Contents

1 Imtroduction......... ... ... .. . .. . .. . ... 1
1.1 Motor Vehicles: Environmental Pollution, Emission

Legislation and Recent Trends . .. ......................... 1

1.2 The Importance of Transient Operation . .................... 10

1.3 Fundamentals of Test Cycles ... ....... ... ... .. .. ... .... 16

1.3.1 Chassis-Dynamometer Cycles . .. .................... 23

1.3.2 Engine-Dynamometer Cycles . ...................... 38

1.4 Drive Cycle Development Process . .. ...................... 46

1.4.1 Collection of Driving Data . . ....................... 48

1.4.2 Data Analysis and Cycle Construction . ............... 54

References. . .. ... . 60

2 Light-Duty Vehicles. . . ............. ... ... .. ... ... ......... 65

2.1 European Union............. ... ... ... i, 65

2.1.1 European Driving Cycle ECE+EUDC/NEDC........... 67

2.1.2 Non-legislated Cycles . . ............. ... ... ....... 81

2.2 United States of America . .. .................... ... ... 87

2.2.1 California 7-Mode. . . ........ .. ... .. 88

222 FTIP-72and FTP-75 ... ... ... ... . ... ... . . .. . ... 90

2.2.3 Highway Fuel Economy Test—HFET. ................ 95

2.24 Supplemental FTP US06 and SCO3 .................. 98

225 New York City Cycle—NYCC. .......... ... ... ..... 109

2.2.6 California LA-92. .. ... ... ... ... . ... .. 111

2.2.7 Special Purpose Cycles. . .......... .. ... ... ... 113

2.3 Japan ... 126

23.1 4-Mode—J4 ... . 127

232 10-Mode—J10 . ... ... . 128

233 11-Mode—J11 ... ... . 128

234 10-15 Mode—J10-15 .. ... .. .. . 130

235 JCO8 ..o 131

xi



xii

3

4

Contents
24 Australia. .. ... 135
2.5 Worldwide—WLTC .. ... .. . . 138
2.6 Other COUNtries . . ... ...ttt 145
2.7 Comparative Data. . .......... ... ... ... ... 147
References. . . ... . . 162
Motorcycles . . .. ... 167
3.1 ECE RAT ..o 168
32 ECERAD .. ... 171
3.3 U.S. EPA Urban Dynamometer Driving Schedule . ............ 174
3.4 Indian Driving Cycle—IDC . ........ ... .. ... .. ... ....... 177
3.5 Worldwide Motorcycle Test Cycle—WMTC ... .............. 178
References. . . ... . 190
Heavy-Duty Vehicles and Engines . . .. ........................ 193
4.1 Introduction ........... .. .. 193
42 BUIOPE . . oottt 197
4.2.1 Free Acceleration Test . ............ .. ... .. ........ 198
422 Steady-State R49. .. ... ... ... ...l 199
4.2.3 Chassis-Dynamometer FIGE . ... .................... 200
4.2.4 Steady-State ESC . ........ .. .. ... .. 202
425 ELR Smoke Test.......... ... .. ... 206
426 Transient ETC. ... ... ... ... .. ... ... .. . . ... . ..... 207
4.2.77 Other European Non-legislated Chassis-Dynamometer
Cycles. . oo 211
4.3 United States of America . .. ...t .. 215
4.3.1 Steady-State Gasoline 9 Mode . ..................... 216
4.3.2 Steady-State Diesel 13 Mode ....................... 218
4.3.3 Federal Smoke Test. ... ....... ... . ... ... 220
4.3.4 Chassis-Dynamometer Heavy-Duty UDDS . ............ 221
435 Transient FTP. ... ... ... ... ... .. .. ... ... ... .... 227
4.3.6 Snap Acceleration Test............................ 236
4.3.7 Other U.S. Non-legislated Chassis-Dynamometer
Cycles. ..o 236
44 Japan . ... 246
4.4.1 Steady-State 6 Mode. .. ....... ... ... ... .. ... ... 246
442 Steady-State 13 Mode. . ............ . ... ... 248
4.4.3 Chassis-Dynamometer JEO5 . ... .................... 249
45 Worldwide . . ... . 252
4.5.1 Chassis-Dynamometer WIVC. .. ....... ... ... ... .... 252
4.5.2 Transient WHTC. .. ....... ... ... ... . ... ... ...... 256
4.5.3 Steady-State WHSC ... ... ... ... ... ... ... ... .... 261
4.6 Other COUNLIIES . .. ..o\ttt 265



Contents xiii

5

6

477 Comparative Results. .. ....... ... ... .. ... . ... .. ... ..., 269
4.7.1 Chassis-Dynamometer Cycles . .. .................... 269
4.7.2 Engine-Dynamometer Cycles ....................... 272

References. . .. ... ... . 281

Non-Road Engines. . . .. ... ... . ... ... .. ... . . . 285

5.1 Steady-State Cycles .. ........ ... 286

52 Transient Cycles. .. ....... ... .. . . i 295

References. . ... ... . . . . 313

Driving Cycles Test Procedure. . ............................. 315

6.1 Introduction ........... ... . . ... 315

6.2 Dynamometers . . . ... ... 318

6.3 Road-Load Equation. . ........... ... ... ... . ... ... ...... 320

6.4 Coast-Down Procedure. ............ ... ... ... .. ... ..... 322

6.5 Emissions Measurement . ... .............. ... ... 325
6.5.1 Chassis Testing Employing Constant Volume

Sampling. .. ... . 326
6.5.2 Engine-Dynamometer Testing. . ..................... 336
References. . . ... . . 344

Appendix A—Technical Specifications of Chassis-Dynamometer



2 Springer
http://www.springer.com/978-3-319-49033-5

Driving and Engine Cycles

Giakoumis, E.G.

2017, XX 408 p, 282 illus., 270 illus, in color.,
Hardcover

ISBN: 978-3-319-40033-5



	Contents



