Development of a Novel Electro-Hydraulic Fully Variable
Valve-Train for Four-Stroke Automotive Engines
By

Li Ke

Master of Science in Electromechanical Engineering

2005

FACULTY OF SCIENCE AND TECHNOLOGY

i



TABLE OF CONTENTS

LIST OF FIGURES. ...ttt et e s et e re s e e e e n e e iv
LIST OF TABLES................... e PP vii
LIST OF ABBREVIATIONS. . ...ttt e e s anane s viii
ACKNOWLEDGMENT ... ..o e ix
CHAPTER 1: INTRODUCTION. ..ottt e e 1
1.1 Background...........c.oceeoiercriinninieneneerecininesree st esereseresasssesssesnssessesasanssnesnon 1
1.1.1 Traditional four-stroke engine valve train.....................covvue 1

1.1.2  Valve timing and lifl........cccooerirriiiiinieerrnrieinniressrsenenies s eens 3

1.1.3 Variable valve timing and lift technique............................ 4

1.2 Literature survey on Variable valve timing / lift technology ...........ccece.... 6

1.2.1 Production designs.........ccooeviiiiiniii i e 6

1.2.2 Design under development ........c.covvvivininerinrircrcncnresrineenieeen. 15

1.3 Limitations of the current variable valve train systems..........cc.coeerieevreneas 22

1.4 Project OBJECHVES....c.ccviecieieececer et sa e s e sre e ena s 24

CHAPTER 2:  System design......c..viiiiiiiinriiiiiiiiie it errrremnesnirssinsc s e s en e 0 23

2.1  Schematic design of the SYStem........ccocovvcrennninin e 25
22 Component deSCription...........ccceieerierernninivviraeseescrcennreserensssessecanaseerans 26
2.3 Working PriNCIPLE. ....ccecvrririeciicrrentiniee s et e srsa e e s be s e nassanesns 29
2.'4 Proposed porduction desigh..........c.covvriiiriiirriincrerr st eserearanaees 33
CHAPTER 3: Mathematic model and dynamic analysis.........c..ovvvreeininnninn.., 34
3.1  Mathematic MOdeEl.....ccoviiirirerecreriirririinre et e rae s e e e eees 34
3.2 SAMULALIOIL ettt bbbt er sttt an e 41
3.3 Simulation TESULLS .....ccccecrrirrinrereserert e reerers e estaaerssse e e sessraseseasene 44
3.4  Phase ananlysisi on the input cam and the out pit valve .........ccccoerennn.o. 46
3.5  Torque consumption simulation of the novel EHFVVT system.............. 48

CHAPTER 4: Experimental results and design evaluation.................c.ovevvn.n.. .52

11



4.1 Prototype MOdel......cccoceiiriririeinrcr ettt 52
4.2  Detail component deSCriptions ..........cccccririrrrirereririiierercrreenenevesesssins 53
4.3  Valve output profile analysis.....c..cccoeiiriiirvrersircrr e s e e resconenns 59
4.4  Camshaft driving torque analysis .......c.o.cocvcrrreiienne e eees e 63

4.4.1 Torque consumption simulation of traditional poppet valve system....64
4.4.2 Torque consumption simulation of ideal novel EHFVVT system........ 67

CHAPTER 5: Conclusions and recommendations......c.vvvevreerrrrenranrereeenernmendl

5.1 CONCIUSIONS ..uviivriiiieireeeer e esienie s sreesbeassee st eesbee st sesanesaransrnassrsasbasersessnen 71
5.2 Originality and contribution of the reasurch........ccocvicienvinninnicninninnn 72
53 Recommedations for fUtire WorK .........ccoceeieierenricsiennneneisessesereneseenrenns 73
REOTEIICE e e e e 75

gL ) Lot 1T o LS 78

111



