
New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
303 

 

6. Bell J. C., Colgan T. A., “Critical Physical Conditions in the Lubrication of 

Automotive Valve Train Systems”, Trib. Int., 1991, Vol. 24 (2), pp. 77-84 

 
7. Calabretta M., Cacciatore D., Carden P., “Valvetrain Friction – Modeling, 

Analysis and Measurement of a High Performance Engine Valvetrain System”, 

SAE Paper 2010-01-1492 

 
8. Koch F., ”Chapter 9: Friction”, in Internal Combustion Engine Handbook edited 

by Basshuysen R. and Schafer F., SAE International, Warrendale, 2004 

 
9. Morel T., Flemming M. F., Buuck B. A., “Evaluation of Variable Camshaft 

Effects on Performance of a High Output, 4-Valve SI Engine”, SAE Paper 

905173, 1990, pp. 397-433 

 
10. Dowson D., Higginson G. R., “Elasto – Hydrodynamic Lubrication”, SI Edition, 

Pergamon Press, 1977 

 
11. Teodorescu M., Kushwaha M., Rahnejat H., Rothberg S. J., “Multi-physics 

Analysis of Valve Train Systems: From System Level to Microscale 

Interactions”, Proc. IMechE Vol. 221 Part K: J. Multi-body Dynamics, 2007, pp. 

349-361 

 
12. Beloiu D. M., “Modeling and Analysis of Valve Train, Part I – Conventional 

Systems” SAE Paper 2010-01-1198 

 
13. Hoglund E., “Influence of Lubricant Properties in Elastohydrodynamic 

Lubrication”, Wear 232 (1999): 176-184, 1999 

 
14. Johnson K. L., Cameroon R., “Shear Behaviour of Elastohydrodynamic Oil Film 

at High Rolling Contact Pressures”, Proc. Inst. Mech. Eng., 208: 307, 1967 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
304 

 

15. Dowson D., “Elastohydrodynamic and Micro-Elastohydrodynamic Lubrication”, 

Wear 190: 125-138, 1995 

 
16. Guangteng G., Cann P. M., Olver A. V., Spikes H. A., “Lubricant Film Thickness 

in Rough Surface, Mixed Elastohydrodynamic Contact”, Trans. ASME, Journal 

of Tribology, Vol. 122, 2000, pp. 65 – 76 

 
17. Tallian T. E., “The Theory of Partial Elastohydrodynamic Contact”, Wear, Vol. 

21, 1972, pp. 49 – 101 

 
18. Patir N., Cheng H. S., “Application of Average Flow Models to Lubrication 

Between Rough Sliding Surfaces”, ASME Journal of Lubrication Technology, 

Vol. 101, 1979, pp. 220 -230 

 
19. Kweh C. C., Evans H. P., Snidle R. W., “Micro-Elastohydrodynamic Lubrication 

of an Elliptical Contact with Transverse and Three-Dimensional Sinusoidal 

Roughness”, ASME Journal of Tribology, Vol. 111, 1989, pp. 577 – 584 

 
20. Chang L., Jackson A., Webster M. N., “Effects of 3-D Surface Topography on the 

EHL Film Thickness and Film Breakdown”, Tribology Transaction, Vol. 37, 

1994, pp. 435 – 444 

 
21. Venner C. H., Lubrecht A. A., “Amplitude Reduction of Anisotropic Harmonic 

Surface Patterns in EHL Circular Contacts Under Pure Rolling”, Leeds – Lyon 

Symposium – Lubrication at the Frontier, September 1998 

 
22. Elcoate C. D., Evans H. P., Hughes T. G., Snidle R. W., “Thin Film, Time 

Dependent, Micro-EHL Solutions with Real Surface Roughnesses”, Leeds – Lyon 

Symposium – Lubrication at the Frontier, September 1998 

 
23. Chang L., “A Deterministic Model for Line Contact Partial Elastohydrodynamic 

Lubrication”, Tribology International, Vol. 28, 1995, pp. 75 – 84 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
305 

 

 
24. Spikes H. A, “Mixed Lubrication – An Overview”, Lubrication Science, Vol. 9, 

1997, pp. 221 – 253 

 
25. Jackson A., Cameron A., “An Interferometric Study of the EHL of Rough 

Surfaces”, ASLE Transactions, Vol. 19, 1976, pp. 50 – 60 

 
26. Cusano C., Wedeven L. D., “Elastohydrodynamic Film Thickness Measurements 

of Artificially Produced Non Smooth Surfaces”, ASLE Transactions, Vol. 24, 

1980 

 
27. Kaneta M., Cameron A., “Effects of Asperities in Elastohydrodynamic 

Lubrication”, ASME Journal of Technology, Vol. 102, 1980, pp. 374 – 379 

 
28. De Silva G. M. S., Leather J. A., Sayles R. S., “The influence of Surface 

Topography on Lubricant Film Thickness in an Elastohydrodynamic (EHD) Point 

Contact”, Proc. 12th Leeds – Lyon Symposium, September 1985 

 
29. Liang X., Linqing Z., “A New Method for the Experimental Investigation of 

Contact in Mixed Lubrication”, Wear, Vol. 132, 1989, pp. 221 – 233 

 
30. Tondor K., Jakobsen J., “Interferometric Studies of Effects of Striated Roughness 

on Lubricant Film Thickness under Elastohydrodynamic Conditions”, ASME 

Journal of Tribology, Vol. 114, 1992, pp. 52 – 56 

 
31. Kaneta M., Sakai T., Nishikawa H., “Effects of Surface Roughness on Point 

Contact EHL”, Tribology Transactions, Vol. 36, 1993, pp. 605 – 612 

 
32. Kaneta M., Nishikawa H., “The Effects of a Transversely Oriented Bump on 

Point Contact EHL in Reciprocating Motion with a Small Stroke Length”, Leeds 

– Lyon Symposium – Lubrication at the Frontier, September 1998 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
306 

 

33. Hundal M. S., “Aid of Digital Computer in the Analysis of Rigid Spring Loaded 

Valve Mechanisms”, SAE Progress inTechnology, 5, 1963, p. 409 

 
34. Johnson G. I., “Studying Valve Dynamics with Electronic Computers”, SAE 

Progress in Technology, Vol. 5, 1963, pp. 10 – 28 

 
35. Sakai H., Tsuda K., “Analysis of Valve Motion in Overhead Valve Linkage – 

Measurement of Valve Motion and Discussion of Single Mass System”, Bulletin 

of the JSME, Vol. 13, No. 55, 1970, pp. 120 – 128 

 
36. Kanesaka H., Akiba K., Sakai H., “A New Methods of Valve Cam Design – 

HSDYNE Cam”, SAE Paper 770777 

 
37. Desai H. D., Patel V. K., “Computer Aided Kinematic and Dynamic Analysis of 

Cam and Follower”, Proc. World Congress on Engineering 2010 Vol. II, London, 

UK 

 
38. Shigley J. E., ”Theory of Machines and Mechanisms”, Tata McGraw-Hill, New 

York, 2003 

 
39. Keribar R., “A Valvetrain Design Analysis Tool with Multiple Functionality”, 

SAE Technical Paper 2000-01-0562 

 
40. Okarmus M. M., Keribar R., Suh E., “Application of a General Planar Kinematics 

and Multi-Body Dynamics Simulation Tool to the Analysis of Variable Valve 

Actuation Systems”, SAE Technical Paper 2010-01-1193 

 
41. Flierl R., Hofman R., Landerl C., Melcher T., Steyer H., “The New BMW Four 

Cylinder Engine with Valvetronic. Part I: Concept, Design and Construction”, 

MTZ 62(2001)6, pp. 450 – 463 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
307 

 

42. “Variable Valve Lift and Duration Mechanism Designed for a High-Speed 

Engine”, Engine Technology Progress in Japan, April, 2007 

 
43. Du I. H. Y., Chen J.-S., “Dynamic Analysis of a 3D Finger Follower Valve Train 

System Coupled with Flexible Camshafts”, SAE Paper 2000-01-0909 

 
44. Hsu W., Pisano A. P., “Modeling of a Finger – Follower Cam System with 

Verification in Contact Forces”, ASME Journal of Mechanical Design, Vol. 118, 

1996 

 
45. Lin Y., Pisano A. P., “General Dynamic Equations of Helical Springs with Static 

Solution and Experimental Verification”, ASME Journal of Applied Mechanics, 

Vol. 54, 1987 

 
46. Lin Y., Pisano A. P., “ Three – Dimensional Dynamic Simulation of Helical 

Compression Springs”, ASME Journal of Mechanical Design, Vol. 112, 1990 

 
47. Lin Y., Hodges P. H., Pisano A. P., “ Optimal Design of Resonance Suppression 

Helical Springs”, ASME Journal of Mechanical Design, Vol. 115, 1993 

 
48. Zeischka J., Kading D., Crosheck J., “Simulation of Flexible Engine Block, 

Crank, and Valvetrain Effects using DADS”, Proceeding of GM Global 

Powertrain Congress, 6-8 October, 1998 

 
49. Schlachter R., Allgeier M., “Modeling and Simulation the Dynamic Behaviours of 

Valve Spring in Valvetrain”, DADS User’s Meeting, Nurtingen, 15 September, 

1998 

 
50. Teodorescu M., Kushwaha M., Rahnejat H., Taraza D., “Elastodynamic Transient 

Analysis of a Four-Cylinder Valvetrain System with Camshaft Flexibility”, Proc. 

IMechE Vol. 219 Part K: J. Multi-body Dynamics, 2005, pp. 13-25 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
308 

 

51. Teodorescu M., Votsios V., Rahnejat H., “Multiphysics Analysis for the 

Determination of Valvetrain Characteristics”, Proc. IMechE Vol. 219 Prt D: J. 

Automobile Engineering, 2005, pp. 1109-1117 

 
52. Zou D., McCormick H., “Dynaimc Model and Computer Simulation of Valvetrain 

Asemblies with Hydraulic Lash Adjusters”, SAE Paper 96 

 
53. Dyson A., “Elastohydrodynamic Lubrication and Wear of Cams Bearing Against 

Cylindrical Tappets” SAE Paper 770018 

 
54. Staron J. T., Willermet P. A., “An Analysis of Valve Train Friction in Terms of 

Lubrication Principles”, SAE Paper 880165 

 
55. Colgan T., Bell J. C., “A Predictive Model for Wear in Automotive Valve Train 

Systems”, SAE Paper 892145 

 
56. Grubin A. N., “Investigation of the Contact of Machine Components” edited by 

Ketova K. F., Central Scientific Research Institute of Technology and Mechanical 

Engineering, Book 30, Moscow, 1949 

 
57. Block H., “Elastohydrodynamic Lubrication – Communications”, Proc. Instn 

Mech. Engrs, 1965 – 66, 180 (3B), 237 – 238 

 
58. Cameron A., “Righting 40 Years-Old Wrong“, Tribol. Int., 1985, 18, 92 

 
59. Morales-Espejel G. E., Wemekamp A. W., “Ertel – Grubin Methods in 

Elastodynamic Lubrication – A Review”, Proc. IMechE Vol. 222 Part J: J. 

Engineering Tribology, 2008 

 
60. Zhang P.-S., Wang J.-G., “Partial Elastohydrodynamic Lubrication of Rough 

Rollers”, Proc. 50 Years of Tribology Conf., London, July 1 – 3, 1987, pp. 111 – 

119 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
309 

 

 
61. Dowson D., Toyoda S., “A Central Film Thickness Formula for EHD Line 

Contacts”, Proc. 5th Leeds – Lyon Symp. on Tribology, Leeds, September 1978, 

Mechanical Engineering Publications, London, pp. 60 – 65 

 
62. Zhang P.-S., Gou J.-H., “Two New Formulae to Calculate the Film Thickness in 

Elastodynamic Lubrication and an Evaluation of Grubin’s Formula”, Wear 130 

(1989) 357-366 

 
63. Zhang P.-S., “A Universal Film Thickness Formula and a Modified Map of 

Regimes of EHD Line Contacts” edited by Tamai Y., Proc. JSLE Int. Tribology 

Conf. Tokyo, July 8 – 10, 1985, pp. 967 – 972 

 
64. Crook A. W., “Lubrication of Rollers Pt. III”, Philos. Trans. R. Soc. London, Ser. 

A, 1961, 254, 237 

 
65. Wolveridge P. E., Baglin K. P., Archard J. F., “The Starved Lubrication of 

Cylinders in Line Contacts”, Proc. Instn Mech. Engrs, 1970 – 71, 185(81), 1159 

 
66. Archard J. F., Baglin K. P., “Nondimensional Presentation of Frictional Tractions 

in Elastohydrodynamic Lubrication – Part I: Fully Flooded Conditions”, Trans. 

ASME, J. Lubr. Tech., 1975, 97(3), 412 – 423 

 
67. Archard J. F., Baglin K. P., “Nondimensional Presentation of Frictional Tractions 

in Elastohydrodynamic Lubrication – Part II: Starved Conditions”, Trans. ASME, 

J. Lubr. Tech., 1975, 97(3), 412 – 423 

 
68. Greenwood J. A., “An Extension of the Grubin Theory of Elastohydrodynamic 

Lubrication”, J. Phys. D, Appl. Phys., 1972, 5, 2195 

 
69. Morales-Espejel G. E., “Elastohydrodynamic Lubrication of Smooth and Rough 

Surfaces”, PhD Dissertation, University of Cambridge, UK, 1993 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
310 

 

 
70. Greenwood J. A., Morales-Espejel G. E., “Pressure spikes in EHL”, in Lubricants 

and Lubrication – Eds D. Dowson, C. Taylor, T. Childs, G. Dalmaz -, Tribology 

Series, 1995, vol. 30, pp. 555 – 564 – Elsevier, Amsterdam 

 
71. Greenwood J. A., Morales-Espejel G. E., “The Amplitude of the Complementary 

Function for Wavy EHL Contacts”, in Elastohydrodynamics ’96 – Eds D. 

Dowson, C. Taylor, T. Childs, G. Dalmaz, Y. Berthier, L. Flamand, J. M. 

Georges, and A. A. Lubrecht -, Tribology Series 32, 1997, pp. 307 – 312 – 

Elsevier, Amsterdam 

 
72. Chow L. S. H., Cheng H. S., “The Effects of Surface Roughness on the Average 

Film Thickness Between Lubricated Rollers”, Trans. ASME J. Lubr. Technol., 

1976, 98, 117 – 124 

 
73. Gohar R., Rahnejat H., “Fundamentals of Tribology”, Imperial College Press, 

2008 

 
74. Dowson D., Taylor C. M., Zhu G., “A Transient Elastohydrodynamic Lubrication 

Analysis of a Cam and Follower”, J. Phys. D; Appl. Phys., 1992, 25, 313-320 

 
75. Xiaolan A., Haiqing Y., “A Numerical Analysis for the Transient EHL Process of 

a Cam - Tappet Pair in I.C. Engine”, Trans. ASME, J. Tribology, July 1989, 111, 

413-417 

 
76. Hamilton M., “The Hydrodynamics of a Cam Follower”, Tribology Int., June 

1980, 113-119 

 
77. Rahnejat H., “Influence of Vibration on the Oil Film in Concentrated Contacts”, 

Ph.D. Thesis, Imperial College of Science and Technology, London, 1984 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
311 

 

78. Mostofi A., Gohar R., “Oil Film Thickness and Pressure Distribution in 

Elastohydrodynamic Point Contacts”, J. Mech. Engng. Sci., 1982, 24(4), 173-182 

 
79. Glovena R. P., Spikes H. A., “Elastohydrodynamic Film Collapse During Rapid 

Deceleration – Part II: Theoretical Analysis and Comparison of Theory and 

Experiment”, Trans. ASME, J. Tribol. 2001, 123(2), 262 – 277 

 
80. Nélias D., Trujillo Jiménez A., “A Simplified Model to Study EHL Film Collapse 

During Rapid Halting Motion”, Tribol. Trans., 2002, 45(4), 512 – 520 

 
81. Archard J. F., Cowking E. W., “Elastohydrodynamic Lubrication at Point 

Contacts”, Proc. Instn Mech. Engrs., 1965 – 66, 180(3B), 47 – 56 

 
82. Snidle R. W., Archard J. F., “Lubrication at Elliptical Contacts”, Proc. Instn 

Mech. Engrs., 1968 – 69, 183(3P), 138 – 146 

 
83. Mei X., Xie Y., “A Numerical Analysis of Nonsteady EHL Process in High-

Speed Rotating Engine Cam/Tappet Pairs”, Trans. ASME J. Tribol. 118, 1996 

 
84. Ai H., Yu H., “A Full Numerical Solution for General Transient 

Elastohydrodynamic Line Contacts and its Application”, Wear 121, 1988 

 
85. Ai H., Yu H., “A Numerical Analysis for the Transient EHL Process of a 

Cam/Tappet Pair in I.C. Engine”, Trans. ASME J. Tribol. 111, 1989 

 
86. Kushwaha M., Rahnejat H., “Transient Elastohydrodynamic Lubrication of Finite 

Line Conjunction of Cam to Follower Concentrated Contact”, J. Phys. D: Appl. 

Phys. 35 (2002) 2872 – 2890 

 
87. Fessler H., Ham R., “Lubrication and Stress Analysis as a Basis for Camshaft 

Optimization”, Proc. XXIII FISITA Congress, Turin, Italy, May 1990 

 



New engine concept development-Multi-body dynamic of valvetrain system and friction assessment 

Antonio Turturro – Supervisors: Prof. C. Delprete and L. Magro 

 

 
312 

 

88. Dowson D., Higginson G. R., “Elastohydrodynamic Lubrication: The 

Fundamentals of Roller and Gear Lubrication”, Oxford – Pergamon, 1966 

 
89. MSC ADAMS VIEW 2005 R2 Help – Adams/Solver (FORTRAN) manual 

 
90. MSC ADAMS VIEW 2005 R2 Help – Build manual 

 
91. Rahnejat H., “Multi-body Dynamics – Vehicles, Machines, and Mechanisms”, 

SAE International, 1998 

 
92. Anderson R. A., “Fundamentals of Vibrations”, McMillan, 1967 

 
93. Wang Y., “Introduction of Engine Valve Train”, SAE International, 2007 

 
94. Stachowiak G. W., Batchelor A. W., “Engineering Tribology”, Elsevier – 

Butterworth Heinemann, 2005 

 
95. Martin G. H., “Kinematics and Dynamics of Machines”, McGraw-Hill, 1982 

 
96. Chen F. Y., “Mechanics and Design of Cam Mechanisms”, Pergamon Press, 1982 

 
97. Norton R. L., “Cam Design and Manufacturing Handbook”, Industrial Press, 2002 

 
98. Roeland C. J. A., “Correlation aspects of the Viscosity – Temperature – Pressure 

Relationship of Lubricating Oils”, Ph.D. Thesis, Technische Hogeschool Delft, 

The Netherlands, 1966 

 
99. Teodorescu M., Taraza D., Henein N. A., “Simplified Elasto-Hydrodynamic 

Friction Model of the Cam-Tappet Contact”, SAE Techincal Paper 2003-01-0985 

 
100. Greenwood J. A., Tripp J. H., “The Contact of Two Nominally Flat Rough 

Surfaces”, Proc. Instn Mech. Engrs, Vol. 185 48 / 71, pp. 625 - 633, 1970 – 71 


