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ABSTRACT

A dynamic model of direct-acting OHC valve train system has been used to determine

the load conditions in the system. The modified equations for calculating the friction forces

between cam and HLA, and at a camshaft ‘bearing have been defined considering the

lubrication conditions. Then, to understand the frictional characteristics in the system, a

parameter study has been performed. As the results of the analysis, valve spring stiffness

and preload have great effects on the friction in the system, but the effects of other

parameters are negligible. So, how to design the valve train system with respect to the

reduction of friction is to minimize the valve spring stiffness and preload in the limit of

satisfying the dynamic constraints.
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C : Bearing clearance

C. : Equivalent damping coefficient due
to contact of cam and tappet body

C,, : Equivalent damping coefficient due’
to contact of valve and vlalve seat

€, :Equivalent damping coefficient due

to viscous damping between HLA
and tappet bore

Cq,Cg,Cgq, Cy :Distributed damping coe-
fficents of valve spring

E * Young's Modulus

Ftyumps FDgump ° Damping forces acted on

tappet body and plunger respectively

G . Diemensionless material parameter

H, ! Equivalent length of compressed
high -pressure chamber in HLA

H_;, : Dimensionless minimum film
thickness

I : Bending moment of inertia

K,,K;,Kg3,K, :Distributed
coefficents of valve spring

L, : Bearing length

stiffness

u : Viscosity of bulk lubrication oil
M, : Equivalent mass of partial camshaft

and cam

M,  :tappet body mass

M, : plunger mass

N : Camshaft speed(RPM)

)Y : Possion’s ratio

¥ : Equivalent radius of curvature of
cam

R * Radius of journal

Oc : Surface roughness of cam

U, : Dimensionless speed parameter

U, * Relative velocity at contact point

w, : Center deflection of contact region

W Cam width

W,  : Dimensionless load parameter

X. - Aeration rate in oil
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Fig.2 Cross-section of HLA valve train
system

Fig.3 Parial camshaft model

oA W@t 57t 24 AFE dvste o) o) A)
g A8 Figd 3 2 5 7je) wojda
N Aoz FHH= & AN=de nHsy
ohoolm A& ZMAE BF Fuu shFel
Al AHe A 6 Alele] BARRE
K0l Axtar,

_ Fu 6LEI
Ksh_ F) - [__a3+(L2__b2)a] (1)
A% B v BERY S B4 K, & A
A7) 98 A e e HEL Qcis
ol H&3 He= /MY eckFigd) Hertz
HE olgd] Wl HZ AFH WEW FUR
A7 Abeld] BAAL TgT 2o

—_ Z(I_VZ)FCt[ln( W xE

Wo= TEW 4F(1— 1) )+1]

2

Fig.4 Model of the contact between
cam and tappet
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(a) Approach
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(b) Withdrawal

Fig.5 Tappet body/plunger model of HLA
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Fig.7 The effects of valve spring preload on the friction forces
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Fig.8 The effects of valve spring mass on the friction forces
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Fig.9 The effects of valve mass on the friction forces
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