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Analysis of Camshaft Vibration Characteristics with Mixed Lubrication
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ABSTRACT

This paper focused on the dynamic behavior of camshaft in a direct acting type valve train system. To
investigate camshaft behavior, transient vibration analysis is performed by using the transfer matrix method.
The camshaft is treated as a lumped mass system supported by spring and damper. From the presented analytical
model, we could predict dynamic behavior of camshaft, shaft locus within bearing and bearing load. The
presented model and results will be very helpful to design the optimal camshaft and valve train system.
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Nomenclature K : spring coefficient, N/m
A : contact area, m> 1 : length of contact rectangle, m
Ac : asperity contact area, m’ M : mass of each element, Kg
B : half width of contact rectangle, m m : coefficient of lubricant-limiting shear stress
C : damping coefficient, Ns/m -pressure relation
D : non-dimensional matrix P; : point transfer matrix at i-node
E : reduced elastic modulus, Pa Py : asperity load per unit area, N/m’
F : total friction force, N Ph : hydrodynamic load per unit area, N/m?
Fy : asperity contact friction force, N Pmax @ maximum Hertzian stress, Pa
F; : field transfer matrix at i-node q : node sate vector
h : nominal oil film thickness, m R’ : reduced radius of curvature, m
hen  : central oil film thickness, m Tr : torque due to friction force, Nm
hmin  : minimum oil film thickness, m T : total torque, Nm

Tw : torque due to normal force, Nm
" 28, MEushl gt ZIAd ey 8) : total transfer matrix
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Ve : entrain velocity, m/s
Vs : sliding velocity, m/s
" : total contact load, N
Wy : asperity contact load, N

a : pressure coefficient of viscosity, m*/N
ai : temperature coefficient of viscosity, 1/C
a2  :pressure coefficient of viscosity, 1/GPa

: radius of asperity tip, m

¥ : pressure coefficient of boundary shear
strength

7 : number of asperity per unit area, 1/m?

7 : rotational angle of cam, rad

: lubricant viscosity, PaS
o  :lubricant viscosity at ambient viscosity, PaS
o : standard deviation of asperity height, m

: boundary shear strength of ambient

2
pressure, N/m
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Fig. 1 Dynamic model of valve system
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Fig. 3 Free body diagram of (i)th segment(a) and (i)th
station(b) in x-y plane
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Table 1 Dimensions of camshaft [mm]

Radius Width Clearance
Bearing 1 14 17 0.02
Bearing 2 14 17 0.02
Bearing 3 14 17 0.02
Bearing 4 14 17 0.02
Bearing 5 14 20 0.02
Length of camshaft 427.5

Fig. 5 Modeling of valve train system
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