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Analysis of Camshaft Vibration Characteristics with Mixed Lubrication

Jee-woon Kim, Tai-seon Moon and Dong-chul Han

Graduate School of Mechanical & Aerospace Engineering, Seoul National Univ., *School of Mechanical & Aerospace
Engineering, Seoul National Univ.

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 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 mode and results will be very helpful to design the optimal camshaft and valve train system.
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Contact area, m”
Asperity contact area, m”
Half width of contact rectangle, m
Damping coefficient, Ns/m
Non-dimensional matrix
Reduced elastic modulus, Pa
Total friction force, N
Asperity contact friction force, N
Field transfer matrix at i-node
Nominal oil film thickness, m
Central oil film thickness, m
Minimum oil film thickness, m
Spring coefficient, N/m
Length of contact rectangle, m
Mass of each element, Kg
Coefficient of lubricant-limiting shear stress-
pressure relation
Point transfer matrix at i-node
Asperity load per unit area, N/m’
Hydrodynamic load per unit area, N/m’
Maximum Hertzian stress, Pa
Node sate vector
Reduced radius of curvature, m
Torque due to friction force, Nm
Total torque, Nm

—
£

Torque due to normal force, Nm

Total transfer matrix

Entrain velocity, m/s

Sliding velocity, m/s

Total contact load, N

Asperity contact load, N

Pressure coefficient of viscosity, m*/N
Temperature coefficient of viscosity, 1/ °C
Pressure coefficient of viscosity, 1/GPa

Radius of asperity tip, m

Pressure coefficient of boundary shear strength
Number of asperity per unit area, 1/m?
Rotational angle of cam, rad

Lubricant viscosity, Pa.s

Lubricant viscosity at ambient viscosity, Pa.s
Standard deviation of asperity height, m
Boundary shear strength of ambient pressure, N/m?
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Fig.1 Dynamic model of valve system
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Fig. 2 Cam shaft modeling
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getd Zzte ¥ % "9 949 542 1
st g 2e WY PRNE 7 £ Aok
VJ‘J = Vy.i-l
M:.i = M:,:-l _[i-IV

»i=l

I 2

=6, +iM:.i-| _T]::VY'H

Y=Y 00+ gy +(-—I"'I bt Wit (14
i i-) i=1%i=1 ZEIL. z,0-1 GAk 6E1:__ =1

J’,‘R = )II.L

G.R = O-L

V)".Zi = V)Ll +ZV.“
ME=M!+> M, (15)

AR s Woly wE ¥ Aoz 2z
$3 mTE 083 2ol yehjel Aok

B LM M R ™
ZMA,A {4 ofy") [L@ O |& a7
EH Lo L)

< 982 x-z PR tistd depd & 3l

Fig. 4 Free body diagram of (i)th segment(a) and (i)th
station(b) in x-z plane

gehy thew 2e F A9 9% P A
g

5 °
Eg O] Tr-S:— \_C}.
1 IE 00 00 0 0 00 0 0 0
01T 0000 0 0 00 o0 0 0
00 1 'a 006 0 0 00 0 0 0
0001 00 0 o 00 0 0 0
000N g s ke g 0 0
2EI. GA, 6EI.
i, i
D000 0N = =i 00 o 0 0
El 281,
E=lo 0 0 0 00 1 27 00 0 0 0
000000 0 1 00 0 o0
A
0 B e
0 00 00 0 0 0 g gSn
) 4
0 o o sk S g
00 00 o 0 i e
000000 0 0 0o | -1 0
000000 0 0 00 0 I o
000000 0 0 00 o 0 |




1o o0 o0 0 0 0o 0 0 00 0
-m@ 1 0 0 [ 0 00 0 0 00 0
00 1 0 0 0 00 0 0 00 0
0 0-ig | 0 0 00 0 0 00 -T,
000 0 I 0 00 0 0 00 0
0 0 0 0 0 00 0 0 00 0
psl 0 0 0 0 0 ~(Lyf 1 0 0 J-lwss 00 0O
0 0 0 0-mo+k +jcm 0 01 k. +jle,m 0 00-£,
0 00 0 0 0 00 ! 0 0o 0
0 0 0 0 0 00 0 I 00 ©
00 0 0 0 Hiwah 00 0 )@ 10 0
00 0 0 kejcw 0 00 -m@+kfc O 01 -F,
00 0 0 0 0 00 0 o o0 1 ](]8)
ol wf, zt =9 W 4 Ztko| i FelF
e g o HHA A2 dFL o7 2.
T
g = NSTVOM Y wy M L
U,=FF_F, (20)
F2 A4 &9 EE AFe m72 Q
s wAHE AL 23 WAE ZolL AN
SE P43 $Y4E AN At FAY
5 W48 =98
K -1
g=D"q (21)
Il 0 00 00 0 © 00 0 0 0
o0 0 00 0 0 00 0 0 0
E.A,
0o 0 1 0 00 06 0 00 O 0 O
0 0 0 00 0o o 00 0o 0 o
G
0 0 0 0 ,-‘ 0o 0 o 00 0 0 o©
0o 0o 0 0 61 0 0 0O 0 0 0
pia|0 0 0 0 00 E‘/T: t? 0o o 0 o0
0 0 0 0 00 0 =2 90 o o o
BEs
0 0 0 0 00 0 0 ,io o 0 o
¢ o 6 o 060 0 © 01 o G 0
0o 0 0 0 00 0 6 00 = o o
EJ
0 0 0 0 00 0 o 0 —E—’;— 0
6 0 0 v 00 0 6 00 0 U i (22)
qn :Uloml qu
unzummlxDqD
Gy =D XUy x Dy (&)

2.4 Valve train system numerical analysis
QoA T WE AAH] Pdn B =
TS AF A2 PEHL o] &F F=IF Y
RES 538t R AZE AF AL 9sto
Fig. 5 9} #o] =¥ g}
T

189

Being 2 Bowing 3 Bowing 4

Fig. 5 Modeling of valve train system
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Fig. 6 Flow chart for computational analysis
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