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A Study on Improving Valve Train Performance by a Dynamic Model Analysis

Hyuck-Soo Jeon and Youn-Sik Park
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Abstract

Valve motion is one of the most important factors which affect on engine noise and efficiency.
Since engine valve train is characterized as a spring-mass system, its dynamic response should
be analyzed for varing operation RPM range. In this paper, a OHV type valve train motion was
studied by dynamic model analysis. A five degrees of freedom model was set up and simulated
for different operating conditions. Also in order to varify the usefulness of the model, the valve
displacement and the pushrod force were directly measured for varying RPMs and compared with
the simulation results.

Then sensitivity analysis was done with the five degrees of freedom model in order to suggest

for valve train design change.
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Table 1 Rates of change of eigenvalue. (unit: percent change of eigenvalue/percent change of

design variable)

Eigenvalue \ ’

\ [0 [O)) W3 Wy Ws

Parameter
1 —0.1950E-03 | —O0.1556E-01| —0.5407E-03| —0.1060E-04 | —0.4837E Q0
"y —0.6027E-02 | —0.4619E 00| —0.1552E-01| —0.2685E-03 | —~0.1631E-01
m, —0.1583E 00| —0.2781E-02| —0.2447E 00| —0.9420E-01| ~0.2770E-06
m; —0.1842E 00 —0. 3728E-02 —0.6210E -04 —0.3120E 00 ; -—0.3039E-09
s —0.1513E 00| —0.1606E-01 | —0.2390E 00, —0.9350E-01! —0.3563E-12
ki 0. 8553E-02 0.2492E 00 0.5738E-02 0.5058E -04 0.2342E 00
kez 0. 8168E -02 0.2190E 00 0.4707E-02 0. 3155E-04 0.2658E 00
ka 0.2212E 00| 0.6179E-02| 0.1017E 00| 0.1609E-01 |  0.1542E-04
Foa 0.1332E-01 0.1334E-01 0. 1460E 00 0.2344E 00 0.8330E-08
Fss 0.1683E-01 0.3339E-02 0.1531E 00 0.2338E 00 0.1090E-10
ks 0.2319E 00 0. 8986 E-02 0. 8872E-01 0. 1558E -01 0.6031E-14

Table 2 Global sensitivity (unit: mm-deg)
RPM‘

Taotal change

Design

para-

pars A\ 6o | 1034 | 1760 | 2083.3
my | 0.075823—0.001743]0.000249] 0. 000732
m, | 0.14629 | 0.002426(—0.001354 0.020428

my  |—0.000026| 0.000030|—0.001183—0. 000950
m; |—0.000051] 0.000014{—0.001507—0. 001113
m; 0. 000027} 0. 000053{—0. 001357)—0. 000464
ki |—9.595182)—9. 633175/ —9. 622496) —9. 634861
kiz 0.018380, 0.125161; 0.126673 0.116608
ko |{—0.027742—0. 027556]— 0. 025633(— 0. 026267
k2 |—0.016689—0. 016669 — 0. 016837|—0. 016999
ks 1—0.016620—0. 016599|—0. 016479|—0. 016615
ke 0. 027643|—0. 027735|—0. 025782|— 0. 026439

unit: change of valve lift area per percent change
of design parameter.
total valve lift area=984, 9515(mm-deg)
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Table 3 Valve train data

Rated speed Il2200 RPM (Engine speed)

Maximum valve displacement
Rocker arm ratio

Stiffness of valve spring
Stiffness of valve linkage
Valve mass

Valve spring mass

Valve retainer mass

Valve cotter mass

Rocker arm mass

Moment of inertia of rocker
arm

14, 367mm

1.723

3. 1kgf/mm

332. 5kgf/mm
233.5¢

141.7¢g

468

4.4g

279. 8¢

1. 878 x10~*(kg-m?)

Pushrod mass 164. 3g
Tappet mass 234. 8¢
Equivalent damping of 49. 62kg/s
valve linkage
Fundamental natural 270. 8Hz
frequency of valve spring
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