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ABSTPACT

The most popular engine used in subcompact passenger
automobile is 4-cycle 4-cylinder in-line engine to gain the
advantages of lightweight, low fuel consumption, low cost and easy
construction. However, it has an inherent inferiority of second
mode vibration in the vertical and rolling directions, originating
from the reciprocating parts and engine combustion. Low noise and
vibration classified as one of very important characteristics in
service is not satisfactory in 4-cylinder engine making some engine
builders producing engines of more cylinders or V-type renowned
for their low noise and vibration. If second mode vibration can be
eliminated, it is possible that larger capacity 4-cylinder will
replace engines of more cylinders or V-type tc enjoy the mentioned
advantages. Another reason for building engine with low level of
vibration is that, in future engines may be required by regulation
to be installed with special devices which cénnot tolerate vibration

to perform certain functionms.

The idea of eliminating second mode vibration in vertical
direction has been adopted in low speed engines such as rail vehicle
for some time and for 4~-cylinder engine, Lanchester devised a piece
of mechanism fitted to certain British car engines about forty yeafs
ago. Since then there has not beern any new device available until
Nakamura and his associates designed and installed a pair of

eccentric mass shafts rotating at twice the speed of crankshaft in
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4 cylinder au’to‘mébile engine and claimed thoir effcctivencss of

climinating sccond modec vertical and rolling vibration;

In this study the performencc and vibration characteristics
of cnginc cquipped with sccond mode.balancer systcm has bcen
compared with those of conventional ehgine. Tor the investigation,
the enginesvworé.couplédttohh&ﬂramlicfdynamomatnrs and: forhdshéd
with fuel and coolant supplies, clectrical and cxhaust systems as
- well as instruments necessary for measurement of engine performance
Vibration characteristics were measured by using an accelerometer
mounted on a probe. Vertical vibration of both engines were
compared but unfortunatoiy additional instruments are required to

be capable of measuring rolling vibration.

Experimental reéults indicate second mode vibration of
engine cquipped with balancer system arc lower eventhough its
reciprocating'masses are heavier. Pirst mode vibration theoretically
should balance but unequal reciprocating masses cause small first
mode unbalance. Second mode vibration is predominant in conventional
engine but for engine with second’mode balancer system fourth mode
becomes significant at high speed. Predictidn of second mode
vertical vibration by theoretical formular agrees closely to

experimental results.

- It can be concluded that sccond mode balancer system fitted
to 4 cylinder engine can effectively reduce the vibration and the

jdea can be adopted for other machines and engines .if required.
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SYMBOLS DESCRIPTION
a acceleration
8qs ay harmonic coefficients
A2, A4 harmonic coefficients
b2, b4 harmonic coefficients
Béa B4 harmonic coefficients
D diameter éf cylinder
Fi reciprocating inertia force in i direction
FBi balancing inertia force in i direction
FR rotating inertia force
Gy & acceleration of vibration
ke radius of gyration
ki constant
14 length of connecting rod
m weight
m, cccentric mass of balancing shaft
Mi vibromotive moment in i direction

Mp, Mcomb gas pressure torque

M balancing moment in i direction

bi

MM correcting couple

MR residual couple

N number of balancing shafts

P ratio of /1

v e e



SYMBOLS

DESCRIPTION

gas force

crank radius

eccentricity of balancing shaft i

distance from centre of piston pin bearing to its
centre of gravity

coordinates of balancing shaft i in y direction
coordinates of bealancing shaft i in z direction
velocity of piston

acceleration of piston

- phase angle of eccentric mass

rotational speed of the crank
crank angle

angular acceleration of connecting rod

PSR
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