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Reducing Vibration of 2-Cylinder Outboard Motor by Pendulum Motion Mount Method
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ABSTRACT

The 1st order vibration, which the engine generates,
has been isolated by applying the pendulum motion
mount method to the 4-stroke 2-cylinder outboard motor.
At firgt, the vibration of outboard motor was theoretically
analyzed by using the 2 dimensional physical model.
Through this analysis, the theory of isolating vibration
by the pendulum motion mount method was established
by finding the condition which isolates vibration
effectively. Next, this method has been applied to the
design of the outboard motor. The mount location was
optimized in consideration of the function and the
vibration, and the mount structure was designed in
consideration of endurance. The body of outboard motor
was designed by optimizing the vibratory characteristics
in order to avoid the resonance. The experimental
verification by use of the newly developed 4-stroke 2-
cylinder small outboard motor revealed that the
effectiveness of vibration reduction was equal to or
better than that of the outboard motor equipped with the
1st order balancer.
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Fig.1 Cutaway view of outboard motor
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Fig.2 Vibration transmission to hull and handle
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Fig.3 Concept of reducing vibration
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Fig.4 Two dimensional vibration analysis model
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(a) Longitudinal bending mode (b) Lateral bending mode

Fig.8 Shape of fundamental modes of eigenvector
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Table 1 Distance between upper nodal point and
center of two cylinders

Type Distance (m)
S (Short) 5.3 x 107
L (Long) 4.5 x 107
UL (Ultra long) 3.3x10?
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(b) BF9.9 Conventional model

Section of extension case
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Fig.9 Comparison of section around lower mount

( Rigid body motion ) + ( Elastic body motion ) = ( Rigid body + Elastic body motion )

Fig.10 Lateral vibration of outboard motor

Table 2 Influence of elastic body motion Lateral
acceleration at mount point of S, L, and
UL types (m/sec?)
Rigid Elastic
Type Mount body body Total
motion motion
S Upper 120 -3 117
Lower 64 -8 56
L Upper 121 -4 117
Lower 51 -10 42
UL Upper 121 -4 118
Lower 53 —-14 39
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Fig.11 BF9.9

Table 3 Specification

BF9.9 BF9.9
Model New Conventional
model model
Bore x Stroke (mm) 58 x 42 58 x 53
Displacement (cm?) 222 280
Maximum engine output
(KW/r/min) 7.4/6 000 7.4/5500
Maximum Torque 14.9/4000 | 16.6/3000
(N - m/r/min)
Reciprocating mass (kg) 0.386 0.349
Sprung mass (kg) 36 39
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(a) Vibration level at steering handle
5

Without balancer
= = = = With balancer
Pendulum Motion Mount

Acceleration
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1 2 3 4 5 6
Engine speed ( x 1000 r/min)

5 (b) Vibration level at boat (seat)

Without balancer

- = = = With balancer
Pendulum Motion Mount
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Fig.12 Effect of vibration reduction by Pendulum
Motion Mount
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