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Engine noise and vibration become significant if rapid combustion occurs such as premixed-
charge compression ignition to achieve high thermal efficiency. In order to solve this problem, an
improvement of understanding of the mechanism of engine noise is required. Although simulation
of the engine vibration is accurate at relatively low frequencies, the simulation accuracy at high
frequency, especially more than 1 kHz, is still low. Thus, we need to understand the mechanism of
combustion-induced vibration to improve simulation accuracy.

Mikami et al. and Nguyen et al. proposed a time-frequency dependent combustion-noise
generation model. In this model, the vibration energy, Ev, of each frequency component is assumedl
to accumulate in the engine structure excited by the combustion impact power, W, with the vibration
transmission efficiency, 7, during the combustion period #in a cycle. After the end of combustion,
F\v decays over time with the decay rate, c. The combustion noise is assumed to radiate from the
engine outer surface with the acoustic conversion coefficient, b. This vibration-transmission and
decaying are the main processes of the combustion-induced vibration mechanism. This study|
experimentally and numerically studied them.

This study considered four factors of the vibration decay processes: internal damping of each
engine part, slip friction between the contact surfaces of assembled parts, oil viscous friction on joint,
parts, and asperity friction on joint parts.

I conducted hammering tests on each engine part to investigate the internal damping and|
calculated the modal damping ratio.

I also conducted hammering tests on the assembled block which consists of the upper block and
the lower block to investigate the influence of the slip friction between the contact surface on
damping ratio compared with that of single blocks. These blocks sandwich the crankshaft when|
assembled as finished state. As a result, modal damping ratios of some modes are similar to that of]
the single blocks. On the other hand, those of some modes are much bigger than that of the single
blocks. To understand the reason for this difference, I conducted modal analysis of the assembled
block. In the modes whose modal damping ratios are much bigger than that of single blocks, the
assembled block moves like bending motion. Because of this movement, it seems that the slip friction|
occurs on the contact surface. This friction might make the modal damping ratio large. In the modes
whose modal damping ratios are similar to that of single blocks, portions of the upper and lower
block near the contact surface rotate together, thus preventing the occurrence of the slip friction.

Therefore, the modal damping ratio values are similar to that of the single block and its decay would
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come only from the internal damping. In order to verify this hypothesis that the slip friction
occurring on the contact surface of the assembled block makes the modal damping ratio large, I
experimentally investigated the phase difference between the upper block and the lower block. As al
result, the phase difference occurred, so the hypothesis is correct.

There is oil in joint parts such as the piston-liner contact and bearings. Viscous friction loss must
occur and therefore, decaying occurs in such joint parts. I investigated the influence of oil viscosity
on the decay rate of the engine vibration energy. I conducted an engine firing experiment with three
different viscosity oils. In many frequency bands, especially in high frequency, the decay rates for
higher viscosity oil became lower even though higher oil viscosity creates higher oil viscous
resistance. In order to investigate the cause for it, I conducted simulation with two different viscosity
oils and investigated the difference on a main bearing. With high viscosity oil, stational
hydrodynamic friction power loss became bigger and local asperity friction power loss near the top|
dead center became lower. In order to investigate the influence of this change in the frequency
domain, I conducted a frequency analysis. With high viscosity oil, the friction power loss in the wide
frequency range became lower but in a very low frequency range, under 10 Hz, became bigger.
Therefore, the decay rates with higher viscosity oil became lower.

From previous researches, it is revealed that by shortening the I-beam section of the connecting-
rod, the natural frequency of the piston-connecting-rod-coupled vibration became around 2800 Hz from
2500 Hz. In this study, I investigated the cause for it from the view of the vibration-transmission|
efficiency. From the result of firing experiment, it is found that the frequency for themaximum value of
the vibration-transmission efficiency was almost same as the piston-connecting-rod-coupled vibration
frequency. In order to examine it, I conducted the simulation and investigated the main bearing. The
main bearing analysis shows that the asperity contact makes the vibration-transmission efficiency
greater especially the frequency of the piston-connecting-rod-coupled vibration.

From above experiments and simulations, it is obvious that the accuracy of simulation has a problem|

especially in the decay process. Finally, I tried to apply the decay factors on the simulation.
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