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ABSTRACT

The gears in mechanical transmissions generate vibrations during running. The Campbell diagram and
tracking one of the acoustic pressure levels were used for identification of the most significant causes of the
higher operational vibrations and noise to be emitted. It was found out that the vibrating outer surfaces
of the gearbox housing and engine block were very expressive noise emitters under running conditions,
especially at individual resonant frequencies of the structure. So that the spectral and modal properties
of the gearbox housing structure were being taken into account. This paper presents an experimental
study of these spectral and modal properties of the passenger car gearbox housing and their influence to
the total noise level.

1 - INTRODUCTION

The acoustic pressure field in the acoustic space is unambiguously determined by vibrations of the gearbox
housing and engine block structure. Each mode shape of this structure, according to the intensity of its
excitation during running, contributes then by its noise in different measure to the total noise which is
emitted from the whole system.

Experimental and computer analyses were used for identification of the most significant causes of the
higher noise level. We will pay attention to the experimental analyses in this written paper only.

2 - OPERATIONAL NOISE OF THE GEARBOX

The scheme of the mechanical passenger car gearbox is presented in Fig. 1. Higher operational vibrations
of individual parts of the gearbox structure increase the total noise level.

Fig. 2 shows Campbell diagram of the acoustic pressure levels of noise spectrum emitted from the back
wall of the gearbox within a 1m from this wall when the 4'"(P = 4) gearbox ratio was engaged. The
noise spectra were measured at individual admission shaft revolution in the range of (1000 — 5000) rpm
with step of 50 rpm. The dynamic range of the acoustic pressure level is from 44 dB (white points) up
to 84 dB (black points).

There are obvious the dominant contributions of the frequency components at the mesh frequencies of
both engaged and constant gears from this diagram — see the inclined black lines.

From these characteristics it is also obvious that more noise sources contribute to the total noise level at
various frequencies. These sources however contribute at individual constant frequencies — see vertical
blur lines in the diagram. These frequency components are not changed with the admission shaft rotation
change. These frequency components are the natural frequencies of the whole structure of the gearbox
housing and the engine block.

In Fig. 3 is presented the tracking diagram of the gearbox noise level within driving moment of 40 Nm,
total noise level of 99.4 dB. There are main contributors presented to the vibrations and the gearbox
noise — the mesh frequencies of the engaged and constant gears. The engaged gear contributes to the
total noise level more up to approximately 3500 rpm to the opposite of the constant gear. Individual
noise levels courses have local maxima and minima. So that this characteristics also confirm the influence
of the resonant phenomena of the gearbox and engine block structure.
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Figure 1: Scheme of mechanical gearbox.

3 - NOISE SOURCES IDENTIFICATION

The noise sources are vibrating outer surfaces of the structure. The maps of acoustic intensity distribution
under different operation conditions (gearbox speed engaged, the shaft revolution, the torsional load of
the shafts, direction of the shaft revolution change) were measured. The total acoustic intensity levels
were measured in the frequency range (200 — 4000) rpm and also in individual 1/3 octave bands for the
purpose to identify the most significant noise emitters on the outer housing surface.

4 - SPECTRAL PROPERTIES OF THE STRUCTURE

The spectral and modal properties were evaluated by means of harmonic excitation of the housing
structure and both driving and driven shafts. There were identified the structure modes that the most
contribute to the total noise level.

In Fig. 4 measured mode of vibration of the gearbox and engine block housings is presented at the
natural frequency 445 Hz. There are figured nodal lines and isolines of the constant amplitude vibrations
of the corresponding mode. From this mode it is possible to identify the areas that vibrate the most
expressively — noise emitters.

The vibrations both of the driving and driven shafts are the causes of the gear mesh condition changes
of individual gears. These vibrations cause the impacts in the system with the spectrum in a very wide
frequency band.

5 - CONCLUSION

On the basis of the measured results presented above we can state that the two main dynamic problems
are the causes of higher noise energy emitted from the outer gearbox housing and engine block. The basic
problem is given by the bad gear mesh conditions of the gears (bad teeth geometry and their technology).
The second important problem is occurrence of the resonant phenomena of the gearbox housing during
operational regimes. In order to suppress acoustic resonant peaks it is convenient to introduce higher
damping in the structure.
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Figure 3: Tracking diagram of the gearbox noise.
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Figure 4: Mode of vibration of the structure at natural frequency 445 Hz.



