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Abstract: The paper deals with analyses and diagnostics sound sources of wheel loader. A unique acoustic camera
measuring tool was used for the measurement. Noise visualization tool - acoustic camera is taking an image of the
noise emitting object. At the same time are exactly computed by the special developed software sound map and
combines the acoustical and the optical images of the sound source. Results of noise visualization enable
diagnostics of critical components and provide background for constructors for noise reduction measures. The
paper is focused on the identification and localization of wheel loader noise sources. Measurements were made to
identify the dominant sources of wheel loader noise in order to reduce wheel loader emissions. The created acoustic
images of the wheel loader and its parts serve together with the frequency analysis as a basis for further analyzes.
Based on these analyzes, the components that causes excessive noise will be identified. The aim of the performed
measurements was to point out the critical components that need to be focused on when making adjustments to
reduce noise.
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1. INTRODUCTION
For the diagnostics purposes and analysis and for the identification and localization of noise sources, a unique
device for noise visualization - an acoustic camera - was used. This modern tool is suitable for complicated
measurements of large noise sources for the purpose of their identification and subsequent quantitative and
qualitative analysis [1,2].
The set of devices forming the acoustic camera is a revolutionary solution for the spatial localization of noise
emissions with their quantitative evaluation and frequency analysis in dynamic mode. The amount of
information obtained and analyzable is incomparable with all the methods used so far, which consisted in
measuring noise emissions around the source, the number of measurement points is considerably limited. The
acoustic camera offers the possibility of perfect frequency analysis of noise sources at a distance of 1 meter to
several tens of meters. The supplied software equipment can effectively locate noise sources, perform
qualitative and quantitative analysis and thus create a basis for measures to reduce noise emissions.
The whole measurement and subsequent analysis is characterized by [3,10]:
high accuracy,

= high speed,

= dynamic mode of work,
high efficiency,
clear processing of results (color noise maps, videos, sound recordings).
2. MEASUREMENT PROCESS
The measurements were performed outdoors on a flat reflective asphalt surface. A view of the wheel loader
and the installed acoustic camera is shown in Figure L.

Figure 1. Wheel loader and installed acoustic camera
Noise sources visualization measurements of the wheel loader were performed with an acoustic camera. This
device visualized all the most significant sources of noise. Spectral analysis of these sources was also
performed to better understand the character of noise sources [6,7].
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Measurements were made focusing on the front loader as a whole from all sides. Subsequently, measurements
were performed with a focus on the drive system with the wheel loader uncovered from several sides and
when lifting the bucket. The passing of the wheel loader from two sides were also visualized. Measurements
were performed at an engine speed of 2500 rpm. All critical acoustic events were captured during the
measurements. Measurements were also performed with a sound analyser to record other acoustic descriptors
[4,5,]. Selected measurements are presented in the paper.

3. RESULTS OF NOISE VISUALIZATION MEASUREMENTS

The following images present selected results of measurement and visualization of the dominant noise sources
of a wheel loader. The results of the visualization are presented in real images, in some cases, they are shown
in outline format for better display. For each measurement, a spectrogram was made, from which it is clear
which frequencies are dominant. Acoustic images were created for the entire frequency spectrum and, if
necessary, on the basis of information from the spectrograms for individual dominant frequencies.

In Figure 2 presents the results of noise visualization in a side view of a wheel loader.

Figure 2. Noise visualization in whole frequency spectrum - side view
In Figure 3 is a noise spectrogram from the side view measurement. The dominant frequency areas are evident
from the spectrogram. Subsequently, it is possible to create acoustic images at these frequencies, from which
it will be clear from where the sound of a given frequency is emitted [8,9].
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Figure 3. Noise spectrogram - side view
In Figure 4 presents the results of noise visualization in measurements focused on the drive mechanism of a
wheel loader.

Figure 4. Noise visualization in whole frequency spectrum - drive unit
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In Figure 5 is a noise spectrogram acquired during the measurement of drive unit. The dominant frequency
areas are evident from the spectrogram.
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Figure 5. Noise spectrogram - drive unit
Subsequently, based on the spectrogram, dominant frequency areas were identified. Acoustic images have
been generated for these frequency bands, which locate and identify sound emission with the appropriate
frequencies. In Figure 6 and 7 shows sound emissions at frequencies 291, 540 and 831 Hz.

201 Hz 540 Hz

831 Hz
Figure 7. Noise visualization for selected frequency bands 831 Hz

4. CONCLUSIONS

Noise visualization makes it possible to diagnose critical points in terms of noise emissions. The application
is especially suitable for complicated noise sources. The result of the visualization is an acoustic image from
which it is possible to identify and locate critical points. It is also possible to perform a quantitative and
qualitative analysis of partial noise sources. It is possible to identify dominant frequencies from spectrograms
and by creating acoustic images it is again possible to locate components that emit given frequencies.

During the wheel loader measurements, noise transfer points through the wheel loader body were identified,
and measurements were made from all four sides. The decisive source of noise is, of course, the drive unit. For
this reason, measurements were performed focusing on individual parts of the drive unit system. The noisiest
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parts of the measurements were found and the subsequent frequency analysis identified the components that
emit noise in the dominant frequency bands.

Only selected measurements are presented in the article. The implemented measurements diagnosed critical
points and components in terms of noise emissions and serve as a basis for developers and designers. Based on
these measurements, it is possible to subsequently implement measures to reduce noise (installation of
damping materials, change of the construction of the body, replacement of problem components).
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