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ABSTRACT

Sound power level is a measure of the total noise emission from operating equipment and a useful information for
equipment manufacturers, buyers, installers and acousticians. In-site determination of sound power levels of operat-
ing equipment is normal practice in many consulting projects. In this paper, in-situ measurement of sound power lev-
els of earth-moving equipment is of concern. Results presented are typical and selected from the SVT database col-
lected for different consulting projects. Results indicate that the 4-point method gives similar results as the 1SO
method but it has the advantage of time and cost effective, and easy to implement in practice. The MDG-15 method
gives lower values compared with the 4-point method. Noise emission from equipment under dynamic (drive-by)
conditions is lower than under stationary (high idle) conditions, and could be affected by loading or road conditions.
For environmental modelling, it is suggested that the sound power levels input to noise models for mobile equipment
should be measured under drive-by conditions rather than under high-idle conditions.

INTRODUCTION

Sound power level is a measure of the total noise emission
from operating equipment and used in:

e comparing the noise output from different equip-
ment,

e evauating the effectiveness of noise control meas-
ures on the same equipment,

e rating (Iabelling) noise output of equipment, and

e quantifying noise sources for environmental as-
sessment on the proposed operations such as min-
ing or constructions.

Different measurement methods have been proposed and
some of them have been standardized [1,2]. The accuracy of
a measurement method is always of concern. For acoustic
consultants, however, feasibility, time and cost effectiveness
a so needs to be considered.

SVT has undertaken many in-situ sound power measure-
ments of earth-moving equipment during the consulting ser-
vices. This paper presents the typical results selected from the
SVT database. It is not the intention of the author to disqual-
ify one method from another. The aim of this paper is to
share SVT experience and to attract the attentions from aca-
demic researchers and acoustic consultants to work on accu-
rate, time-effective and practica methods for in-situ deter-
mining sound power levels of earth-moving equipment under
different operation conditions.

MEASUREMENT OF SOUND POWER
LEVELS

The A-weighted sound power level, Ly, in dB(A) can be
calculated using the following eguation (ISO 6393:2008)(
1SO 6395:2008):

Lwa = (Lpaeq — K) + 10l0g10(5S) (1)

where Laeq 7 IS the equivalent continuous A-weighted sound
pressure level averaged over the measurement surface, K is
the environmental correction factor in decibels, S is the area
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of measurement surface and S;=1 m. The correction factor X
isnormally negligible for field measurements.

The accuracy for the estimation of sound power levels de-
pends on the accuracy of measurement on Lyaeqt. Several
methods are available for the measurement of Lpaeqr.

1ISO 6393

ISO 6393 details the test code for measuring Lyaeqr ON earth-
moving equipment under stationary conditions. Six meas-
urement positions are specified as shown in Figure 1. Risthe
radius of the measurement surface (hemisphere) and it de-
pends on the size of tested equipment.

Figure 1. Microphone array on the measurement surface
(hemisphere).

4-Point Method

Positions 5 and 6 are more than 11m above the ground for
most earth-moving equipment. It is not possible for using a
pole to locate microphones at these two positions. Measure-
ments at positions 5 and 6 require lifters such as cherry-
pickers. To make the measurements time and cost-effective
and easy to implement under field conditions, SVT has stud-
ied the level difference (error) if data at positions 5 and 6 are
excluded from the calculations of Lyaeqr. Results indicated
that the calculated L paeqr USING the data obtained at positions
1 to 4 (4-point measurements) is usually lower than that cal-

1



23-25 November 2009, Adelaide, Australia

culated using the data obtained at positions 1 to 6. However,
the overall level difference is less than its 95% standard de-
viation for most cases.

MDG-15

Another measurement method (described in a document sup-
plied by BHP Billiton for one of SVT consulting projects)
was proposed for measuring Lpae,t ON earth-moving equip-
ment under stationary conditions by BHP at Hunter Valley
Coal. This method involves the following steps:

e  Locate the acoustic centre for the operating earth-
moving equipment.

e Mark a measurement circle centred at the acoustic
centre with the radius of R=L+H/2 where L is the
length of the tested equipment and H is the height.

e  Set the microphone to be haf the height of the
tested equipment or 4m whichever issmaller.

e Record the equivalent continuous sound pressure
levels by walking along the marked circle (twice)
in clockwise and anti-clockwise directions.

Drive-by Test

1SO 6395 details the test code for measuring L paeq ON €arth-
moving equipment under dynamic conditions. This meas-
urement method requires (simultaneous) recording of six
signals at six locations, as shown in Figure 1. This method is
very difficult to implement in the field conditions. To make
the measurements time and cost-effective and easy to imple-
ment under field conditions, SVT has developed a simpler
procedure for measuring Laeq @t two locations, as shown in
Figure 2 where A and B are the microphone locations. The
distance droved during recording period should be greater
than 20m. R is calculated in the same rules as in Figure 1
(1SO 6393:2008)( 1SO 6395:2008).
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Figure 2. Microphone locations for drive-by tests.

MEASUREMENT RESULTS

The results presented in the following figures are the average
over 3 sets of recording data, ie. 3 measurements were taken
at each location, except for MDG-15 which requires two
measurements (in clockwise and anti-clockwise directions)
only. Sound Level Meters were calibrated before and after
the measurements. Correction of background noise has been
made for each measurement data. The correction factor is
neglected (K=0) in the calculations.
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Figure 3 shows the sound power levels measured on the same
equipment under stationary (high idle) conditions using the
1S06393 (6-points) method and the 4-point method respec-
tively. Figure 4 shows the level difference between the two
results in Figure 3 and the 95% standard deviation of the
results measured using the 4-point method. It is shown that
the 1SO6393 method gives a similar spectrum shape but
dlightly higher value than the 4-point method at frequencies
above 250Hz and with an overall (A-weighted) level differ-
ence of 0.8 dB(A). The level difference between two meas-
ured values is smaller than the 95% standard deviation at all
frequencies. This indicates that the results measured by the
1SO6393 (6-points) method fall inside the 95% confidence
interval of the results obtained by the 4-point method.
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Figure 3. Sound power levels measured under stationary
(high-idie) conditions.
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Figure 4. 95% standard deviation for the 4-point method and
thelevel difference.

Measurements on other equipment showed similar results
that the 4-point method gave lower values and the overall A-
weighted level difference ranged from 0.2 to 2.2 dB(A).

Figure 5 presents the sound power levels measured on the
same equipment using different methods. It is shown that the
4-point method gives a similar spectrum shape but (1.3dB)
higher estimation than the MDG-15. The noise emission from
an equipment under dynamic conditions (drive on aflat com-
pact ground) is much lower than that under stationary (high
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idle) conditions. Figure 5 presents a typical case from the
SVT database, where the overall A-weighted level difference
between the results measured using the 4-point method and
MDG-15 ranges from 0.5 to 2.8 dB. The A-weighted sound
power level of atruck under drive-by conditionsis 3.2 to 6.9
dB lower than that under high idle conditions
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Figure 5. Sound power levels measured on the same earth-
moving equipment.

Noise emission from a driving haul-truck also depends on the
road and loading conditions. Figure 6 presents the sound
power levels measured on a fully loaded haul truck driving
on different road conditions, ie flat compact ground, uphill
and downhill. It is shown that the truck radiated highest noise
when driving uphill, and the lowest noise when driving on
flat ground.
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Figure 6. Sound power levels measured on a haul truck driving
on different road conditions.

Figures 7 and 8 present the sound power levels measured on
a haul truck with and without loads driving downhills and on
a flat ground. When driving downhills, the unloaded haul
truck radiated higher noise than the fully loaded truck. When
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a haul truck travels on a flat compact ground, its loading
conditions have little impact on its noise emission.
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Figure 7. Sound power levels measured on a haul truck
driving downhill with and without loaded.
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Figure 8. Sound power levels measured on a haul truck driv-
ing on aflat ground with and without |ocaded.

ENVIRONMENTAL MODELLING

Noise models have been created using SoundPlan 6.4 for a
mine site. The day-time mining activities involved the opera-
tion of 16 mobile equipment, 2 booster pumps and one pit
diesel dewatering pump. To calibrate the noise models, spot
measurements were undertaken at 9 mine-site boundary loca-
tions on a calm sunny day between 1:30pm and 4:00pm.
Table 1 presents a comparison between noise levels measured
and predicted using the sound power levels estimated from
the tests on the mobile equipment under drive-by and high-
idle (stationary) conditions. A positive level differencein the
table means that the measured noise level is greater than the
predicted. This table indicates that a better agreement is
achieved between the measurements and predictions if the
sound power levels were estimated from the data obtained
under the drive-by (dynamic) conditions.
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Sound Power Estimated For M obile Equipment
Boundary ) . o ] .
] M easur ed Under Drive-by Conditions Under High-idle (Stationary) Conditions
L ocations
Predicted Difference Predicted Difference
B1 437 4.1 -0.4 47.1 -3.4
B2 47.6 45.3 2.3 48.1 -0.5
B3 46.8 47.6 -0.8 50.5 -3.7
B4 453 457 -0.4 48.3 -3.0
B5 439 44.6 -0.7 47.2 -3.3
B6 46.0 45.6 0.4 48.0 -2.0
B7 437 413 2.4 449 -1.2
B8 44.6 423 2.3 46.1 -1.5
B9 439 421 18 45.2 -1.3

Tablel. Measured and predicted noise levelsin dB(A)

CONCLUSIONS

This paper presents the measured sound power levels of
earth-moving equipment using four methods under field con-
ditions. The results are selected from the SVT database col-
lected for different consulting projects.

Under stationary (high idle) conditions, the I1SO (6-point)
method and the 4-point method give similar results. The 4-
point method has the advantages of time and cost effective,
and easy to implement in field conditions. The MDG-15
method gives lower values compared with the 1SO method
and the 4-point method. The reasons are not discussed here.
However, SVT measurements indicated that the agreement
became better between the MDG-15 and 4-pintr methods if
radius R in the MDG-15 method was the same as the 1SO
method.

Noise emission for earth-moving equipment under driving
conditions is much lower than under high idle conditions.
The sound power levels input to noise models should be es-
timated from the data measured under drive-by conditions.
This is because few equipment are operating under high idle
(stationary) conditions during mining operations. The sound
power measured under stationary conditions may be used to
rate (label) the maximum noise emission of equipment, but it
does not represent the actual noise emission from its normal
operations.

Noise emission from adriving haul truck depends on the road
and loading conditions. An uphill driving truck radiates
higher noise than a downhill driving truck. An unloaded truck
rediates higher noise than a fully loaded truck when driving
downhills, but similar noise as a fully loaded truck when
driving on flat ground.

DISCUSSIONS AND FURTHER STUDIES

The drive-by method is developed by SVT based on the ISO
6395. The accuracy of this method is not assessed yet. The
errors associated with the drive-by method need to be studied
under laboratory (controllable) conditions, and if bias errors
exist, corrections should be made to field measurement data.

The MDG-15 method was designed for measuring noise
emission from earth-moving equipment under field condi-
tions. SVT results indicate that this method produces consis-
tent lower estimation of sound power levels. Study is needed
to analysis the errors associated and to assess the accuracy of
this method.
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