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A set of sound power assessments was performed to determine measurement precision in specified con-
ditions by the comparison method in a reverberation room with a fixed position array of six microphones.
Six blenders (or mixers) and, complementary, a reference sound source were the noise sources. Five or
six sound power calculations were undertaken on each noise source, and the standard deviation (sr) was
computed as “measurement precision under repeatability conditions” for each octave band from 125 Hz
to 8 kHz, and in dB(A). With the results obtained, values of sr equal 1.0 dB for 125 Hz and 250 Hz,
0.8 dB for 500 Hz to 2 kHz, and 0.5 dB for 4 kHz and 8 kHz. Those can be considered representative as
sound power precision for blenders according to the measurement method used. The standard deviation
of repeatability for the A-weighted sound power level equals 0.6 dB. This paper could be used for house
or laboratory tests to check where their uncertainty assessment for sound power determination is similar
or not to those generated at the National Metrology Institute.
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1. Introduction

All over the world, noise labelling programs of
household appliances have been carried out (for in-
stance EEC, 1986; CONAMA, 1994; HSE, 2001; EPD-
HK, 2006; NSW, 2010). The basic aim of this kind
of programs is to reduce overall environmental noise
as a step to improve population’s quality of life. In
general, noise reduction is achieved indirectly as long
as a typical labelling program only informs customers
about the noise emitted by an appliance. In most cases,
this is done showing its A-weighted sound power level,
without imposing any restriction to its commercialisa-
tion. Considering that customers have enough informa-
tion about noise and its implications to human health
and comfort, silent products will be more acceptable
by them than the noisier ones. It could, hopefully,
lead manufactures to reduce the noise emission of their
products, in order to let them be more competitive.
On the other hand, once a labelling program is

mandatory, a manufacturer could use the label as
a marketing tool in case this product has a low-
level value declaration. As a common rule (IEC, 2006;
ABNT, 1998b; Jonasson, Stenhoff, 1992), the level

to be declared to a household appliance model is the
mean sound power level of some specimens (at least 3)
plus an additional amount. This additional amount
has the purpose of expressing a reliable value for dec-
laration that shall cover a large range of specimens
(more than 95% is desirable). It takes into account
some eventual deviation in its production (as long as
only few appliances are tested), and the lack of preci-
sion to estimate the sound power output of the noise
source (household appliance, in this case), mostly due
to the uncertainty of the method and intra- and inter-
specimens sound output fluctuation during a short or
long term experiment.
The amount to be summed that was referred is de-

rived, in a wide sense, from uncertainty. The lowest
the amount to be summed, the lowest will be the value
to be labelled for a given sort of sound source. Only
with uncertainty data completely described it is possi-
ble to prevent overestimation while keeping reliable la-
belling values. A necessary step towards that objective
is to assess as comprehensive as possible the measure-
ment precision of a specific kind of sound source under
consideration (Batko, Stępień, 2014; BIPM, 2008).
Throughout this text, “measurement precision” and
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“specified conditions” will be used as defined in the in-
ternational vocabulary of metrology (BIPM, 2012), in
its item 2.15. The specified conditions for experiments
carried out in the work presented herein were as close
as possible to repeatability, as the same devices were
used in all measurements performed by the same oper-
ator and the same instrumentation and reverberation
room. However, mainly due to mounting of the sys-
tem and because all measurement took more than 10
days to be concluded, one could argue that repeatabil-
ity conditions were not achieved. To use reproducibil-
ity, some specified conditions need to be more prop-
erly determined. Reproducibility would be a specified
condition more properly considered. Even so, the def-
inition of “measurement precision” from the interna-
tional vocabulary of metrology applies (BIPM, 2012),
and “specified condition” as described further is to be
considered.
There is a huge amount of literature on repeatabil-

ity and reproducibility of the determination of sound
power, such as in anechoic or hemi-anechoic cham-
bers (Payne, Simmons, 1996; 2000; Payne, Hanes,
1993; Hanes, 1992) and as in reverberation rooms
(Vorländer, Raabe, 1995; Lubman, 1974). Com-
parisons between intensity and pressure methods have
also been studied (Massacesi et al., 1997; Paris,
Tabuenca, 2000). Some parameters that could be
used in intermediate steps of sound power determina-
tion, depending on the method adopted, have been in-
vestigated with respect to repeatability (Vorländer,
Bietz, 1994; Lundeby et al., 1995).
Despite the existing literature on this subject is

vast, some specific noise sources remain unstudied,
or at least in some cases their sound power preci-
sion was not evaluated. To fully determine the uncer-
tainty in sound power assessment of a given source,
it is necessary to use information obtained statisti-
cally, e.g. on repeatability and reproducibility (BIPM,
2012; ISO, 1985; 1994a). The main goal of this pa-
per is to report some findings obtained in a study of
sound power assessment of household appliances un-
der specified conditions. The measurand considered in
the present work is sound power of a specific kind of
sound source, namely blenders (or mixers). The influ-
ence variables were kept the same throughout the mea-
surement scheme to assure repeatability conditions as
close as possible. With the results presented herein, it
is possible to estimate more precisely the sound power
emission uncertainty for this type of noise source. This
work complements a contribution to this subject pre-
viously presented (Costa-Felix, 2006).

1.1. Brazilian noise-labelling program

Noise labelling of all models of mixers and blenders
commercialised in Brazil became mandatory after na-
tional regulation (CONAMA, 1994), following a prede-

termined sequence of different types of household ap-
pliances. The value to be declared is the (arithmetical,
not energy based) mean sound power level of 3 ran-
domly sampled specimens, in dB(A), plus 3 dB(A),
which shall correspond to a statically maximum ex-
pected power variation of all appliances of that model,
with a probability of 95%. The value of 3 dB(A) to
be summed was not determined after a specific series
of experiments, but it was chosen as an overestimated
assurance of the 95% reliability for the declared value.
Sound power level assessments shall be done ac-

cording to the Brazilian standards (ABNT, 1997;
1998a), which were based on the engineering-grade
ISO standards (ISO, 1994b; 2010a; 2010b) and specific
test codes (IEC, 2010). Hemi-anechoic or reverbera-
tion chambers can be used, as well as the comparison
or the direct method. Usually, sound power is firstly
determined in 1/1 octave bands, from 125 Hz up to
8 kHz, although this is not mandatory. The final re-
sult shall be given in A-weighted sound power level.
Either a fixed array of microphones or a continuous
path for one microphone can be used.
The Acoustics Testing Laboratory of the Brazilian

National Institute of Metrology, Quality and Technol-
ogy (Inmetro) was responsible for the technical im-
plementation of the noise labelling program (Araujo
et al., 1995). A method applicable in most of the exist-
ing laboratories was chosen for implementation. In this
study, the comparison method in reverberation room
with fixed array of microphones, as outlined in an inter-
national technical standard (ISO, 2010a), was chosen.
Although it is not imperative, probably most of the
secondary laboratories adopt this method for sound
power assessment for blenders and others household
appliances.
As part of the implementation of the method, a se-

ries of experiments at specified conditions were carried
out, and, as it is the aim of this work, it is presented
further in Results. The results obtained shall not be
confused with uncertainty, but they can be used in
a full model for expression of the uncertainty in sound
power determination of mixers (Costa-Felix, 2006).
They are particularly useful for secondary laboratories
as an initial estimation of their own repeatability. It is
also interesting to notice that the “uncertainty” out-
lined in the sound power determination ISO standards
(ISO, 1994b; 2010a; 2010c) is not the uncertainty as is
presently understood (BIPM, 2012), because it deals
just with “... standard deviation of reproducibility...”
(Table 1 of ISO, 2010a) of generic noise sources.

2. Material and methods

2.1. Measurement method and specified conditions

Sound power level was determined by the com-
parison method in a reverberation room, as described
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in (ISO, 2010a). The sound pressure level inside the
room was measured with six microphones randomly
distributed, all of them more than λ/2 apart from each
other, from the ceiling, from the floor, from the noise
source and from the walls, where λ is the wavelength
of the centre frequency of the 125 Hz 1/1 octave band
(λ ∼= 1.4 m). Sound pressure level was measured in
1/1 octave band ranging from 125 Hz to 8 kHz with 64
seconds of duration for each microphone. The sound
power level was determined according to Eq. (1), as
following:

Lw = LwRSS + (Lp − LpRSS) , (1)

in which Lw is the sound power level of a specific sound
source, LwRSS is the sound power level of the reference
sound source (previously calibrated), Lp is the sound
pressure level measured for the specific sound source,
and LpRSS is the sound pressure level measured for
the reference sound source. One should be aware that
the pressure level for both the reference sound source
and the device under calibration shall be measured in
the same spot consecutively. Equation (1) shall apply
for every frequency of interest.
To every set of six spatially distributed sound pres-

sure level measurements, the energy-based mean and
the spatial standard deviation (se) for all octave bands
considered were calculated (see Eq. (2)).

se =

√√√√ 1

(Nm − 1)

Nm∑
i=1

(
Lp − Lpi

)2
, (2)

in which Nm is the number of microphones positioned
inside the reverberation chamber (Nm = 6), Lpi is
sound pressure level averaged over 64 seconds for each
microphone, and Lp is the energy-base average sound
pressure level for all 6 microphones. The spatial stan-
dard deviation se was assessed for each 1/1 octave
band of interest in this research (125 Hz to 8 kHz). It is
worth mentioning that the standard deviation was not
computed in an energy-based fashion because the pro-
cedure defined in the technical standards demands the
statistics to be done as described in Eq. (2) (Costa-
Felix, 2006).
All noise sources (blenders and reference sound

source) were positioned at the same spot on the floor
throughout all measurements. It was not necessary to
place the noise sources at more than one position be-
cause all se, for all octave bands considered, were lower
than 2.3 dB (as can be observed in Tables 1 and 2),
what complies to the technical standard under con-
sideration (ABNT, 1997). The background noise was
measured just before every set of measurements. A cor-
rection was not applied as for any octave bands the
background noise was found more than 15 dB lower
than the mean sound pressure level of each sound
source. As part of the specified condition, all equip-
ment was turned off and on between each measuring

Table 1. Maximum spatial standard deviation (se, ex-
pressed in dB) of sound pressure level measurements inside

the reverberation room in 6 measurements.

1/1 Octave band center frequency

Noise
source

12
5
H
z

25
0
H
z

50
0
H
z

1
kH
z

2
kH
z

4
kH
z

8
kH
z

Blender #1 2.2 2.1 1.2 0.4 0.4 0.6 0.7

Blender #2 1.8 1.7 0.7 0.4 0.6 0.4 0.5

Blender #3 2.1 1.2 1.0 0.5 0.5 0.4 0.7

Blender #4 2.1 0.9 0.6 1.2 0.7 0.7 0.6

Blender #5 2.1 1.4 0.4 0.3 0.8 0.8 0.4

Blender #6 0.7 1.8 0.8 0.9 0.4 0.3 0.6

B&K 4204 0.5 0.6 0.3 0.3 0.2 0.2 0.3

Table 2. Maximum spatial standard deviation (se, ex-
pressed in dB) of sound pressure level measurements inside

the reverberation room in all 1/1 octave bands.

Measurement Id

Noise
source

M
ea
s.
#
1

M
ea
s.
#
2

M
ea
s.
#
3

M
ea
s.
#
4

M
ea
s.
#
5

M
ea
s.
#
6

Blender #1 2.2 1.6 1.5 2.2 1.7 2.1

Blender #2 1.1 1.0 1.6 1.7 1.7 1.8

Blender #3 1.7 2.1 2.0 2.1 2.1 2.1

Blender #4 0.9 2.0 2.1 1.2 1.1 2.0

Blender #5 1.3 1.2 1.4 1.2 1.4 2.1

Blender #6 1.0 1.2 1.8 0.8 1.3 n.a.

B&K 4204 n.a. 0.5 0.6 0.5 0.5 0.5

sequence, and the same operator conducted all mea-
surements.
Before and after a whole measurement, the electri-

cal gain of the measurement setup was observed and
adjusted (if necessary) by the aid of a sound calibrator.
Between two sets of sound pressure data acquisition,
the atmospheric conditions (temperature, relative hu-
midity, and static pressure) were recorded.
Six blenders, each one of a different model,

were used in the experiment, named Blender #1,
Blender #2, etc. Complementary, and for illustrative
purpose, a reference sound source was also used as
noise source, and its sound power was determined by
the comparison method. For each of the seven noise
sources (six blenders and a reference sound source),
sound power was calculated up to six times. All mea-
surements were performed within ten days by the same
operator and with the same measurement system to
guarantee repeatability conditions as close as possible.
To quantitatively express the repeatability, the stan-
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dard deviation sr, as defined in Eq. (3), was calcu-
lated

sr =

√√√√ 1

(Nrep − 1)

Nrep∑
i=1

(
Lw − Lwi

)2
, (3)

in which Nrep is the number of times the sound power
was determined in repeatability conditions (Nrep = 6
in this experiment), Lw i is sound power level for each
repetition, and Lw is the energy-base average sound
power level for all 6 repetitions. The repeatability
standard deviation sr was determined for each sound
source.
For each 1/1 octave band, the maximum, mini-

mum, and average standard deviations (sr) were com-
puted for all sound sources in this research. The for-
mulae to compute the average standard deviation are
disclosed in Eq. (4)

sr =

Nsource∑
i=1

(sri)

Nsource
, (4)

in which Nsource is the number of sound sources used
in this research (Nsource = 6, i.e., 6 blenders were
used in the experiment), sri is the standard deviation
of repeatability for each sound source, as computed
in Eq. (3). The reference sound source power values
were not computed, as they differ significantly from
the blenders output sound power.
Before the first measurement, all blenders worked

for at least 10 minutes for electrical and mechani-
cal conditioning. During the test, blenders’ containers
were filled with 2/3 of their total volume with water.
The water temperature should be between 15◦C and
25◦C at the beginning of the test, and the final tem-
perature should be less than 50◦C. All appliances were
tested at 127 V ± 1%, and 60 Hz AC. The testing pro-
cedure presented above fully complies with all stan-
dardised requirements (ABNT, 1997; 1998a).

2.2. Facilities and measurement system

Sound pressure levels’ measurements were carried
out in a reverberation room with volume of 196.0 m3

and total superficial area of 208.3 m2. Before the ex-
periments started, the qualification of the room was
performed to each noise source as stated in (ISO,
2010a), Subsec. 4.3. The requirements for that qual-
ification comprise the volume (> 40 m3), the absorp-
tion coefficient (< 0.20 for all octave bands of interest),
and the volume of the sound source shall be less than
1% than the total volume of the reverberation room.
The reverberation room where the measurements were
performed has an internal volume > 40 m3, and the
maximum volume of the sound sources weas less than
0.04 m3, i.e., less than 0.02% of the room’s volume.

Sound absorption measurements were previously con-
ducted in the reverberation room, and there it was less
than 0.05 for frequencies above 1 kHz and less than
0.10 for frequencies between 125 Hz and 1 kHz.
Six microphones type 4134, six pre-amplifiers

type 2619, a multiplexer type 2811, and a frequency
analyser type 2133 (all equipment from Brüel & Kjær,
Denmark) made the measurement setup.
A reference sound source type 4204 (Brüel & Kjær,

Denmark) was used as sound power standard and a
type 4228 (Brüel & Kjær, Denmark) piston phone was
used for acoustic calibration. Rotation of the reference
sound source was observed with a stroboscope type
1546 (GenRad, USA), and the atmospheric conditions
were recorded with a thermo-hygrometer type MTH-
1360 (Minipa, Brazil) and a barometer type UZ0003
(Brüel & Kjær, Denmark). All equipment had been
calibrated less than two years before the complete ex-
periment was finished.

2.3. Environmental conditions

The technical standard (ABNT, 1997) presents lim-
its to environmental conditions, which are reported
at Table 3. Another international technical standard
(ISO, 2010a) is not very objective with respect to fluc-
tuation of atmospheric parameters, as stated in its
Subsec. 4.5.

Table 3. Environmental conditions limits,
according to (ABNT, 1997).

Range

Temperature [◦C] 15 to 30

Relative humidity [%] 30 to 70

Static pressure [mbar] 860 to 1060

Although it is not a requirement (ABNT, 1997), re-
strictions imposed by the international standard (ISO,
1994b) were adopted to evaluate if temperature and
humidity variations during the experiment were signif-
icant or not. The maximum allowed variation of the
relation r.h. × (θ + 5◦C), in which r.h. is the relative
humidity expressed in percentage and θ is the tem-
perature expressed in degrees Celsius, is 10% within
a single measurement (ISO, 1994b). The variation of
this relation was evaluated for inter-measurements at-
mospheric conditions. In Table 4, maximum and min-
imum values of temperature, relative humidity, and
static pressure observed during all measurements are
shown, as well as the maximum, minimum, and per-
centage variation of the stated relation. During a sin-
gle measurement, the variations were less than 1◦C in
temperature, 1% in relative humidity, and 1 mBar in
static pressure.
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Table 4. Measurements environmental conditions, in 5 or 6 measurements, where r.h. is the relative humidity
expressed in percentage and θ is the temperature expressed in degrees Celsius.

Temperature
[◦C]

Relat. humidity
[%]

Static pressure
[mbar]

r.h.× (θ + 5◦C)

Min. Max. Min. Max. Min. Max. Min. Max. variation∗

All sources 24 26 57 61 1010 1013 1740 1800 3.4%
∗ variation = 100*[(Max. – Min.) / Min.]

3. Results

The results are presented as standard deviation of
repeatability (sr). Table 5 shows sr for each blender
and for each 1/1 octave band considered, as well as
the arithmetic mean (sr). In Table 5 the resulting fig-
ures are shown with one or two digits after the coma.
Figure 1 depicts maximum and minimum standard de-
viation values, as well as the energy-based average dis-
closed in Table 5 for all frequencies and for dB(A).
One shall consider the numbers and curves presented

Table 5. Standard deviation of repeatability for each blender (sr) and energy-based mean standard deviation (sr),
expressed both with 1 and 2 figures in dB.

Freq.
[Hz]

Blender #1 Blender #2 Blender #3 Blender #4 Blender #5 Blender #6 sr

125 2.1 (2.08) 0.4 (0.44) 1.6 (1.55) 1.0 (1.02) 1.6 (1.63) 0.4 (0.43) 1.2 (1.21)

250 2.0 (1.99) 1.3 (1.32) 0.7 (0.73) 1.1 (1.07) 0.5 (0.49) 0.6 (0.57) 1.0 (1.04)

500 1.3 (1.28) 0.4 (0.36) 0.5 (0.46) 1.2 (1.16) 1.0 (1.03) 1.2 (1.23) 0.9 (0.93)

1000 0.9 (0.94) 0.6 (0.59) 0.3 (0.27) 1.2 (1.24) 0.8 (0.80) 0.9 (0.91) 0.8 (0.80)

2000 0.3 (0.35) 0.6 (0.56) 0.3 (0.31) 0.6 (0.63) 1.4 (1.41) 0.6 (0.59) 0.7 (0.65)

4000 0.6 (0.62) 0.9 (0.92) 0.5 (0.48) 0.4 (0.39) 0.3 (0.26) 0.4 (0.43) 0.5 (0.52)

8000 0.6 (0.62) 0.4 (0.41) 0.7 (0.70) 0.4 (0.42) 0.4 (0.45) 1.2 (1.20) 0.6 (0.63)

dB(A) 0.6 (0.55) 0.5 (0.50) 0.2 (0.19) 0.7 (0.70) 0.9 (0.93) 0.5 (0.45) 0.6 (0.56)

Fig. 1. Maximum (�), minimum (�), and energy-based mean sr (N) of all blenders.

in Table 5 and Fig. 1 as illustrative of possible results
of a repeatability study, but not as a standard or rule,
and it should be used carefully. Also, the lower val-
ues for standard deviation at higher frequencies could
be explained by the fact that they are averaged over
a wider band.
Standard deviation in those specified conditions for

the reference sound source was less than 0.1 dB (be-
tween 0.05 and 0.09) for all octave bands, including
in dB(A). As it is not similar to blenders’ results, it
was represented neither in Table 5 nor in Fig. 1.
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4. Discussion

Measurement precision assessment, as internation-
ally defined (BIPM, 2012), is a necessary step towards
a full uncertainty declaration. Naturally, it depends
on many factors, including instrumentation and oper-
ator’s ability and experience. Nevertheless, the results
stated herein could be used for any secondary labora-
tory as a guide when they are preparing their uncer-
tainty budget. Of course, it is not the ultimate result
concerning the subject, but a fruitful source of infor-
mation, instead.
Figure 1 and Table 5 are the most important results

to be considered. It is clear that a general rule or for-
mula would not be useful to sound power levels preci-
sion determination for a particular sound source. Even
in a single source type, blenders in this case, spread
of standard deviation can be found. Repeatability of
power determination is affected by sources like the ge-
ometry of the sound source, spectral components in
its noise emission, noise coupling to measurement en-
vironment, or even measuring system’s characteristics.
All their effects are experimentally proved. Neverthe-
less, a general behaviour as can be observed in Fig. 1,
is a trend to lower standard deviation at higher fre-
quencies for this particular sound source. One possi-
ble reason is that the reverberation room used pro-
duces a better coupling with blenders at higher fre-
quencies. It is important to stress, however, that the
reverberation room used was qualified according to
international standards (ISO, 1994b; 2010a) for the
measurement, even for frequencies as low as 100 Hz.
An exception was found in blender #5. This device
has a remarkable high standard deviation for 2000 Hz,
what could be related to a particular prominent fluc-
tuation in its sound power emission in that frequency
if compared with other blenders. However, regarding
power spectra, no strange peak for that blender has
been found. As measurements were done in 1/1 oc-
tave band, an eventually high pure tone could have
been averaged, consequently hiding and losing impor-
tant information. Once more, it reinforces the neces-
sity of determination of measurement precisions (un-
der repeatability and reproducibility, if possible) for
each and every sound source prior to a complete un-
certainty calculation regarding sound power emission.
For instance, blender #5 would present a larger uncer-
tainty at 2000 Hz than the other appliances measured
for this work.
Comparing the uncertainty expression previously

presented (Costa-Felix, 2006), one can observe that
both uncertainties sources (Type B and measurement
precision) are of the same magnitude, mainly above
500 Hz. So, differently from what was considered in
former times, both sources of uncertainty should be
taken into account for a better uncertainty assessment.
Hence, Sound Power Level assessment of household ap-

pliances can be more precise with respect to values
used for labelling purposes, after the work presented
in this paper.
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