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Introduction to Noise Measurements on Business Machines

Introduction

In recent vears, manufacturers ot

business machines, that 18 computing
and office machines, have come under
increasing pressure to provide noise
data on their products. For instance, it
is becoming increasingly common to
see nolse levels advertised, particular-
ly for printers. A number of standards
have been written governing how such
nolse measurements should be made,
namely:

DIN 45635 pt.19

ANSIT 51.29, (soon to be superced-

ed by ANSI S12.10)
ECMA 74
ISO/DIS 7779

With four separate standards 1n ex-
Istence, one might expect some con-
siderable divergence in their require-
ments. However, there has been close
contact between the various standard-

Introduction to Noise Measurement Parameters

The standards referred to 1n the
previous section call for measure-
ments of sound power and sound pres-
sure. These measurements can then be
used 1n a variety of ways, such as noise
labelling, prediction of installation
noise levels, comparison of noise emis-
sions of products, and production con-
trol.

Sound power and sound pressure
are fundamentally different quanti-
ties. Sound power 1s a measure of the
ability of a device to make noise. It 1s
independent of the acoustic environ-
ment. Sound pressure, on the other
hand, is a measure of human response
to noise. It 1s dependent on the acous-
tic environment. For instance, sound
pressure measurements in a room will
depend on the sound powers of the
various noise sources in the room, the
measurement position, the absorption
of the floor, walls, and ceiling, etc.

A frequently used analogy to ex-
plain the difference between sound
power and sound pressure concerns
installing a heater in a room (Fig.1).
The heater will have a certain thermal
output, which can be measured in
Watts, Kilocalories/ hour, B.th.U-
/hour, etc. The temperature in the
room, however, will depend on items
such as the thermal insulation, posi-
tion in the room, etc. In this analogy,
the thermal output of the heater is

by Roger Upton, B.Sc.

1zation committees 1n the pursuit of
harmonization, meaning that the stan-
dards agree with each other in the
bulk of their requirements. This appli-
cation note first discusses some acous-
tic measurement parameters, and then
the measurements required by the
various standards. Finally, it describes
some Briie] & Kjser measurement sys-
tems capable of making the required
measurements.

A A B A B 7 7 W

|

pressure p [N/m?]

Fig. 1. Comparison of sound power and sound pressure with thermal output and tempera-

tire



equivalent to the sound power, and
the temperature in the room to the
sound pressure.

Sound pressure is the easiest of ail
acoustic parameters to measure, since
it 1s only necessary to place a micro-
phone in the sound field. Sound pres-
sure 1s measured in Pascals, (1 Pa =
1 N/m?), or in dB referred to 20 uPa.
Sound power, on the other hand, re-
quires special measurement tech-
niques, and 1s measured in Watts, or
dB referred to 1pW. A third acoustic
parameter 1s sound intensity, which 1s
the flow of sound energy or sound
power flux. Special techniques are re-
quired to measure sound intensity,
and it is measured in W/m* or dB
referred to 1 pW/m".

When a noise source 1s placed in a
room, the sound field will vary as a
function of distance from the source,
(Fig.2). Close to the source, there will
be a large variation in the sound pres-
sures measured. This 1s referred to as
the near field. As we move away from
the source, there will be a region
where the sound pressure drops by
6 dB per doubling of distance from the
source. This is referred to as the free
field. Finally, we will come to a region
where reflections from the walls begin
to influence the sound pressure, which
begins to drop more slowly. This 1s
referred to as the reverberant field.

All noise measurements on business
machines are A-welghted. The A-
welghting curve 18 an Internationally
standardized frequency weighting de-
signed to approximate to the frequen-
cy response of the healthy human ear.
It 1s shown 1in Fig.3.

Near Field

A
Y
A

A Direct Sound

Far Field
| >
Free Field l Reverberant Field
Reflections

2 X machine or
one wavelength |

Distance from
Sound Source

851180

Fig. 2. Near field, free field, and reverberant field
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Measurements of Noise from Business Machines according to the various

standards

Measurement of Sound Power
The traditional method of measure-
ment of sound power 1s to place the
device under test in a known acousti-
cal environment and measure the
sound pressure, from which the sound
power can be calculated. A more mod-
ern method 1s to measure the sound

power directly using sound intensity.
At present, the standards governing
noise measurements on business ma-
chines only allow the traditional
method, although it must be expected
that as standards appear for sound
power measurements based on inten-
sity, this will be allowed as well.

The standards for noise measure-
ments on business machines allow
measurements of sound power accord-
ing to SO 3741, ISO 3742 and ISO
3744, (ANSI equivalents ANSI S1.31,
S1.32 and S1.34 respectively). ISO
3741 and 3742 require use of a quali-
fled reverberation room, that is, a spe-



cially designed acoustic test environ-
ment having very hard walls such that
as much as possible of the sound inci-
dent on them 1s reflected. ISO 3744
governs measurements of sound power
In an almost free field, whereby the
test environment can be outdoors or in
a large room.

Measurements of Sound Power
in a Reverberation Room

[SO 3741 and 3742 describe two
methods of measurement of sound
power 1n a reverberation room, namely
the “direct” method and the “substitu-
tion” method. Of these two methods,
the substitution method i1s generally
preferred by the standards for noise
measurements on business machines.

In the direct method, the device un-
der test i1s placed in the reverberation
room, and the average sound pressure
measured in the room with the device
operating. This can be achieved by av-
eraging over a number of microphone
positions, or by using a single micro-
phone mounted on a rotating micro-
phone boom. The measurement re-
quires an octave or 1/3 octave frequen-
cy analysis of the average sound
pressure, whereby the sound power of
the device can be calculated using the
equation 1n Fig.4. Note that the meth-
od also requires knowledge of the re-
verberation time of the room, (that 1s
the time taken for the sound field to
decay by 60 dB), in each octave or 13
octave, the room volume, and the
room surface area.

In the substitution method, the de-
vice under test is placed in the rever-
beration room with a reference sound
source, this bheing a calibrated sound
source having a known sound power,
and meeting the requirements of [SO
6926. T'he average sound pressure in
the room 1s then measured, as before,
in each octave or /3 octave first with
the device under test operating and
second with the reference sound
source operating. The sound power of
the device under test 1s then calculat-
ed using the equation given in Fig.5.
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Measurement of Sound Power in
an Almost Free Field

An anechoic chamber 1s an acoustic
test environment designed to produce
free field conditions. In true free field
conditions, the sound pressure and the
sound intensity are equal, meaning
that the sound power can be calculat-
ed directly from the sound pressure.
ISO 3744 allows measurement of
sound power in almost free field con-
ditions, the advantage being that a
large room can be used instead of an
anechoic chamber, hence avoiding the
extensive capital outlay required for
an anechoic chamber. Typically, a
large office can be used. Note, howev-
er, that the measurements must be
made over a reflecting plane, meaning
that the office should have a hard,
reflecting floor.

In measurements according to ISO
3744, the sound pressure 1s averaged
over a number of fixed microphone
positions on a predetermined mea-
surement surface. One such surface,
the parallelepiped or shoe-box 1s
shown in Fig.6. The sound pressures
at each microphone are measured in
octaves or 13 octaves, and then aver-
aged in each octave or 1/3 octave band
according to the equation shown.

The parallelepiped or shoe-box 1is
the preferred measurement surface for
noise measurements on business ma-
chines. For small objects, however, an
alternative surface, the hemisphere 1s
also allowed. The microphone posi-
tions for the hemisphere are shown 1n
Fig.7. Another arrangement using the
hemisphere, rapidly gaining accep-
tance, 1s to use 5 microphones on a
quarter circle, as shown in Fig.8. The
microphones are then rotated around
the device under test, or the micro-
phones are kept fixed and the device
rotated, and the average sound pres-
sure measured.

V4
| Retference
paralleliepiped

A

Measurement
surface
7 o Microphone
positions

® Additional

microphone
}_\é positions
Q
'r—rl:"n.,l
/
X
where:
Lom = The band pressure level averaged N
over the measurement surface L. = 10 log [_EI__ > 100/ Lpi]
L, = The band pressure ievel resuiting P=1
from the i-th measurement
N = The total number of measurements
851175
Fig. 6. Parallelpiped surface area according to 1SO 3744
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Fig. 7. An alternative measurement surface for measurements according to I1SO 3744
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Fig. 8. Use of the hemisphere with 5 microphones



Since the measurements are not be-
ing made in a true free field, a room
correction factor must be measured in
order to correct for the influence of
reflections from the walls, etc.. This
uses a calibrated reference sound
source of the type described earlier.
The device under test is replaced with
the reference sound source, and the
sound power of the reference sound
source 1s measured, assuming true free
field conditions, and using the same
measurement surface as for the device
under test. The room correction fac-
tor, K, in each octave or 1/3 octave, is
the difference between the measured
sound power and the sound power
read from the calibration chart of the
reference sound source, (see Fig.9).
The maximum range of values allowed
for the room correction factor, K, 15 0
to + 2dB. The sound power of the
device under test can then be calculat-

ed according to the equation given in
Fig.10, where Lp L., -K.

The room correction factor K can
also be calculated. However, this is not
usually recommended, since 1t re-
quires the measurement of reverbera-
tion times, which in an almost free
field will be very short, and hence
prone to error.
Corrections for
Noise

Where background noise levels be-
come significant, a background noise
correction 18 made. Should the back-
eround noise be less than 6 dB below
the noise from the device under test in
any octave or 13 octave, then the mea-
surement is invalid in that octave or
/3 octave. For differences of 6 dB or
greater, a background noise correction
is allowed, according to either the ta-
ble or the equation given 1n Fig.11.
Where measurements are made over
multiple microphone positions, the
background noise is measured and,
where necessary, the background noise
correction made at each microphone
position.

Background

Accuracy of Results

Fig.12 gives the maximum standard
deviations which can be expected

when [SO 3744 is followed. When ISO
3741 or 3742 1s followed, the maxi-

mum standard deviations are 0,5 dB

less in the 500 hz octave, but 0,5 dB
more 1n the 8 kHz octave.

Units of Results
Where the sound pressures are mea-

sured in dB referred to 20 uPa, then
the procedures described will give

Measurement
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Fig. 10. Calculation of sound power according to IS0 3744
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sound powers in dB referred to 1pW.
However, there 1s an increasing trend
to quote sound powers in Bels, where
10 dB =1 Bel, in order to avoid confu-
sion between sound power and sound
pressure measurements.

Reverberation room or free field
measurements, which are bet-
ter?

The advantage of sound power mea-
surements in a reverberation room is
that they are fast, and therefore can
be more economical for labelling pur-
poses. However, they require a specia-
lised test facility, and the sound pres-
sure measurements required, de-
scribed later, cannot be made In a
reverberation room.

Free field measurements of sound
power take longer than those 1n a re-
verberation room. However, the meth-
ods of ISO 3744 do not require a spe-
cialised test facility, hence saving the
considerable capital outlay involved,
(although later, a semi-anechoic
chamber might be required, especially
if background noise becomes a prob-
lem). Further, the same room can be
used for the sound pressure measure-
ments required by the standards.

Sound Power Measurements
based on Sound Intensity

Sound power measurements based
on sound Intensity offer the advantage

.pt_a‘ve band = - One- third octave band Standard deviation m the """
__ éen_tf@ f_._!""equ_enmes SR centre frequenmes """ mean v__a_l_ue g ff?f -----
e Hz ..... ~H T -
""""""""""""""" | 125 109 ta 160 : ;,i 30
e w_aﬁ. ..t._es __,4@00._ 800 to 500011— S 1 &
" e 800 SSIi‘E) te 10000 """ | 25

TO0835GE0

g 12, Standard deviations for a measurement according to 1SO 3744

that they can be made in-situ, without
the need for a specialised test facility.
Further, the background noise can be
considerably higher than the noise
from the device under test, (up to 10
to 15 dB higher), and accurate mea-
surements can still be made. Also,
sound intensity measurements can be
a highly significant tool In noise
source location during development
work.

No standards exist yet for sound
power measurements based on sound
intensity. However, they can still be
used for engineering measurements of
sound power during development
work, and also for production testing.
Further, when standardized measure-
ments of sound power are required,
the sound intensity analyzer can be
switched to its pressure mode, where-

by the methods of ISO 3741/42 or ISO
3744 can be followed. Applications of

Measurement of Sound Pressure

Where a piece of equipment 1s nor-
mally operator attended, the stan-
dards for noise measurements on busi-
ness machines require measurement
of the mean A-weighted sound pres-
sure level, L,A at the operator posi-
tion. The operator position for a
standing and seated operator 1s shown
in Fig.13. The microphone should be
orientated such that it has a flat f{re-
quency response at an angle 30° below
the horizontal pointing towards the
equipment under test.

Where a piece of equipment 1s not
normally operator attended, then the
L,A measurement is made at the by-
stander position(s). A number of by-
stander positions can be defined, at
the front, back and sides of the equip-

intensity measurements on business

machines are more fully described in
Reference [5].

Frequency Range of Measure-
ments

The frequency range for sound pow-
er measurements on business ma-
chines 1s at present 100 hz to 10 kHz.
There is much discussion, though, on
increasing this frequency range to
20 khz, since devices such as visual
display units and dot-matrix printers

can have considerable noise emissions
above 10 khz.

—» 0,250 m (=—

1,20 m

Seated operator

1,50 m

—» 0,25 m f—

Standing operator

851177

Fig. 13. Examples of microphone positions for a standing and seated operator



ment. It is left to the manufacturer to
decide how many positions are rele-
vant. The bystander position(s) are
defined similarly to the operator posi-
tion, except that they are now 1Im
from the edge of the equipment.

Where equipment 1s normally table
mounted, a standard test table,
(Fig. 14), has been defined. This 1s to
ensure that all tests are carried out on
a table having the same surface area,
and such that effects such as table top
resonances are minimised.

The sound pressure measurements
required by the standards should be
carried out in a free fleld over a re-
flecting plane, and no correction i1s al-
lowed for the presence of unwanted
reflections. Where 1mpulsive noise
and/or pure tones are audible, than in
addition to the L,A measurement, an
impulsive noise test and/or a pure
tone determination must be carried
out.

Impulsive Noise Test

The impulsive nolse test requires
the measurement of L Al the A-
welghted sound pressure level mea-
sured with an “impulse” time weight-
ing. (Impulse 1s an internationally
standardized time weighting for sound
pressure measurements, designed to
approximate to the impulse response
of the human ear). Where averaging of
the L, Al measurement is necessary,
this must be on an equal energy basis,
implying the use of an integrating
sound level meter, that 1s one which
can measure the equivalent continu-
ous noise level, L. If the sound level
meter can be set to measure L., with
an Impulse welghting instead of the

usual “fast” weighting, the result will
be equal to L Al

The 1impulsive noise test is made at
the operator and/or bystander posi-
tions. If the noise has significant 1m-
pulsive content, L., Al will be higher
than L ,A. It the difference between
the two 1s equal to or greater than
3 dB, the noise from the equipment
under test must be labelled as being
impulsive.

As mentioned previously, the 1m-
pulsive noise test implies use of an
integrating sound level meter. L A
can then be measured by setting the
sound level meter to measure L,
since this 1s equal to L,A averaged on
an equal energy basis.

Legs & braces:
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Fig. 14. Standard test table
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Fig 15, Determination of L, and L, for the pure tone determination

The Pure Tone Determination
The pure tone determination re-
quires a frequency analysis in band-
widths of less than a /10 octave of the
noise at the operator and/or bystander
positions. Where a pure tone 1is
present, (that is, there 1s a peak in the
spectrum), the two values L. and L.
are determined as shown in Fig.15.

I Af

L —-1.210-10log (T) dB

a pure tone 1s defilned as being
present, where Af is the bandwidth of
the analyzing filter, and f. 1s the
Fletcher critical bandwidth, tables of
which appear in the standards. The
noise from the device under test then
has to be labelled as containing pure
tones.



Information to be Reported

The 1nformation to be reported in-
cludes the follows:

1. Name and model number of the
device under test

2. The A-weighted sound power level

3. The A-weighted sound pressure

level at the operator and/or by-
stander position(s)

4. The results of the tests for 1impul-
sive noise and prominent discrete
tones

5. A description of the operating con-
ditions of the device under test.

Briel & Kjer Systems for Noise Measurements on Business Machines

Briel & Kjer can supply a number
of systems of differing sophistication
and complexity for noise measure-
ments on business machines, ranging
from sound level meters for measure-
ments of LA and L Al, to fully auto-
mated test systems capable of making
all of the measurements required by
the standards for noise measurements
on business machines. Some of these
systems are described in the following.

Sound Level Meters for Mea-
surements of L, A and L Al

All of the sound level meters shown
in Fig.16, are capable of making the
L,A and L, Al measurements required
by the standards. Note, however, that
when the 2230 1s set to measure L Al
it will display an error message. This
is because L., 1s not normally mea-
sured using an impulse time weight-
ing. The L Al measurement 1s per-
formed correctly, though, and the er-
ror message can be removed by
making a modification to the 2230.
Contact your local Briel & Kjer
agents for details.

Sound Level Meter Based sys-
tems for Measurements of
Sound Power (ISO 3744)

Addition of an octave or 13 octave
filter set to the sound level meters
described in the previous sections al-
lows extension of the system to mea-
sure sound power according to ISO
3744. Addition of a portable level re-
corder to the system, (see Fig.17) is
advised as a means of recording the
octave or }/3 octave spectra at the vari-
ous microphone positions. A reference
sound source is also required for the
measurement of the room constant, K.
(Note that the Type 4205 Sound Pow-
er Source cannot be used for this pur-
pose, since it does not meet the re-
quirements of ISO 6926. It is the Type
4204 Reference Sound Source which
should be used.)

Sound level meter based systems
are usually only recommended for
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Fig. 17. Sound level meter based systems for measurements of sound power according to
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sound power measurements when
such measurements are going to be in-
frequent. Measurements of sound
power using such a system are tedious
and time consuming, and the sound

power must be calculated manually
from the measured results. For fre-
quent measurements of sound power,
a real-time analyzer based system 1s
usually preferred.



Real-time Analyzer Based Sys-
tem for Sound Power Measure-
ments in a Reverberation Room
(ISO 3741/42)

When a real-time /3 octave analyzer
is used 1nstead of a sound level meter
with a 13 octave filter set, the 13 oc-
tave spectra can be measured in paral-
le]l instead of in series, hence consider-
ably reducing the measurement time.
The system shown in Fig.18 can be
used to measure sound power 1n a re-
verberation room. The spatial averag-
ing of the sound field in the room 1s
achieved using the rotating micro-
phone boom, and the reference sound
source 1s required when the compari-
son method 1s followed.

When the system shown in Fig.18 1s
used, the final sound power must still
be calculated manually. However,
when the comparison method is fol-
lowed, this 1s relatively simple, espe-
cially if there are no background noise
problems.

Real-time Analyzer Based Sys-
tems for Measurements in an Al-
most Free Field (ISO 3744)

The system shown 1n Fig.19 can be
used for measurements of sound pow-
er according to ISO 3744. Use of the
system 1s relatively easy, provided
that there are no background noise
problems, since the average sound
pressure level in each octave or 1/3 oc-
tave can be accumulated i1n the real-
time 1/3 octave analyzer. The final oc-
tave or 13 octave spectrum obtained
must be corrected for the number of
microphone positions, the measure-
ment surface area, and the room cor-
rection factor K, this involving the ad-
dition or subtraction of a certain num-
ber of dB in each octave or 13 octave
of the spectrum.

Semi-automatic System  for
Making all of the Measurements
Required by ECMA 74

The systems described so far can
only make some of the measurements
required by the standards for noise
measurements on business machines.
The system shown 1n Fig.20 can make
all of them, and follows ECMA 74.
The sound power determination 1s
made according to ISO 3744, and is
controlled by the software package
WW 9041 in the desk-top computer.
The software also controls the real-
time /3 octave analyzer in a 1/12 octave
mode for the pure tone determination,
the analyzer being modified with
WH 0490 and WI 1624 for the mea-
surement of L A and L Al, and the

10

7777777777777 77T T T 7T 777777777777

T

Microphone
- Assembly .
2639, 4134
(+ Adaptor
JE 0002)

'.F{ef-ére'h{::é-". | “ . ;3] .
B AN ¢ ... Digital Frequency. - - -
>ype 4204  Analzer Type 2131

851019

Fig. 18, Real-time analyzer based system for measurements of sound power according to
IS0 3741/42
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Fig. 20. A semi-automatic system for making all of the measurements required by ECMA 74

impulsive noise test. All measure-
ments are fully documented, the ana-
lyzed results can be transferred to a
disc for storage and later recall. The
only manual operation involved 1s the
positioning of the microphone at the
various positions required for the
measurements.

A Fully-automated System for
Measurements According to
ECMA 74

This system extends that described
in the previous section by the addition
of multiplexed microphones such that
the measurements can be made com-
pletely automatically. 10 microphone
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Fig. 21. A fully-automated system for measurements according to

ECMA 74

channels are shown, which 1s the mini-
mum number of positions for the
hemisphere, (the parallelepiped uses
9). However, extra microphone chan-
nels will usually be required for the
sound pressure measurements at the
operator and/or bystander positions,
since these positions will only rarely
coincide with those on the measure-
ment surface. The system can control
up to 4 multiplexers and 32 micro-
phone channels.

The system can be extended further
by replacing the real-time 13 octave
analyzer with a sound intensity ana-
lyzing system. The sound intensity an-
alyzer 1s modified 1n the same way as
the real-time 1/3 octave analyzer, such
that when operated in pressure mode,
all of the measurements required by
ECMA 74 can be made. The system
offers the additional possibility of
sound intensity measurements for in-
situ measurement of sound power, and
for noise source location.

Fig. 22. A fully-automated system for measurements according to

ECMA 74 based on a sound intensity analyzer

Conclusions

An Increasing awareness of noise
problems in places of work, stricter
legislation and codes of practice have
meant that business machine manu-
facturers are increasingly interested in
measuring noise, not only during the
development of new products, but also
in production control.
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