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Foreword
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national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested i a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-flovernmental, in liaison with 1ISO, also take part in the work.

Draft Internationgl Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council] They are approved in accordance with ISO procedures requiring at
least 75 % apprqval by the member bodies voting.

International Stahdard ISO 1680/1 was prepared by Technical Committee ISO/TC 43,
Acoustics.

Users should noIe that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, urjless otherwise stated.
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technical revisiof.

© International Organization for Standardization, 1986 ®

Printed in Switzerland


https://standardsiso.com/api/?name=6915c8dffa8da7b61dc425b51ffa643c

INTERNATIONAL STANDARD

ISO 1680/1-1986 (E)

Acoustics — Test code for the measurement of airborne
noise emitted by rotating electrical machinery —
Part 1: Engineering method for free-field conditions over

a reflecting plane

0 Intrpduction

This par{ of ISO 1680 is based on ISO 3744 and has been
drafted in accordance with ISO 3740.

The main| purpose of this part of ISO 1680 is to specify a clearly
defined measurement method for rotating electrical machines
operating under steady-state conditions, the results of which
can be ekpressed in sound power levels so that all machines
tested uping this code can be directly compared. Other
methods) such as the precision methods of ISO 3741, 3742 and
3745, may also be used for determining sound power levels if
the instgllation and operating conditions of this part of
1ISO 1680| are used.

1 Scape and field of application

1.1 Ggdneral

This part|of 1SO 1680 specifies, in.accordance with ISO 2204,
an engineering method (grade-2).for measuring the sound
pressure Jevels on a rectangularparallelepiped surface envelop-
ing the njachine and for caleulating the sound power level pro-
duced by|the machine. It'outlines the procedures which may be
used to epvaluate the test.environment and specifies the charac-
teristics ¢f suitabledmeasuring instruments. A method is given
for determining the*A-weighted sound power level and, if re-
quired, oftave of one-third octave band sound power levels of
the machine, from the mean of the sound pressure levels

may not be achieved. The ‘method given in |]SO 1680/2 shall.
then be used, which will result in A-weighted sound power
levels of lower accuraey. In this case, no reference shall be
made to this part,of.JSO 1680.

1.2 Measurement uncertainty

Measurements carried out in conformity with this part of
ISO 1680 usually result in standard deviationg which are equal
to or.less than those given in table 1. The stgqndard deviations
given in table 1 reflect the cumulative effectg of all causes of
measurement uncertainty, excluding variations in the sound
power level of the machine from test to tes{. For a machine
which emits noise with a relatively ““flat” spectrum in the 100 to
10 000 Hz frequency range, the A-weighted spund power level
is determined with a standard deviation of apgroximately 2 dB.
For outdoor measurements, the standard deyiation in the oc-
tave band centred on 63 Hz will be approximately 5 dB.

NOTE — The standard deviations in table 1 include the effects of
allowable variations in the positioning of the measurement positions
and in the selection of the stipulated measurement| surface.

Table 1 — Uncertainty in determining so:lid power levels
for engineering measurements indoors or outdoors

measured-on-therectangularparallelepiped-surfacs.

This part of ISO 1680 applies to the measurement of airborne
noise from rotating electrical machines, such as motors and
generators (d.c. and a.c. machines) without any limitation on
the output or voltage, when fitted with their normal auxiliaries.
It applies to rotating electrical machines with any linear dimen-
sion (length, width or height) not exceeding 15 m.

This part of ISO 1680 applies to measurements carried out in
environmental conditions that meet the criteria given in clause 4
and annex A (environmental correction K < 2 dB, correction
for background noise < 1 dB). If these criteria are not met,
standard deviations of the test results may be greater than
those given in table 1, i.e. the engineering grade of accuracy

Octave band One-third Standard
centre octave band deviation
frequencies centre of mean
frequencies value
Hz Hz dB
125 100to 160 3,0
250 to 500 200 to 630 2,0
1 000 to 4 000 800 to 5 000 1,5
8 000 6 300 to 10 000 25
2 References
ISO 266, Acoustics — Preferred frequencies for measure-

ments.

ISO 354, Acoustics — Measurement of sound absorption in a
reverberation room.

ISO 1680/2, Acoustics — Test code for the measurement of
airborne noise emitted by rotating electrical machinery —
Part 2: Survey method.
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I1SO 2204, Acoustics — Guide to International Standards on

the measurement of airborne acoustical noise and evaluation of
its effects on human beings.

1N 2740 A
1SC 3740, Acoustics

noise sources — Guidelines for the use of basic
for the preparation of noise test codes.

ics — Determination of sound power levels of
standards and

A aa PPy

iSO 3741, Acoustics — Determination of sour
noise sources — Precision methods for bro
reverberation rooms.

1ISO 3742, Acou.

A e dbinn NMNadavenin
IOV 9744, ACOUS) ics — Determination of

ou
noise sources —|Engineering methods for free-field conditions
over a reflecting |plane.

n
und power levels of

1SO 3745, Acousftics — Determination of sound power ieveis of
noise sources — Precision methods for anechoic and semi-
anechoic rooms.

ISO 6926, Acoudtics — Determination of sound power levels of
noise sources —| Characterization and calibration of reference
sound sources."

IEC Publication B4-1, Rotating electrical machines — Part 1:
Rating and perfgrmance.

|IEC Publication 425, Octave, half-octave and third-octave band
filters intended flor the analysis of sounds and vibrations.

IEC Publication 6§51, Sound level meters.

3 Definitions

For the purposes of this part of ISO 1680, the following defini-
tions apply.

3.1 free field| A sound field in a homogeneous, isotropic
medium free of houndaries. In practice, it'is a field in which the
effects of the Boundaries are negligible) over the frequency
range of interes{.

3.2 free field|over a reflecting plane: A sound field in the
presence of a refflecting plané ‘on which the source is located.

3.3 anechoic|room i A test room the surfaces of which ab-
sorb essentially| dli"the incident sound energy over the fre-

to the reference sound pressure. The weighting network or the
width of the frequency band and its centre frequency used shall
be indicated: for example, A-weighted sound pressure level,
L, octave band sound pressure level, one-third octave band

_________ PN rafa o

sound pressure level, etc. The reference sound pressure is

20 pPa.

cirnfrnnn antsend menaaise,

3.6 surface sound pressure: The soun l verag
in time on a mean-square basis and also averaged over the
measurement surface using the averaging procedures specified
|n 8.1 and corrected for the effects of background noise and the

3.7 surface sound pressure level, l;;, inYdecitfels: Ten
times the logarithm to the base 10 of the ratio of the quare of

the surface sound pressure to the square of the feference
sound pressure.

3.8 sound power level, L}y in decibels: Ten times the
logarithm to the base 10 of thejratio of a given sound jpower to
the reference sound poWwer: The weighting netwotk or the
width of the frequency)band used shall be indicgted: for
example, A-weighted_sound power level, L5, octave band
sound power level)one-third octave band sound poyver level,
etc. The reference sound power is 1 pW (=10"2W).

NOTE — The surface sound pressure level is numerically different from
the sound power level and its use in lieu of the sound power Jevel is not
correct because the size of the measurement surface is not ¢overed by
this-quantity.

3.9 frequency range of interest: For general purgjoses, the
frequency range of interest includes the octave bgnds with
centre frequencies between 125 and 8 000 Hz or the|one-third
octave bands with centre frequencies between (100 and
10 000 Hz. Any band may be excluded in which tHe level is
more than 40 dB below the highest band pressure Jevel. For
special purposes, the frequency range of interest may be ex-
tended at either end, provided that the test environmgnt and in-
strument accuracy are satisfactory for use over the|extended
frequency range. For sources which radiate predominpntly high
(or low) frequency sound, the frequency range of interest may
be limited in order to optimize the test facility and prpcedures.

3.10 measurement surface: A hypothetical slirface of
area S enveloping the source on which the measurement posi-
tions are located and which terminates on the reflect|ng plane.

quency range of interest, EIiereBy at Iordlng free-fieid conditions
over the measurement surface.

3.4 semi-anechoic room: A test room with a hard reflect-
ing floor the other surfaces of which absorb essentially all the
incident sound energy over the frequency range of interest,
thereby affording free-field conditions above a reflecting plane.

3.5 sound pressure level, L,, in decibels: Twenty times
the logarithm to the base 10 of the ratio of the sound pressure

1) At present at the stage of draft.

2

3.11 reference box: A hypothetical surface which is the
smallest rectangular parallelepiped that just encloses the source
and terminates on the reflecting plane.

3.12 measurement distance: The minimum distance from
the reference box to the measurement surface.

3.13 background noise: The sound pressure level at each
microphone position with the source inoperative.
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4 Acoustic environment

4.1 General

The test environments that are suitable for measurements in ac-
cordance with this part of ISO 1680 include the following:

a) a room which provides a free field over a reflecting
plane;

b) a flat outdoor area that meets the requirements of 4.2
and annex A;

c) a
field t¢ the sound pressures on the measurement surface
are small compared with those of the direct field of the
sourcel.

Conditions described under c) above are met in very large
rooms ag well as in smaller rooms with sufficient sound-
absorptive materials on their walls and ceilings.

4.2 Criteria for adequacy of the test environment

Annex A Hescribes a procedure for determining whether or not
a test enyironment is adequate for measurements in accor-
dance with this part of ISO 1680. Test environments which are
suitable for engineering measurements permit the sound power
level to bé determined with an uncertainty that does not exceed
the value$ given in table 1.

Ideally, the test environments are free from reflecting objects
other thah a reflecting plane so that the source radiates into a
free field pver a reflecting plane. Annex A describes procedures
for deterrpining the magnitude of the environmental correction
(if any) td account for departures of the test environment from
the ideal condition.

To complly with this part of ISO 1680, the environfiental correc-
tion K shpll not exceed 2 dB.

If it is nedessary to make measurements jrspaces which do not
meet the| criteria of annex A, standard deviations of the test
results may be greater than those-given in table 1. In those
cases, ISP 1680/2 shall be used~(See clause 0.)

4.3 Criterion for background noise

At each microphone position, the sound pressure level of the
background noise shall'be at least 6 dB, and preferably more
than 10 dB, below-the sound pressure level to be measured in
each freduency'\band within the frequency range of interest.

Backgroynd-noise less than 6 dB below the sound pressure

1ISO 1680/1-1986 (E)

5 Instrumentation

5.1 General

The instrumentation shall be designed to measure the mean-
square value of the A-weighted sound pressure level and the
octave or one-third octave band levels, averaged over time and
over the measurement surface. Surface averaging is usually
carried out by measuring the time-averaged sound pressure
levels with a prescribed time constant for a fixed number of
microphone positions (7.2) and computing the average value in

The instrumentation used can perform ‘thel required time-
averaging in one of two different ways:

a) By continuous averaging_of the squafed signal using
RC-smoothing with a timieconstant 5. Such continuous
averaging provides onlyan approximation pf the true time-
average, and it places restrictions on thg “settling” and
observation times-{see 7.3.3).

NOTE — An example of an instrument using sfich averaging is a
sound level meter fulfilling at least the requirements for a type 1in-
strument\in accordance with IEC Publication §51 with the time
weightihg “S”.

b}~ By integrating the squared signal over a fixed time-
interval 7p. This integration may be perfpbrmed by either
digital or analogue means.

Examples of suitable instrumentation systems are given in
ISO 3744.

5.2 The microphone and its associated cable

A condenser microphone, or the equivalent in accuracy, sta-
bility and frequency response, shall be used. [The microphone
shall have a flat frequency response, over the[frequency range
of interest, for the angle of incidence specifi¢d by the manu-
facturer.

NOTE — This requirement is met by a microphong of a standardized
sound level meter fulfilling at least the requirements|for a type 1 instru-
ment in accordance with IEC Publication 651 and falibrated for free-
field measurements.

The microphone and its associated cable shall be chosen so
that their sensitivity does not change over |the temperature

levels to be measured is too high for the purposes of this part of
1SO 1680. Under such circumstances, the survey method of
ISO 1680/2 shall be used. (See clause 0.)

4.4 Wind

The wind velocity existing at the test site or caused by the
machine under test shall be less than 6 m/s. A windscreen
should be used for wind velocities above 1 m/s to ensure that
the level of the background noise (caused by the cumulative ef-
fect of the wind and other background noise sources) is at least
6 dB, and preferably more than 10 dB, below the level with the
source operating. The appropriate instructions provided by the
microphone manufacturer shall be followed.

range-encountered in the measurement. If the microphone is
moved, care shall be exercised to avoid noise of acoustical
origin (for example, noise from wind, gears, mechanical mov-
ing parts) or electrical noise (for example, noise from flexing
cables or sliding contacts) that could interfere with the
measurements.

5.3 Frequency response of the instrumentation
system

The frequency response of the instrumentation system for the
angle of incidence specified by the manufacturer shall be flat
over the frequency range of interest within the tolerances given
for a type 1 instrument in IEC Publication 651.
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5.4 Weighting network and frequency analyser

An A-weighting network complying with the tolerance require-
ments of IEC Publication 651 and, if required, an octave band

or one-third octave band filter set fulfilling the requirements of

IEC Publication 225 shall be used. The centre frequencies of the
frequency bands shall correspond to those of ISO 266.

5.5 Calibration

Before and after each series of measurements, an acoustical
calibrator with a
microphone to dgheck the cahbratlon of the entire measuring
system at one or|more frequencies over the frequency range of
interest. The calibrator shall be checked annually to verify that
its acoustical dutput has not changed. In addition, an
acoustical and ah electrical calibration of the instrumentation
system over thd entire frequency range of interest shall be

carried out at infervals of not more than 2 years.

I‘\IIAﬂ io_the

6 Installation and operation of the machine

6.1 Machinel mounting

If practicable, th¢ machine should be mounted in the same way
as it would be [for normal usage. Care should be taken to
minimize the trapsmission and the radiation of structure-borne
noise from all mounting elements including the foundation.
Usually, this mirfimizing can be achieved by resilient mounting
for smaller machines. Larger machines can usually only be
tested under rigid mounting conditions.

6.1.1 Resilienf mounting

The natural freqliency of the support system and the.machine
under test shall pe lower than a quarter of the frequency cor-
responding to tHe lowest rotational speed of the"machine.

The effective mlss of the resilient support-shall not be greater
than 1/10 of that of the machine under-test.

6.1.2 Rigid mpunting

The machines sHall be rigidly. mounted to a surface with dimen-
sions adequate for the machine type (for example by foot or
flange fixed in gccordance with the manufacturer’s specifica-
tions). The machine’shall not be subject to additional mounting
stresses from inforrect shimming.

Synchronous machines shall be run with the excitation current
which permits the rated voltage at no load.

For machines not suitable for no-load operation, e.g. machines

wnn the Denawour 0T SGTIES wound motors, the ()pel’&flﬁg con-
ditions shall be agreed upon and stated in the test report.

A method for estimating the difference in the level of the noise

from a machine between no-load operating conditions and
rated load or any other specified load is given in annex C.

6.3 Auxiliary equipment and coupled machines

All auxiliary equipment (loading machines, gears; trangformers,
external coolina svstems) and coubnled machines which are

(S84 LLOLLNG SYsSiS (100 81 28

necessary for the operation of the machine under ftest, but
which do not form an integral part_6f-the machine, [shall not
significantly affect the noise measurément (see 8.1). If they do,
they should be shielded acoustically or located outsidp the test
environment.

7 Sound pressure levels on the
measurement.surface

7.1 Reference box and measurement surfaces

In ordérto facilitate the positioning of the microphpne posi-
tions, a hypothetical reference box is defined (see 3.1[1). When
defining the dimensions of this reference box, elenfents pro-
truding from the machine which are unlikely to pe major
radiators of sound energy may be disregarded.

The microphone positions lie on the measurement surface
(see 3.10).

For rotating electrical machines, regardless of their| size, the
measurement surface shape is a rectangular parallelepiped (see
figures 2 to 4) the sides of which are parallel to the sies of the
reference box and spaced out at a distance d (megsurement
distance) from the reference box.

The measurement distance, d, shall be at least 0,25 m.
Distances larger than 1 m may be excluded by thg environ-
mental requirements given in this part of ISO 1680 (sg¢e 4.2, 4.3
and annex A). The preferred measurement distance fs 1 m.

The area S of the measurement surface is given by thg equation

The mass of the support shall be at least twice that of the
machine under test.

6.2 Operation of machine during test

The machine shall operate at no load, at rated voltage(s) and
speed(s), and with the corresponding excitation(s) (see IEC
Publication 34-1).

For a.c. machines, the sinusoidality of the supply voltage and
the degree of unbalance of the supply voltage system shall
comply with the same limits that are specified in IEC Publica-
tion 34-1.

S =4 (ab + bc + ca)

where, in accordance with figures 2, 3 or 4,

a=0,511+d;
b=050+4d;
c=1l3+d;

11, I and /3 are the dimensions of the reference box;

d is the measurement distance, normally 1 m.
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7.2 Microphone array

7.2.1 Complete measurement position array

From figure 1, the principle of how to construct the measure-
ment array for different sizes of reference box can be derived.

Each side of the measurement surface shall be treated separ-
ately. If the length or width of the side of the measurement sur-
face under consideration exceeds 3d, this side is divided into a
minimum number of partial areas so that their lengths and

ISO 1680/1-1986 (E)

example, due to strong electric or magnetic fields, wind, im-
pingement of air discharged from the machine under test, high
or low temperatures) shall be minimized by proper selection or
positioning of the microphone. The microphone shall always be
directed in such a way that the angle of incidence of the sound
waves is that for which the microphone is calibrated.

The observer shall not stand between the microphone and the
source under test.

The measurements shall be carried out once the machine under

widths do[not exceed 3d (see figure TJ.

To comply with the engineering method of this part of
ISO 1680, |measurement positions shall be placed at the middle
and the cprners of each partial area, except at those corners
which lie|in the reflecting plane. The corner positions of a
partial ar¢a are identical with the corner positions of the
neighbourjing partial areas.!

The resultjng complete measurement array is shown infigures 2
to 4 for different sizes of the reference box.

Neighboufing measurement positions may be connected to
achieve continuous paths along which the microphone is car-
ried contihuously with constant velocity (see figures 2 to 4).

NOTE — Fpr the survey method complying with ISO 1680/2, only the
positions ih the middle of the partial areas (or the relevant paths
through thgse positions) are used.

7.2.2 Simplified measurement position array

gement of the measurement positions ‘given in

type of machine, it can be shown, with the help of
investigations on some machines of that type, that
the meagureménts lead to values of sound power level
deviating [by-no. more than 1 dB from those determined with a
completelarrangement of measurement positions.

pressure) shall be taken at each measurenjent point with
A-weighting and, if required,for each frequency band within
the frequency range of interest.

The following data shall be obtained:

a) the A-Weighted sound pressure levels and, if required,
the band pressure levels during operation |of the machine
underitest;

b)“the A-weighted sound pressure levels gnd, if required,
the band pressure levels produced by the background noise.

For the frequency bands centred on or belpw 160 Hz, the
observation period shall be at least 30 s. For Aqweighted sound
pressure levels and for the frequency bandg centred on or
above 200 Hz, the observation period shall be|at least 10 s.

7.3.2 Measurements with a sound level mheter

If the indicating meter of a sound level meter is used, the time
weighting ““S"" shall be used. If the fluctuations of the in-
dicating pointer on the sound level meter are less than +3 dB
using the time weighting “S”’, the noise is donsidered to be
steady for the purposes of this part of ISO 1 and the level is
taken to be the average of the maximum and|minimum levels
during the period of observation. If the meter fluctuations dur-
ing the period of observation are greater than 33 dB, the noise
is considered to be non-steady and one of the|instrumentation
systems described in ISO 3744 shall be used.

7.3.3 Measurements with RC-smoothing|or integration

7.3 Conditions of measurement

7.3.1 General

Environmental conditions may have an adverse effect on the
microphone used for the measurements. Such conditions (for

+
systems

If RC-smoothing is used, the time-constant 75 should be long
enough to obtain an estimate of the r.m.s. level during the
period of observation with an accuracy of +0,5 dB.

If true integration is used, it is necessary for the integration time
to be equal to the period of observation.

1) The array is in complete accordance with ISO 3744 for small machines (see figure 3) and, in principle, in accordance with ISO 3744 for large
machines, taking into account the sound field structure of rotating electrical machinery.
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Reflecting plane

NOTE — For the survey method of 1SO 1680/2, only paths’A“and 3 (positions 1, 2, 3, 4, 9) are used.

W

Figure 2 — Example of a measurement surface and measurement positions (paths) for a small machin
(I < d, I, < d, I3 < 2d, where d is the measurement distance, normally 1 m)

Reference box

Reflecting plane

NOTE — For the survey method of ISO 1680/2, only paths 1 and 3 with their positions are used.

Figure 3 — Example of a measurement surface and measurement positions (paths) for a long machine
(4d < 11 < 7d, 12 < d, 13 < 2d)
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NOTE — For the survey method of ISO 1680/2, only paths 1, 3 and 5 with their pasitions are used.

Figure 4 — Example of a measurement surface and measurement positions (paths) for a-large machine
(4d < I3 < 7d,d < 1, < 4d, 2d < I3 < 5d)
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8 Calculation of surface sound pressure level
and sound power level

8.1 Corrections for background noise

The measured sound pressure levels shall be corrected for
background noise in accordance with table 2.

Table 2 — Corrections for background sound
pressure levels

For the purposes of this part of ISO 1680, the maximum accep-
table range of the environmental correction, K, is —2 dB
to +2 dB.

NOTE — The environmental correction, K, accounts for the influence
of a non-ideal environment (for example, the presence of reflected
sound). It ranges typically from —2 dB (for measurements outdoors
with absorbing ground) to +10 dB (for measurements indoors in
highly reverberant rooms). The procedures given in annex A are used
to calculate the value of the environmental correction.

Difference A between Corrections to be
sound pressure level subtracted from sound
measured with machine pressure level measured
operating and background with machine operating to
sound pressure obtain sound pressure
level ajone level due to machine alone
dB| dB
<6 Measurements invalid
6 1,0
7 1,0
8 1,0
9 0,5
10 0,5
>10 0

8.2 Calculat'tm of sound pressure level averaged
over the measurement surface

For the A-weighted sound pressure level and the level in each
frequency band |of interest, an average sound pressure level
over the measurement surface, L,, is calculated from the
relevant measurgd sound pressure levels L, (after corrections
for background |noise are applied in accordance with 8.1) by.
using the follow|ng equation:

1 N
L, =101 —Z 100.1 Lpi )
P g N
i=1
where

L_p is the |sound pressure level averaged over the
measurement surface, in decibels; reference: 20 pPa;

L, istheA weighted or band pressure level resulting from
the ith measTrement, indecibels ; reference: 20 |Pa;

N is the total number of measurement positions.

8.3 Calculatiomof-surface-sound-pressure-level

8.4 Calculation of sound power level

The sound power level characterizing the noise-emitted by the
source shall be calculated from the following equation :

_ S
LW=Lpf+1°'9<—> ... 3
So

where

Ly, is the A-weighted ‘of band sound power leyel of the
source, in decibels; reference: 1 pW;

L_pf is the surface sound pressure level determined in
accordance with“8.3, in decibels; reference: 20 (Pa;

S is tHe'area of the measurement surface, in square metres
(see 71) ;

SO =1 m2.
i~ only band sound power levels are determiped, the
A-weighted sound power level may be determined [in accor-
dance with annex B.

9 Information to be recorded
The following information shall be compiled and regorded for

all measurements carried out in accordance with the re-
quirements of this part of ISO 1680.

9.1 Machine under test

a) Description of the machine under test (incjuding its
dimensions).

b) Operating conditions.

c) Mounting conditions.

The surface sound pressure level, Ez;' shall be obtained by cor-
recting the value of L, for reflected sound to approximate the
average value of the sound pressure level which would be ob-
tained under free-field conditions, by using the following equa-
tion:

sf=L,— K ... (2

where

L, is the surface sound pressure level, in decibels;
reference: 20 pPa;

K is the mean value of the environmental correction over
the measurement surface, in decibels.

d) If the machine has multiple noise sources, a description
of source(s) in operation during the measurements.

9.2 Acoustic environment

a) Description of the test environment;

1) if indoors, description of physical treatment of walls,
ceiling and floor, sketch showing the location of machine
under test and room contents;

2) if outdoors, sketch showing the location of machine
under test with respect to surrounding terrain, including
physical description of test environment.
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b) Acoustical qualification of the test environment in ac- e) The surface sound pressure level, Ly, in decibels,
cordance with annex A. calculated from the measured A-weighted sound pressure

levels or from the sound pressure levels in each frequency
c) Air temperature in degrees Celsius, barometric pressure band of interest; reference: 20 yPa.

in pascals, and relative humidity.
f) The sound power level, Ly, in decibels, calculated from

d) Wind velocity and direction. the A-weighted surface sound pressure level and, if re-
quired, from the surface sound pressure levels for all fre-

e) Sound power level of the reference sound source, if quency bands used; reference: 1 pW.

used.

g) If required, difference A of the levels of the noise

between no-load and on-load operation, A-weighted and, if

9.3 Instrumentation required, in frequency bands.
a) Equipment used for the measurements, including h) Remarks on subjective impression of noise (audibie
name,| type, serial number and manufacturer. discrete tones, impulsive charaetér, spectral content, tem-

poral characteristics, etc.).
b) Bandwidth of frequency analyser.

i) The date when the méasurements werg carried out.
c) Frequency response of instrumentation system.

d) Method used for checking the calibration of the 10 Information-to be reported

microphones and other system components; the date and

place pf calibration shall be given. The test report shall contain the statement|that the sound
power levels have been obtained in full conformity with the pro-

e) Characteristics of windscreen (if used). cedures ‘of this part of ISO 1680.

The‘following information shall be reported :
9.4 Acpustical data

a) a description of the machine under tesgt;

a) The measurement distance, the location and direction

of miqrophone positions. b) the operating conditions;

b) The area S of the measurement surface. c) the A-weighted sound power level, L5, in decibels,
and, if required, sound power levels in fiequency bands;

c) The corrections, in decibels, if any, applied\in-each fre- reference: 1 pW;

quencjl/ band for the frequency response of the.microphone,

frequdancy response of the filter in the,passband, back- d) if required, difference A of the levgls of the noise

grounf noise, etc. between no-load and on-load operation, Ajweighted and, if
required, in frequency bands;

d) The environmental correction,~K, calculated in accor-

dance| with one of the procedures given in annex A. e) the date when the measurements werg carried out.
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Annex A

Qualification procedures for the acoustic environment

(This annex forms an integral part of the standard.)

A.1 General

An environment providing a free field over a reflectlng plane

part of ISO 164
anechoic room,
quirements give

ThlS environment is prowded by a semi-
An outdoor space or an ordinary room if the re-
in this annex are satisfied.

The test room shall be large enough and, if possible, free from
reflecting objects with the exception of the reflecting plane.
The test room shall provide a measurement surface that lies

a) inside a|sound field that is free of undesired sound
reflections from the room boundaries;

b) outside the near field of the sound source under test.

The environmerijtal correction, K, in equation (2) (see 8.3) ac-
counts for the |nfluence of undesired sound reflections from
room boundari¢s and/or reflecting objects near the sound
source under test.

For open test sifes which consist of a hard, flat ground surface,
such as asphalt or concrete, and with no sound-reflecting
obstacles withir| a distance from the source equal to three times
the greatest distance from the source centre to the lower
measurement points, it may be assumed that the environmental
correction, X, i$ less than or equal to 0,5 dB and is, therefore,

negligible.

NOTE — An obstficle in the proximity of the source may be considered
to be sound-reflefting if its width (for example, diameter of a pole or
supporting member) exceeds 1/10 of the distance fromi\the reference
box.

The environmental correction, K, may also be assumed to be
negligible for |indoor environments ~which are laboratory
anechoic roomd meeting the requirements of ISO 3745.

The evaluation|of environmental~influences is performed by
selecting one of two alterpative procedures used to determine
the magnitude pf the environmental correction, K. These pro-
cedures are usdd to,determine if any undesired environmental
influences are pgresént and to qualify a given measurement sur-
face for an actupl source under test in accordance with this part

with the procedures given in this annex. In this case, K is
usually smaller than 2 dB. For ratios A/S < 6, the room cor-
rection factor K may exceed 2 dB and cause greater uncertainty
hose given in
table 1 In such cases, a smaller measurement surface, a better
environment or a measurement in accordance-with the survey
method (see 1SO 1680/2) should be chosén.~The |reflecting
plane should satisfy the requirements given in A.2.1|. For out-
door measurements, additional precautions given|in A.2.3
should be considered.

A.2 Environmental@©onditions

A.2.1 Properties of reflecting plane
Measurements{may be made in one of the follgwing en-
vironments:
— over a reflecting plane outdoors;
-\, In a test room with one reflecting surface; qr

— in a test room with sound absorptive surfacef in which
a reflecting plane is present.

or is not an integral part of a test room surface, care shoyld be exer-
cised to ensure that the plane does not radiate any apprecjable sound
due to vibrations.

NOTE — Particularly when the reflecting surface is not a g‘]ound plane

A.2.1.1 Shape and size

The reflecting plane shall not be smaller than the projection of
the measurement surface on the plane.

A.2.1.2 Acoustic absorption coefficient

The acoustic absorption coefficient of the reflecting plane,
measured in accordance with ISO 354, should preferably be
less than 0,1 over the frequency range of interest. This require-

of ISO 1680.

The first qualification procedure (Absolute comparison test,
see clause A.3) is carried out with a reference sound source.
The second qualification procedure (Reverberation test, see
clause A.4) may be used if the source under test cannot be
moved and if its dimensions are large. This procedure requires
measurements of reverberation time.

The free-field qualification on a given measurement surface is
satisfied by a given test room if the ratio of the sound absorp-
tion A of the room to the area S of the measurement surface is
sufficiently large. In general, ratios A/S > 10 require no en-
vironmental corrections. For ratios A/S between 10 and 6, an
environmental correction, K, can be determined in accordance

10

ment is usually fulfiled when measurements are fnade over
concrete, sealed asphalt or stone surfaces. Fpr indoor
measurem . d.

A.2.2 Reflecting objects

No reflecting objects which are not part of the source under
test shall be located inside the measurement surface.

A.2.3 Precautions for outdoor measurements

Care should be taken to minimize the effects of adverse
meteorological conditions (for example, temperature, humid-
ity, wind, precipitation) on the sound propagation over the fre-
quency range of interest or on the background noise during the
course of the measurements.


https://standardsiso.com/api/?name=6915c8dffa8da7b61dc425b51ffa643c

If a windscreen is used to shield the microphone from the
effects of wind, proper corrections of the measured sound
pressure levels shall be made.

A.3 Absolute comparison test to determine K

A.3.1 Procedure

A reference sound source with characteristics that meet the re-
quirements of ISO 6926 shall be mounted in the test environ-

ISO 1680/1-1986 (E)

tion, K, shall be numerically less than or equal to 2 dB. If the
environmental correction, K, exceeds 2 dB, either a smaller
measurement surface or a better test environment is required.

Al +h
(3

~Anoa. s nbhoamaean oo
vvinen ecessary cnai yca na

n
cedure to determine K shall

A.4 Reverberation test to determine K

A.4.1 Test procedure

men'[ |n soLrce
under test. The sound power level of the reference sound
source is [determined in accordance with the procedures of
clauses 7 and 8 without the environmental correction K (i.e. K
is initially §ssumed equal to zero). The same measurement sur-
face is used as during the measurements of the source under

test. The environmental correction K is given by

K I
3N w L wr

'~

where

Ly, ig the calculated A-weighted or band power level of
the refprence sound source using procedures of clauses 7
and 8 [with K = 0 in equation (2)], in decibels; reference:
1pW;

Ly, is the name plate A-weighted or band power level of
the reference sound source, in decibels; reference: 1 pW.

A.3.2 Locations of reference sound source in test
environrmhent

A.3.2.1 PBource can be removed from test site

The referdnce sound source shall be located on the-reflecting
plane, independent of the height of the machine. One single
location is| sufficient, even when very large machines are to be
tested, prTJvided the ratio of the length of the'machine under
test to its| width is not greater than 2..if the ratio is greater
than 2, thp reference sound shall be operated on the floor at
four point$. Assuming the projection of the machine under test
on the flogr to be approximately.réctangular in shape, the four
points are|located at the middle)points of the sides of the rec-
tangle. Tq obtain Ly, the‘surface sound pressure level, L,
shall be cglculated with-the reference sound source located at
each of the four points on the floor. At each point on the
measurement surface, the sound pressure level shall be
averaged for the'four source locations on a mean-square basis,
i.e. using pquation (1) in 8.2.

This test procedure is applicable to rooms the nlaximum dimen-
sion of which does not exceed significantlyits rhinimum dimen-
sion.

The environmental correction, K i$ obtained from the expres-
sion

K =101g (1 + -2
475

The value of K may be obtained from figure 5|by entering the
abscissa with-the appropriate value of 4/8S. Tme area S of the
measuremient/surface is calculated in accordamce with the re-
quireménts' given in 7.1.

mined from measurements of the reverberation| time of the test
room in octave bands for the entire frequency fange of interest
(see 1ISO 354).

The total sound absorption area, 4, of the teala room is deter-

The value of A4 is then

= 0,16 (V/T)
where
V' is the volume of the test room, in cubi¢ metres:

T is the reverberation time of the test foom in octave
band, in seconds.

A.4.2 AQualification requirements

For the measurement surface in a test room td be satisfactory
for measurements in accordance with the requjrements of this
part of ISO 1680, the ratio A to S should eXceed 6, that is
AlS > 6.

If this requirement cannot be satisfied, a new measurement

A.3.2.2 Source cannot be removed from test site

The reference sound source shall be located on the upper
surface of the machine which should preferably be acoustically
reflective. This method should not be applied if the machine
has highly absorptive surfaces (for example, textile machines),
In this case, the procedure of clause A.4 should be followed.

A.3.3 Qualification requirements

For the measurement surface in a given test environment to be
satisfactory for measurements in accordance with the re-
quirements of this part of ISO 1680, the environmental correc-

surface shall be chosen. The new measurement surface should
have a smaller total area, but still lie outside the near field.
Alternatively, the ratio A/S may be increased by introducing
additional sound-absorptive materials into the test room and
then redetermining the value of the ratio A/S under the new
conditions.

If the requirements of this clause cannot be satisfied for any
measurement surface which lies outside the near field of the
source under test, the particular test environment -chosen
cannot be used for measurements on the source under test in
accordance with the requirements of this part of 1ISO 1680. A
new test environment shall be selected or it shall be assumed
that the uncertainties may exceed the values given in table 1.

1"
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Figure 5 — Environmental correction, KX, in decibels
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Annex B

ISO 1680/1-1986 (E)

Procedures for calculating A-weighted sound power level

from octave or one-third octave band power levels

(This annex forms an integral part of the standard.)

B.1 Calculate the A-weighted sound power level, Ly ,, in
decibels (reference: 1 pW) from the formula:

B.3 For calculations with one-third octave band data,
Jmax = 21 and C; is given in table 4.

Jmax
Lwa = 101g 2 10011 L)y + Cp)|
J=1
where (L), is the level in the J octave or third-octave
band.
B.2 For|calculations with octave band data, J,,, = 7 and
Cjis giver|in table 3.
Table 3 —| Parameters for calculating A-weighted sound
poyver level from octave band power levels
Octave band centre C
J frequency J
Hz dB
1 125 -16,1
2 250 - 86
3 500 - 3,2
4 1 000 0
5 2 000 + 1,2
6 4 000 +1,0
7 8 000 =11

Table 4 — Parameters for calculating

sound power level from one-third oci

power levels

weighted
ve band

One-third octave)band c

J centre frequency J

Hz dB
1 100 -19.1
2 125 -16,1
3 160 -134
4 200 -10,9
5 250 - 8,6
6 315 - 6,6
7 400 - 4.8
8 500 - 32
9 630 - 19
10 800 - 08

1 1000 0
12 1250 0,6
13 1 600 1,0
14 2 000 1,2
15 2 500 1,3
16 3 150 1,2
17 4 000 1,0
18 5 000 0,5
19 6 300 - 0,1
20 8 000 - 11
21 10 000 - 25

13
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Annex C

Method for estimating the difference in noise level
between no-load and on-load operations

NOTE — This annex does not form an integral part of the standard insofar as this estimation method cannot be classified as being of engineering

grade accuracy.

C.1 Gene

This annex desgribes a method which can be used to obtain an estimate of the difference in the levels of the noise(betwe]

and on-load o

rations.

This method shpuld be used by agreement between the manufacturer and the purchaser if it is expected that'there will be a

difference in t|

C.2 Instal

C.2.1 Mach

See 6.1.

C.2.2 OperI

The machine s
load applied to

noise emission of the machine between no load and the rated or any other specified (oad.

tion and operation of machines

ine mounting

tion of machine during test

all be operated, coupled to its load machine, at its ratedvoltage(s), speed(s) and corresponding excitation
the load machine and then with the rated or other ‘spécified load applied.

If possible, thg machine under test should be mechanically, uncoupled from an electrical load machine so that backgrq

measurements
There will be m|
as a motor. Un

Can be made with the load machine operating as a motor at rated voltage(s), speed(s) and corresponding ex
pny occasions where it is neither possiblé to'uncouple the load machine mechanically nor to operate the log
der these conditions, measurements should be made at no load and at the rated or other specified load

C.3 Meas
The measurem
reference surfa

of, for examplg

NOTE — As the

[

rement array

e of the machine“shall be 0,15 m. If it is not possible to have a particular measurement location, due to th
, a bearing pedestal, the measurement position should be moved just enough to overcome the obstructi

nethod described in this annex aims at the determination of a level difference A (see clause C.5), the measurement array

being sufficient glso for.the small measurement distance of 0,15 m, which is taken to minimize the environmental influences.

en no-load

significant

s) with no

und noise
Citation(s).
d machine
bnly.

t array used shall be the same as that for the no-load test (see clause 7), but the distance of the microphone from the

E presence
bn.

is treated as

C.4 Measurement of sound pressure levels

At each microphone position on the measurement surface, the A-weighted sound pressure level shall be measured with the machine
operating at no load and then at the rated or other specified load. The measurements shall be carried out after the machine has
reached a steady temperature.

If possible, measurements should be made at each microphone position, after the machine has been switched off and mechanically
uncoupled from the load machine and with the load machine operating as a motor at its rated voltage(s), speed(s) and corresponding

excitation(s).

The sound pressure levels measured with the test machine operating at no load and then on full load are corrected for background
noise (see 8.1) and are then used to determine the average sound pressure levels over the measurement surface in accordance with
8.2. The background noise will include the no-load noise of the loading machine if it was possible to run it disconnected from the

machine under

14

test.
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