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This Part of BS 4999 has been prepared under the direction
of the Power Electrical Engineering Standards Committee
and supersedes BS 4999 : Part 51 : 1973, which is with-
drawn.

This Part has been issued to implement the decision to
renumber all the Parts of BS 4999 to bring the Part numbers
more into line with those of 1EC Publication 34. In addition
to the renumbering of the Part the inclusion of the Part

“number in the point numbering system, adopted in Part 51,
has been abandoned. No technical changes have been made
to the text of BS 4999 : Part 561 : 1973.

*European Committee for Electrotechnical Standardization.
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The methods of measurement used in this standard have
been selected from ISO Recommendation R/1680 ‘Test
Code for the measurement of the airborne noise emitted by
rotating electrical machinery’. This standard takes into
account work that has been undertaken by the International
Electrotechnical Commission (IEC). The limiting mean
sound power levels specified in Appendix D for ratings up
to 400 kW (or kVA) are those given in IEC Publication 34-9
‘Noise limits’, which has been accepted by CENELEC* as a
reference document for Harmonization Document HD 53.9.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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British Standard

General requirements for rotating electrical machines

Part 109. Specification for noise levels, including test methods

1 Scope

This Part of this British Standard specifies methods of
measuring and classifying the acoustic noise emitted by
rotating electrical machines {excluding small power
machines and machines for traction vehicles) on no-load.
A noise classification in terms of dB(A) sound power level
is given. Methods are also included for correcting for the
presence of pure tones.

Upper limits of dB(A) sound power level for machines rated
up to 16 MW are given in Appendix D. Limits for larger
machines are not at present given in this standard and
should therefore be agreed between the manufacturer and
the purchaser.

Recommendations are included in Appendix B for methods
of assessing noise from machines on load,

The standard covers measurements normally made in free
field conditions, Where free-field conditions cannot in
practice be achieved, recommendations are given in
Appendix C for measurements made in semi-reverberant
conditions.

NOTE. The titles of the British Standards referred to in this
standard are listed on the inside back cover.

2 Terms and definitions

For the purposes of this Part of BS 4999 the definitions
given in Appendix F apply.

3 Test method |

This clause describes the procedure to be used to establish
the (A} weighted sound power level of the machine. It is
assumed that the machine is a noise source radiating in free
field conditions over a reflecting plane which is considered
as its base. Where free field conditions cannot in practice
be achieved, the method may still be used but the sound
power level obtained will be slightly higher. No correction
shall be made in this respect.

The (A) weighted sound power levels determined in accor-
dance with Test Method | shall not exceed those given in
Appendix D appropriate to the rated output, speed and
type of enclosure. :

In all cases where the (A) weighted sound power level of a

machine is greater than 93 dB(A) or one or more tones are
prominent, noise measurements shall be made in accordance
with Test Method 1.

3.1 Test conditions

3.1.1 Test environment. The suitability of any given test
environment shall first be ascertained by making a test of
room suitability as detailed in 3.3.1.

3.1.2 Background noise. The background noise reading
when the machine is not on test shall be determined at
the same points as for the test. The reading at each point
with the machine on test ought to exceed that due to the
background alone by at least 10 dB. When the differences
are less than 10 dB, corrections can be obtained from the
background correction curve shown in Fig. 1.

Alternatively, the background correction may be made
as follows:

Using the table in Appendix E find the number in column 2
corresponding to the total noise level in column 1 and
subtract from this the number in column 2 corresponding
to the background level. The result of this subtraction will
correspond, in column 2, to the source level in column 1
rounded to the nearest whole number or whole humber
plus 0.5 dB (see example 3, Appendix A).

In the case of rapidly fluctuating background noise a
difference of 10 dB between the maximum background
level and the machine on test is essential.

When corrections of 3 dB or greater are applied, the cor-
rected levels should be indicated in brackets.

When the increase in noise level due to the machine is less
than 3 dB, measurements, in general, cease to have any
significance.

3.1.3 Operating conditions of machine on test. For the
purposes of the test the following conditions shall be
observed:

(1) The machine shall be run on no load. Synchronous
machines shall be run at unity power factor.

(2) The machine shall be in its fully-assembled condition,
and uncoupled.

(3) A.C. machines shall be supplied at rated voltage and
frequency.

(4) Machines shall be run as nearly as possible at rated
speed, or at the highest speed in the range if there is a
speed range.

{6) Machines designed to operate at two or more discrete
speeds shall be tested at each speed.

3.1.4 Mounting of machine. Structure borne vibrations
from a machine to its mounting, or other parts of the test
room, can influence the sound pressure level in the test
room. It is permissible to minimise such effects by,

for example, mounting the machine on suitably designed
resilient mountings.

3.2 Measuring instruments
3.2,1 Grade. The sound level meter shall comply with the

i f BS 5969, and shall
welghted scal, "l B SEdHENts
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Instructions on the use of the equipment shall be complied
with to ensure that the intended degree of precision is
realized.

3.2.2 Checking of measuring equipment, An acoustic check
of the sound level measuring equipment and at least one
band of the analysing equipment shall be made immediately
before and after making the machine noise measurements.
These site checks shall be supplemented by more detailed
laboratory calibrations of the whole measuring equipment
made at least once every two years.

3.2.3 Location of instruments and observer. The sound
Jevel meter case and any measuring amplifiers or filters shall
be at least 0.3 m from the microphone, and the observer at
least 1 m from the microphone, to prevent errors due to
reflections from these objects. The calibration axis of the

" microphone should be pointed normal to the enveloping
surface of the machine.

3.3 Test measurements, The method described in this
clause is applicable to the measurement of sound radiation
in a free field over a reflecting plane. This is the standard
environment for noise tests made in accordance with this
standard.

Where conditions depart significantly from free field
conditions the method described for semi-reverberant field
conditions may be used by agreement between the manu-
facturer and the purchaser.

3.3.1 Test of room suitability. The room suitability shall
be established by placing a small broad-band noise source
{preferably non-aerodynamic) at the position to be
occupied by the geometric centre of the machine to be
tested, and determining the mean sound level at the
measurement positions and at corresponding positions at
half their distance from the source. The difference between
these mean sound pressure levels at full and half distance
should be at least 5 dB for each frequency band employed.
Calculation of the mean values shall be made in accordance
with 3.4.1. For large machines such a test cannot always
be performed. In such cases this fact should be stated in
the test report,

NOTE. If the machine on test is sufficiently small in respect to the
size of the room and of broad-band noise character, it may be taken
as a reference source,

3.3.2 Method of measurement. For all machines,
measurements shall be made on the prescribed paths shown
in Fig. 2, 3 or 4. For machines having a maximum linear
dimension / (excluding shaft) equal to or exceeding 0.26 m
these rectilinear paths are, at their nearest point, 1 m from
the surface of the machine. For cases where [ is less than
0.25 m these rectilinear paths are, at their nearest points,
at a distance from the surface of the machine between 4/
and 1 m but not less than 0.25 m. For all horizontal
machines the prescribed path parallel to the reflecting
ground plane should be at shaft height or 0.25 m whichever
is the greater (see Fig. 2). For vertical machines the
prescribed path parallel to the reflecting ground plane shall
be at half the height of the machine but not less than a
height of 0.25 m (see Fig. 4). The prescribed path in the
vertical plane may be in, or parallel to, the plane of the
shaft,

3.3.3 Location of measurement points. The positions of
the measurement points {the number of which depends
upon the size of the machine and the symmetry of the
acoustic radiation, but should be at least five) should be
as indicated in Fig. 2, 3 or 4.
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The measurement points on each path should be at intervals
of not more than 1 m from the five key measurement
points.

If measurements at these points indicate levels which
exceed the mean level (calculated in accordance with 3.4.1)
by more than 5 dB, additional points should be added
midway between all the measurement points already in use.
In some cases the acoustic radiation pattern of the machine
requires the use of extra paths. The extra paths shall
maintain the basic symmetry of the measurement points.

3.3.4 Quantities to be determined. At each measurement
point the sound level in dB(A) is measured. The measure-
ments at each point should be corrected for the effects of
any background noise (see 3.1.2). Any corrections indicated
by the calibration checks shall also be taken into account.

No other correction shall be applied for the effects of test
environment.

3.4 Evaluation of test measurements

3.4.1 Calculation of the mean sound level (A). The mean
sound level {A) shall be calculated from the results of the

measurements at all the test positions, after correction in

accordance with 3.1.2, by averaging as follows:

1 Lat , Laz
L =101 — (antilo ——= + antilo — +
AM 0910 |: - ( 910 74 910 5

. Lan il
+ ...+ antil —_
antilogse 16 ) (1)

where:
L o is the mean sound level (A) (dB); -

L, is the sound level (A} at the first measurement
positions (dB);

Lap is the sound level (A) at the nth measurement
positions (dB);

n is the number of measurement positions.

NOTE 1. When the dB readings at the various measurement points
do not differ by more than 5 dB, an arithmetic average of the dB
readings may be used. This will give a result differing by not more
than 0.7 dB from that given in equation {1}.

NOTE 2. The application of equation {1} is facilitated by the use
of Appendix E (see example 1, Appendix A).

3.4.2 Calculation of the radius of the equivalent hemi-
sphere. For the purpose of calculation of the (A) weighted
sound power level of the machine, the measurement made
along the prescribed paths of Fig. 2, 3 and 4 shall be
assumed to have been made over a hemisphere of radius r,
where .

b+ 172
o

where a, b and ¢ are as indicated in Fig. 2, 3 and 4.

NOTE. This expression for 75 is empirical and does not purport to
be derived from any particular measurement surface,

3.4.3 Calculation of (A) weighted sound power level.
The {A) weighted sound power level of the machine can
be calculated using the expression below or the curve in
Fig. 5:

27t

So

Lwa = Lam + 10 logso . (3)

where:
Lwa is the {A) weighted sound power level;
So is the reference area of 1 m?.
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4 Test method Il

These tests include detailed measurements based on
frequency band analysis of sound radiation in a free field
over a reflecting plane.

Where free-field conditions cannot, in practice, be achieved,

the method may still be used but the sound power leve! will
be slightly higher than that obtained under free-field condi-
tions. Alternatively the method described in Appendix C
for semi-reverberant conditions may be used.

In all cases where the (A) weighted sound power level of a
machine measured in accordance with Test Method | is
greater than 93 dB(A) or one or more tones are prominent,
noise measurements shall be made in accordance with this
section.

4.1 Test conditions

4.1.1 Test environment. See 3.1.1.

4.1.2 Background noise. As 3.1.2 for each octave band.
4.1.3 Operating conditions of machines on test. See 3.1.3.
4.1.4 Mounting of machine. See 3.1.4.

4.2 Measuring instruments

4.2.1 Grade. The sound level meter shall comply with

BS 5969. The instructions in the use of the equipment shall
be complied with to ensure that the intended degree of
precision is realized, The meter shall be used on linear
response or on (C) weighting for frequency analysis.

Any filters used for noise analysis shall comply with
BS 2475.

4.2.2 Checking of measuring equipment. See 3.2.2.

4.3 Test measurements. The method described in this
clause is applicable to the measurement of sound radiation
in a free field over a reflecting plane. This is the standard
environment for noise tests made in accordance with this

- standard.

Where conditions depart significantly from free field
conditions the method described for semi-reverberant field
conditions may be used by agreement between the manu-
facturer and the purchaser. .

4.3.1 Test of room suitability. See 3.3.1.
4.3.2 Method of measurement. See 3.3.2.
4.3.3 Location of measurement points. See 3.3.3.

4.3.4 Quantities to be determined. The following quantities
shall be determined at each of the measurement points in
accordance with 4.3.2:

(1) Sound level in dB(A).

(2) Band sound pressure levels in the octave bands
centred on 63 Hz to 8000 Hz with the sound level meter
set to linear response or (C) weighting. Where linear
response is not available, (C) weighting is sufficiently
close to linear response over the above frequency range.

At each measurement point the sound level in dB{A} is
measured. The measurements at each point should be cor-
rected for the effects of any background noise (see 3.1.2).
Any corrections indicated by the calibration checks shall
also be taken into account. Unless it has been agreed to
use the semi-reverberant method (see Appendix C) no
other correction shall be applied for the effects of test
environment.
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4.4 Evaluation of test measurements

4.4.1 Calculation of octave band mean sound hressure
level. The mean sound pressure levels for each octave band

“ shall be calculated from the results of the measurements at
“all the test positions (after correcting for background noise

in accordance with 3,1.2) by averaging in accordance with
equation (4).

: 1 Ly L
Loy = 10 logye [; (antilogyy —2 + antilogyo —-1102+
+ ...+ antilog Len ):l (4)
0010 10 ves

where: )
Lpm s the octave band mean sound pressure level (dB);

is the octave band sound pressure level at the first
measurement point (dB);

Lpy

Lnp s the octave band sound pressure level at nth
 measurement point (dB);
n is the number of measurement points.

NOTE 1. If 15 octave readings are taken, the band energy levels
have to be summed in groups of three on an energy basis to obtain
the octave band levels in accordance with equation (5).

. L3(j- . Laif
Lpi =10 logge l:antlloglo 3‘:40” + antilogyo _%(!) T

: Lati
+antilogge —2d*1) o (8)
10
where:
L is the calculated fuli octave band sound pressure leve! {(dB);

L3(j-1) is the sound pressure level in the (j-1)th 1/3 octave
hand {dB);

L3(j) is the sound pressure level fn the jth 1/3 octave band (dB);
L3(j+1) is the sound pressure level in the (j+1)th 1/3 octave
band (dB).

NOTE 2. When the dB readings at the various measurement points
do not differ by more than 5 dB, an arithmetic average of the dB
readings may be used. This will give a result differing by not more
than 0.7 dB from that given in equation {4).

NOTE 3. The application of equation (4) is facilitated by the use
of Appendix E {see example 1, Appendix A).

- 4.4.2 Calculation of the mean sound level (A). See 3.4.1.

4.4.3 Calculation of the radius of the eqUIva/ent hemi-
sphere. See 3.4.2.

4.4.4 Evaluation of the octave band mean sound power
levels. The octave band mean sound power level may be
calculated directly from the octave band mean sound
pressure levels using equation (6).

2

27rg
.. (6
S (6)

Ly,=

LpM + 10 log;o

where:

Lpm is the octave band mean sound pressure level (dB);
Ly, s the octave band mean sound power level

re. 10712 watts (dB);
So is a reference area of 1 m2.
Equation (6) holds for an ambient temperature of 20 °C
and barometric pressure of 9.8 x 10% N/m? (Pa).

NOTE. Over the temperature range 0 °C to 40 C and over the range
of barometric pressure from 9.0 X 10% N/m? (Pa) to 10.6 X 10%
N/m* (Pa) possible correction for ambient conditions is not greater
than + 0.5 dB. For this reason such a correction has been omitted.
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4.45 Evaluation of the octave band mean (A) weighted
sound pressure levels. The octave band mean sound pressure
levels dB can be converted into equivalent octave band (A)
weighted sound pressure levels by applying the following
weighting corrections:

Octave band centred on dB correction

Hz

315 -39
63 - 26
125 - 16
250 -9
500 - 83
1000 0
2000 + 1
4000 + 1
8000 -1

4.4.6 Evaluation of the octave band mean (A) weighted
sound power levels. The octave band mean (A} weighted
sound power levels may be calculated from the derived
octave band mean (A) weighted sound levels using equa-
tion (3) in 3.4.3 and changing the symbols from total to
octave band values.

4.4.7 Evaluation of acceptability rating. From the results
of the (A) weighted octave band sound power level evalua-
tion, the difference between the sound power level in each
octave band judged to contain a pure tone or pure tones
and the average level in the adjacent bands is calculated.

The acceptability rating is obtained by applying the
correction K to the dB{A) sound power level measured in
accordance with Test Method .

When a pure tone is in an octave band above 260 Hz:
K=D

When the pure tone is in the octave bands equal to,

or below, 250 Hz:

D
K: —_—

2
Where D is the greatest positive difference between the (A)
weighted sound power level in any octave band containing
a pure tone or pure tones, and the mean (A) weighted
sound power level of the adjacent octave bands.
NOTE. The mean {A) weighted sound power level of the adjacent
bands should be deduced using the table of Appendix E.
The corrected value of (A} weighted sound power level is
the value used in comparison with the specified limit,
and it shall not exceed the appropriate value given in
Appendix D.

5 Presentation of results

5.1 Results of tests in accordance with Method 1. The fol-
lowing information and test results shall be noted for all
tests in accordance with clause 3.

(1) Reference to this British Standard.

(2) Test on room suitability.

(3) Description of the machine, its conditions of
installation and operation.

(4) Dimensional sketch of the test room showing the
jocation of the machine and any significant objects in
the immediate vicinity.

(5) Meteorological conditions of test, namely ambient
temperature { °C), relative humidity (%) and barometric
pressure (N/m? (Pa)).
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(6) Make, model and serial number of sound level meter
used.
(7) Position of measurement points relative to machine.
(8) Results of sound level measurements {A) at each
measurement point.
(9) Background sound level {A)} at each measurement
point.
{10) Results of corrected sound level measurements (A)
at each measurement point.
(11) Radius r; and area S of the equivalent hemisphere.
{12) Mean sound power level (A).

5.2 Results of tests in accordance with Method II. The fol-

lowing information and test results shall be noted for all
tests in accordance with clause 4.
(1) Reference to this British Standard.
{2) Test on room suitability (see 3.3.1).
{3) Description of the machine, its conditions of
installation and operation.
(4) Dimensioned sketch of the test room showing the
location of the machine and any significant objects in
the immediate vicinity.
(5) Meteorological conditions of test, namely ambient
temperature { °C), relative humidity (%) and barometric
pressure (N/m? (Pa)).
{6) Make, model and serial numbers of microphone,
sound level meter and frequency analyser used, stating
band width and centre frequencies.
(7) Position of measurement points relative to machine.
{(8) Band sound pressure level measurements at each
measurement point.
{9) Background band sound pressure level measurements
at each measurement point.
(10) Band sound pressure level measurements at each
measurement point, after correction for background
noise.
{11) Sound lével measurements (A) at each measurement
point.
{(12) Background sound level (A) measurements at each
measurement point.
(13) Corrected sound level measurements (A) at each
measurement point.
(14) The radius rs and area S of the equivalent
hemisphere.
(16) Mean sound power level (A} as determined in
accordance with Test Method .
(16) The octave band mean sound pressure levels
calculated in accordance with 4.4.1.
{(17) The calculated mean octave band sound power
levels.
(18) The acceptability rating determined in accordance
with 4.4.7.
5.3 Test certificates
5.3.1 Test certificates for Test Method I. These shall
include the mean (A) weighted sound power level deter-
mined in accordance with 3.4.3.
5.3.2 Test certificate for Test Method /1. These shall

include the mean (A) weighted sound power level deter-
mined in accordance with 3.4.3, the mean (A) w,

fSac
octave band sound power levels determines in a Guments

with 4.4.6, and the acceptability ratingvicie appropriate,
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