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Foreword

_This Part of this British Standard has been prepared under
the authority of the Refrigeration, Heating and Air
Conditioning Standards Committee in response to requests
from industry. It forms Part 2 of a British Standard for
testing and rating air terminal devices. Part 1 deals with
aerodynamic testing; this Part with acoustic testing.

In the absence of standards for suitable basic acoustic
testing methods, for reference purposes, this part of the
standard has been drafted as a self-contained document and
includes full and comprehensive requirements for the
acoustic testing of air terminal devices. It is anticipated that
one of the draft international standards and proposals
which form the parts of the acoustic testing methods for
small sound sources, being prepared in 1SO/TC43/SC1, will
meet the need for a basic reference document; when it is
published, this Part of the standard will be reviewed and its
format changed accordingly.

This testing and rating standard has been designed to
produce information by means of which the characteristics
of similar air terminal devices made by various
manufacturers can be compared. Since the effect of damper
closure, when dampers are an integral part of the device,
influences both the aerodynamic and acoustic performance,
this factor has been omitted from the standard.

However, guidance on these effects will be given in a
subsequent code of practice.

The committee acknowledge that they are indebted to the
Building Services Research and Information Association for
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their preliminary work carried out under a Department of
Trade and Industry contract for research and development.
The assistance of subcommittee RHE/-/4 ‘Co-ordination of
acoustic testing methods’ has been of great value.

The committee also acknowledge the value of the work
carried out, under the auspices of the EUROVENT
organization, to standardize and to define terms in common
use in air diffusion throughout Europe. These terms have
the additional virtue of being readily translatable into the
French and German languages.

For the purposes of this standard, air diffusion is defined
{see clause 3) as the distribution of the air in a space called
the treated space by means of devices called air terminal
devices, in a manner to satisfy certain specified conditions
such as air change rate, pressure, cleanliness, temperature,
humidity, air velocity and noise level, in a determined zone
within this space that is called the occupied zone.

Air terminal devices form the common boundaries between
the treated space and the air distribution system.

NOTE. For normal applications in human comfort environment the
occupied zone is geometrically limited at 0.15 m from all room
surfaces with a height of 1.80 m above the floor. For other
environmental conditions the boundaries of the occupied zone
should be specified.

For the purpose of this standard air distribution is defined
(clause 3) as the transportation of a specified air flow to or
from the treated space or spaces, generally by means of
ducts.
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British Standard Methods for

Testing and rating air terminal devices
for air distribution systems

Part 2. Acoustic testing

Section one. General 4. Nomenclature
1. Scope The following nomenclature is used throughout this
This Part of this British Standard deals with methods of standard: '
testing and rating for sound power emission from the air . Unit
terminal devices to which Part 1 applies (see 1.1 of L,  mean octave band (or one-third
BS 4773 : Part 1: 1971). It gives instruction for calcula- octave band) sound pressure level
tions and for the interpolation and extrapolation of test dB re 20 pPa dB
results. Ly, mean octave band {or one-third
Air terminal devices usually produce steady broad band octave band) reference sound
noise without significant discrete frequency components, pressure {evel dB re 20 pPa dB
but a procedure for checking this is given in clause 8. L., octave band {or one-third octave
Only relatively small air terminal devices are dealt with. band) sound power level

dBre 1 pW dB

L., . octave band (or one-third octave

2. References band) reference sound power
The titles of the standards publications referred to in this level dB re 1 pW dB
standard are listed on the inside back cover. Q air volume flow rate at test

conditions m¥s

L free area of air terminal device m
3. Definitions

For the purposes of this Part of BS 4773 the following

Ag
Ay neck area of air terminal device =~ m
definitions apply, together with those given in BS 661 and fe

octave band (or one-third octave

. band -
in BS 4773 : Part 1. . an |) C.e:tfe frequency HZ
3.1 air diffusion. The distribution of the air in a space total surface area of the room  m
called the treated space by means of devices called air T reverberation time of the room s, To=1s
terminal devices, in a manner to satisfy certain specified %4 volume of the room m?, Vo=1m?
conditions such as.a!r cha‘nge ratfz, pressure., cleanllr?ess, A wavelength at the centre
temperf:\ture, humlt.jlt\f, alr.velomty and.nmse Ievc;l ina frequency of the octave (or
detern.wlned zone within this space that is called the one-third octave band) m
occupied zone. R
B barometric pressure mbar
3.2 air distribution. The transportation of a specified air
flow to or from the treated space or spaces, generally by
means of ducts.
3.3 frequency range of interest. For general purposes, 5. Use of data

those octave bands with centre frequencies between 125 Hz  The data obtained from the tests specified may be used for
and 8000 Hz, excluding any band in which the level is more  the following purposes:

than 40 dB below the highest octave band pressure level, The
The one-third octave bands of interest are those with centre
frequencies between 100 Hz and 10 000 Hz, excluding any

(a) the specification of the acoustic performance of the
air terminal devices;

band in which the level is more than 40 dB below the (b} verification that the acoustic performance conforms
highest band pressure level. For special purposes, other to a specification;
frequency ranges of interest may be defined depending upon (c} comparison between the acoustic performance of
upon the characteristics of the noise source. different air terminal devices;
3.4 insertion loss. The difference in the output sound (d) the calculation of the sound pressure level at a
power levels of a system before and after the insertion of distance from the air terminal devices within a
the component. reverberant field.
Documents
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6. Precision

The calibration and measurement procedures of this Part of
the standard are-designed to determine the sound power
levels of sources of broad band sound within the range of
accuracy shown in table 1.

NOTE,. The ranges shown in table 1 assume that the measurements
have been taken with care, and tests carried out in accordance with
this standard, but take into account the cumulative effect of all
causes of uncertainty such as the accuracy of calibration of the
sound source, the accuracy of the sound-measuring equipment and
the degree of imprecision inherent in the sampling of the sound
field.

Table 1. Range of accuracy in determining sound
power levels of broad band sources in reverberation
rooms

PARTx2 76 EE 1b24bLY 0293823 & M

8. Discrete frequency components

The presence of a discrete frequency component in any
one-third octave band means that any measurements in this
band are of doubtful value. Measurements may be made in
either one-third or one octave bands not containing the
discrete frequency and these will have the usual accuracy.

It is often possible to identify the existence of a discrete
frequency component by subjective appraisal in the test
room if the listening position is varied, otherwise the
presence of significant discrete frequency components in
the sound spectrum shall be determined from a test using
one-third octave filters and carried out in the frequency
range 80 Hz to 12 000 Hz, in accordance with clause 13.

A discrete frequency component shall be assessed as being
significant and present in a one-third octave band if the

f, octave Range of f, One-third Range of sound. power level in that one-third octave band e.xceeds

band accuracy octave band accuracy the arithmetic average of the sound power levels in the

e a8 Hz P two adjacent bands by at least the amount shown below.

125 +4 100 to 160 +6

250 +3 200 to 315 + One-third octave

500, 1000, 2000 x2 400 to 5000 +3 band centre

and 4000 frequency

8000 4 6300 to 10 000 +8 (in Hz) 100 125 160 200 250 315—10 000
Difference

Section two. Testing
7. Instrumentation

7.1 Acoustic instrumentation. Sound-measuring equipment
that complies with BS 4197 shall be used. An extension
cable shall be provided to separate the microphone from
the instruments.

The filters shall comply with BS 2475, The use of a level
recorder or similar automatic recording apparatus is
permitted provided that the overall performance of the
complete equipment meets the requirements of BS 4197,

7.2 Calibration. The acoustic performance of the sound
analysis equipment shall be checked, and any specified
adjustments made, immediately before each series of noise
measurements, and the calibration rechecked immediately
after each series. Instrument drift shown by the recheck
shall not exceed 0.5 dB.

The calibration equipment should be tested periodically
for compliance with BS 4197 at a laboratory equipped with
the necessary calibration equipment.

The random incidence calibration of the microphone shall
be used.

7.3 Windshields. When a moving air stream is likely to
affect the measurements, the microphone shall be fitted
with a suitable windshield and the appropriate correction
be applied for the direct method of test.

In the case of the substitution method of test (10.2) a
windshield correction is unnecessary when the same
windshield is used for all tests.

7.4 Other instrumentation. Measurements of air flow, air
pressure and temperature associated with the determination
of the performance of the device during the course of an
acoustic test shall be in accordance with BS 4773:Part 1.

(in dB) 6 5 4 3 3 2

9. Method of measurement

The method of measurement of sound power level shall be
the diffuse field method as described in BS 4196.

The method requires the measurement of the sound
pressure level in a reverberant room.

9.1 Room suitability. The room in which the noise
measurements are made shall be a large enclosure in which
the sound field generated by a broad band noise source
shall be substantially diffuse.

NOTE. A test room with a volume of 180 m? and reflecting walls,
floor and ceiling will probably be found to be satisfactory for items
of equipment with a maximum size of any one dimension not
exceeding 2 m. For a rectangular-shaped room ratios between the
dimensions of the room surfaces of 1:1,1:2 or 1:3 and larger
should be avoided. Rooms with a volume less than 180 m® may have
some difficulty in meeting the requirements of this proposal for
precision of measurements in the lowest frequency bands and also in
providing the space necessary for a microphone survey unless the
item of equipment is relatively small.

9.2 Measurement procedure. Two techniques for the
determination of the mean sound pressure level in the test
room are specified.

Method 1. The measurement of the sound pressure ievel
at a sufficient number of discrete stations to determine
the mean sound pressure level.

Method 2. A traversing microphone covering a path
length sufficiently long to determine the mean sound
pressure level.

During the full test to measure the acoustic performance of
an item of equipment the maximum permitted variations in
the air temperature and relative humidity in the test room
are £ 5 °C and 5 %r.h. respectively.
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9.2.1 Measurement procedure: method 1 (fixed measuring
stations). Measurements of sound pressure level shall be
taken at a number of microphone stations in the test room.
The number of stations required for the complete survey
shall be determined by the range of the measurements™
obtained during the test and shall be as follows:

Band centre frequency

Range of 125 Hz octave 250—8000 Hz octave

measurements® 100—160 Hz one- 200—10 000 Hz one-
third octave third octave

dB

up to 2 6 5

3 6 6

4 6 8

5 8 10

6 9 12

7 11 Range too large

8 13 Range too large

greater than 9 Range too large Range too large

*Range of measurements = maximum reading {dB) — minimum
reading (dB), in each frequency band.

When determining the number of microphone stations
required for measurements, all observations shall be taken
into account and the number of stations increased until
the relationship between the range of measurements and
the number of stations complies with the table. If the
range of measurements exceeds those given, the room is
not suitable for a diffuse field testT.

9.2.1.1 Microphone stations. The microphone stations shall
be positioned so that they are:

(a) not less than 3 m from the centre of the air terminal
device,

{b) not less than 1 m from any surface of the test room
or the test installation,

(c) at least 1 m from any other microphone station.

9.2.1.2 Determination of mean sound pressure level.

The mean band sound pressure level shall be calculated
from the observations at each of the microphone stations
by averaging according to the following equation:

L 101 ! [antilog £ + antilog =2
= - og — antilog — ....
p 0dj10 n antt 910 910

L
cF antilog1—é1

L, is the mean band sound pressure level {in dB)
L is the band sound pressure level at station 1 (in dB)
L, is the band sound pressure fevel at station 2 (in dB)
L, is the band sound pressure level at:station n {in dB)
n is the number of microphone stations.
NOTE. When the range of measurements for a particular frequency
band does not exceed 4 dB, an arithmetical average will give a
sufficiently accurate value for L, in that band.
9.2.2 Measurement procedure: method 2 (traversing
method). The suitability of the test room for the
determination of mean sound pressure level by a
traversing microphone shall be established by room
qualification test {9.2.2.1). The suitability of the room
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shall be re-established with the test installation in place if
the latter makes any significant change to the acoustic
characteristics of the room,

9.2.2.1 Room qualification test. The procedure for this
test shall be as follows.

(a) Position a sound reference source in accordance with
10.2.2,

{b) With the reference sound source operating, measure
the sound pressure level at 12 distinct stations in the
room. The positions of these microphone stations shall
comply with 9.2,1.1

If the range of measurements in any octave {(or one-third
octave) band does not exceed 6 dB, the room is suitable for
the traversing method to be used.

If this requirement is not met, then the room should be
modified to increase its reverberation time or a larger room
should be used.

9.2.2.2 Microphone traverse path. The microphone shall be
traversed at approximately constant speed along a path
which may be either a line or a circle. The minimum
requirements for the traverse path are as follows.

Band centre frequency

Traverse path 125 Hz octave. 250 Hz to 8000

details 100 Hz to 160 Hz | Hz octave.
one-third 200 Hz to 10000 Hz
octave one-third

octave

Length for line 6 4

traverse path (m)

Number of separate

circular traverses

Circle diameter 1 m 3 2

Circle diameter 1.26m | 2 2

Circle diameter 1.5 m 2 1

Circle diameter 2m 1 1

All points on the traverse paths shall be at least 3 m from
the noise source and 1 m from any room surface or part of
the test installation. The traverse path shall not be parallel
to any room surface.

Where more than one traverse line or circle is required to
meet the requirements set out in the above table the
minimum spacing between adjacent traverses shall be at
least 1 m.

9.2.2.3 Mean sound pressure level. The mean sound
pressure level shall be the average of the reading taken by
the sound-measuring equipment during the microphone
traverse. The period of traversing shall be sufficient for an
accurate mean value to be assessed.

10. Determination of sound power level

The sound power level can be determined from the mean
sound pressure level in the test room by one of the
following methods.

{a) Direct method: this determines the absorption
characteristics of the test room from the measurement
of the reverberation time.

(b) Substitution method: this compares the mean sound
pressure levels generated by the equipment under test
with those produced by a reference sound source of
known sound power level.,

t1t may be possible to reduce the range of measurements by modifying the absorption characteristics of the test D:p.m&nlﬁise
this may be done by introducing large reflecting surfaces. Where a significant discrete tone is present 2t 't e lower frequencies the introduction
of some limited low-frequency wall absorption may be necessary {see clause 14).
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