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Abstract 

 

This American  National  Standard  specifies methods for determining the sound  power level  or sound 
energy level  of a noise source from sound  pressure levels measured  in  a reverberation  test room.  The 
sound  power level  (or,  in  the case of noise bursts or transient noise emission,  the sound energy level)  
produced by the noise source,  in  frequency bands of width  one-third-octave,  is calculated  using  those 
measurements,  including  corrections to al low for any differences between the meteorological  conditions 
at the time and  place of the test and  those corresponding to a reference characteristic impedance.  
Measurement and  calculation  procedures are given for both  a direct method  and a comparison  method  of 
determining the sound power level  and the sound energy level.  
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Foreword 

[This Foreword is for information only,  and is not a part of the American National Standard ANSI/ASA S12.51-2012 / 
ISO 3741:2010 American National Standard Acoustics — Determination of sound power levels and sound energy 
levels of noise sources using sound pressure — Precision methods for reverberation test rooms.] 
 

This standard comprises a part of a group of definitions,  standards,  and  specifications for use in  noise.   I t 
was developed and  approved by Accredited  Standards Committee S1 2,  Noise,  under its approved 
operating  procedures.   Those procedures have been accredited  by the American National  Standards 
Institute (ANSI).   The Scope of Accredited  Standards Committee S1 2 is as fol lows:   

Standards,  specifications,  and terminology in the field of acoustical noise pertaining to methods of 
measurement,  evaluation,  and control,  including biological safety,  tolerance,  and comfort,  and physical 
acoustics as related to environmental and occupational noise.  

This standard is a revision  of ANSI  S1 2.51 -2002 (R 2007) / ISO 3741 :1 999,  which  has been technically 
revised.    

This Standard  is identical  to International  Standard  ISO 3741 ,  Acoustics — Determination  of sound power 
levels and  sound energy levels of noise sources using  sound pressure — Precision methods for 
reverberation test rooms,  which  was prepared by Technical  Committee ISO/TC 43 Subcommittee SC 1 ,  
Noise.  However,  in  conformance with  ANSI  and  ISO rules,  the words "American National  Standard" 
replace the words "International  Standard" where they appear in  the ISO document,  decimal  points were 
substituted  in  place of the decimal  commas used in  ISO documents,  and  American English  spel l ing  is 
used  in  place of British  Engl ish  spell ing.  

The ANSI  or ANSI/ASA equivalents for the ISO standards in  the ISO 3740 series and  other referenced 
national ly adopted  standards are given below:  
 
•  ANSI  S1 2.5 / ISO 6926 is an  identical  national  adoption  of ISO 6926;  
•  ANSI/ASA S1 2.50/ISO 3740 is an  identical  national  adoption  of ISO 3740;  
• ANSI/ASA S1 2.51 /ISO 3741  is an  identical  national  adoption  of ISO 3741 ;  
• ANSI/ASA S1 2.53/Part 1 /ISO 3743-1  is an  identical  national  adoption  of ISO 3743-1 ;  
• ANSI/ASA S1 2.53/Part 2/ISO 3743-2 is an  identical  national  adoption  of ISO 3743-2;  
• ANSI/ASA S1 2.54/ISO 3744 is an  identical  national  adoption  of ISO 3744;  
• ANSI  S1 2.55/ISO 3745 is an  identical  national  adoption  of ISO 3745;  
• ANSI/ASA S1 2.56/ISO 3746 is an  identical  national  adoption  of ISO 3746;  and  
• ANSI/ASA S1 2.57/ISO 3747 is an  identical  national  adoption  of ISO 3747.  
 
At the time this Standard  was submitted  to Accredited Standards Committee S1 2,  Noise for approval,  the 
membership was as fol lows:  

W.J.  Murphy,  Chair 
R.D.  Hel lweg,  Vice-Chair 

S.B.  Blaeser,  Secretary 
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Introduction 

This American National  Standard  is one of the series ISO 3740[2]  to ISO 3747[8],  which  specify various 
methods for determining the sound power levels and  sound energy levels of noise sources including 
machinery,  equipment and  their sub-assemblies.  The selection  of one of the methods from the series for 
use in  a particular application  depends on  the purpose of the test to determine the sound power level  or 
sound energy level  and  on  the facil ities avai lable.  General  guidel ines to assist in  the selection  are 
provided  in  ISO 3740[2].  ISO 3740[2]  to ISO 3747[8]  g ive only general  principles regarding the operating 
and  mounting  conditions of the machinery or equipment for the purposes of the test.  I t is important that 
test codes be established  for individual  kinds of noise sources,  in  order to give detailed  requirements for 
mounting,  loading,  and  operating  conditions under which the sound power levels or sound energy levels 
are to be obtained.  

The methods given in  this American  National  Standard  require the source under test to be mounted  in  a 
reverberation  test room having specified  acoustical  characteristics.  The methods are then based  on  the 
premise that the sound power or sound energy of the source under test is d irectly proportional  to the 
mean-square sound  pressure averaged in  space and  time,  and  otherwise depends only on  the acoustical  
and  geometric properties of the room and  on  the physical  constants of air.  

For a source emitting  sound  in  narrow bands of frequency or at d iscrete frequencies,  a precise 
determination of the radiated  sound power level  or sound energy level  in  a reverberation  test room 
requires greater effort than for a source emitting  sound more evenly over a wide range of frequencies,  
because:  

a) the space- and  time-averaged  sound  pressure along a short microphone path,  or as determined  with  
an  array of a small  number of microphones,  is not always a good estimate of the space- or time-
averaged  mean-square pressure throughout the room;  

b) the sound power or sound energy radiated  by the source is more strongly influenced  by the normal  
modes of the room and  by the position  of the source within  the room.  

The increased measurement effort in  the case of a source emitting  narrow bands of sound or discrete 
tones consists of either the optimization  and  qual ification  of the test room or the use of a greater number 
of source locations and  microphone positions (or increased path  length  for a moving  microphone).  The 
addition  of low-frequency absorbers or the instal lation  of rotating  diffusers in  the test room can help to 
reduce the measurement effort.  

The methods specified  in  this American National  Standard  permit the determination  of the sound power 
level  and  the sound energy level  in  one-third-octave frequency bands,  from which octave band data,  A-
weighted  frequency data,  and  total  unweighted  sound can  be computed.  

This American  National  Standard  describes methods of accuracy grade 1  (precision  grade) as defined  in  
ISO 1 2001 .  The resulting  sound  power levels and  sound energy levels include corrections to al low for any 
differences that might exist between the meteorological  conditions under which the tests are conducted 
and  reference meteorological  conditions.  For applications in  reverberant environments where reduced 
accuracy is acceptable,  reference can be made to ISO 3743-1 [3],  ISO 3743-2[4]  or ISO 3747[8].  
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Acoustics — Determination of sound power levels and sound 
energy levels of noise sources using  sound pressure — 
Precision methods for reverberation test rooms 

1  Scope 

1 .1  General  

This American  National  Standard  specifies methods for determining the sound  power level  or sound 
energy level  of a noise source from sound  pressure levels measured  in  a reverberation  test room.  The 
sound  power level  (or,  in  the case of noise bursts or transient noise emission,  the sound energy level)  
produced by the noise source,  in  frequency bands of width  one-third-octave,  is calculated  using  those 
measurements,  including  corrections to al low for any differences between the meteorological  conditions 
at the time and  place of the test and  those corresponding to a reference characteristic impedance.  
Measurement and  calculation  procedures are given for both  a direct method  and a comparison  method  of 
determining the sound power level  and the sound energy level.  

In  general,  the frequency range of interest includes the one-third-octave bands with  mid-band frequencies 
from 1 00 Hz to 1 0 000 Hz.  Guidelines for the appl ication  of the specified  methods over an  extended 
frequency range in  respect to lower frequencies are given in  Annex E.  This American National  Standard  is 
not appl icable to frequency ranges above the 1 0 000 Hz one-third-octave band.  

NOTE For higher frequencies,  the methods specified  in  ISO 9295 can be used.  

1 .2 Types of noise and noise sources 

The methods specified  in  this American National  Standard  are suitable for al l  types of noise (steady,  non-
steady,  fluctuating,  isolated  bursts of sound energy,  etc. ) defined  in  ISO 1 2001 .  

The noise source under test can  be a device,  machine,  component or sub-assembly.  This American  
National  Standard  is appl icable to noise sources with  a volume not greater than 2 % of the volume of the 
reverberation test room.  For a source with  a volume greater than 2 % of the volume of the test room,  it is 
possible that the achievement of results as defined  in  ISO 1 2001 :1 996,  accuracy grade 1  (precision 
grade) is not feasible.  

NOTE In  specific cases,  the source volume can be increased to a maximum of 5 % of the room volume.  In  such 
cases,  the relevant noise test code indicates the possible consequences on  the measurement uncertainty.  

1 .3 Reverberation test room 

The test rooms that are applicable for measurements made in  accordance with  this American  National  
Standard  are reverberation test rooms meeting  specified  requirements (see Clause 5).  
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1 .4 Measurement uncertainty 

Information  is given on  the uncertainty of the sound power levels and  sound energy levels determined in  
accordance with  this American National  Standard,  for measurements made in  specific frequency bands 
and  for the A-weighted  sum of al l  frequency bands.  The uncertainty conforms to ISO 1 2001 :1 996,  
accuracy grade 1  (precision  grade).  

2 Normative references 

The fol lowing referenced documents are indispensable for the application  of this document.  For dated  
references,  only the edition  cited  applies.  For undated  references,  the latest edition  of the referenced 
document (including any amendments) applies 

ISO 3382-2,  Acoustics — Measurement of room acoustic parameters — Part 2: Reverberation time in 
ordinary rooms 

ISO 5725 (al l  parts),  Accuracy (trueness and precision) of measurement methods and results 

ISO 6926,  Acoustics — Requirements for the performance and calibration of reference sound sources for 
the determination of sound power levels 

ISO 1 2001 :1 996,  Acoustics — Noise emitted by machinery and equipment — Rules for the drafting and 
presentation of a noise test code 

ISO/IEC Guide 98-3,  Uncertainty in measurement — Part 3: Guide to the expression of uncertainty in 
measurement (GUM:1995) 

IEC 60942:2003,  Electroacoustics — Sound calibrators 

IEC 61 1 83,  Electroacoustics — Random-incidence and diffuse-field calibration of sound level meters 

IEC 61 260:1 995,  Electroacoustics — Octave-band and fractional-octave-band filters 

IEC 61 672-1 :2002,  Electroacoustics — Sound level meters — Part 1: Specifications 

3 Terms and definitions 

For the purposes of this document,  the fol lowing  terms and  definitions apply.  

3.1  
sound pressure 
p  
difference between instantaneous pressure and  static pressure 

NOTE 1  Adapted from ISO 80000-8:2007[21 ],  8-9.2.  

NOTE 2 Sound pressure is expressed in  pascals.  
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3.2 
sound pressure level  
Lp  

ten  times the logarithm to the base 1 0 of the ratio of the square of the sound pressure,  p,  to the square of 
a reference value,  p0,  expressed in  decibels 

2

2
0

1 0 lg dBp
p

L
p

  (1 ) 

where the reference value,  p0,  is 20 Pa 

[ISO/TR 2541 7:2007[20],  2.2]  

NOTE 1  I f specific frequency and  time weightings as specified  in  IEC 61 672-1  and/or specific frequency bands are 
appl ied,  this is indicated  by appropriate subscripts;  e.g.  LpA denotes the A-weighted  sound pressure level.  

NOTE 2 This definition  is technical ly in  accordance with  ISO 80000-8:2007[21 ],  8-22.  

3.3 
time-averaged sound pressure level  
Lp,T 

ten  times the logarithm to the base 1 0 of the ratio of the time average of the square of the sound pressure,  
p,  during  a stated  time interval  of duration,  T (starting  at t1  and  ending at t2),  to the square of a reference 

value,  p0,  expressed in  decibels 

2

1

2

, 2
0

1
( )d

1 0 lg dB

t

t
p T

p t t
T

L
p

 
 
 
 
 
 
 
  


 (2)  

where the reference value,  p0,  is 20 Pa 

NOTE 1  In  general,  the subscript “T”  is omitted since time-averaged sound pressure levels are necessarily 
determined  over a certain  measurement time interval.  

NOTE 2 Time-averaged sound pressure levels are often  A-weighted,  in  which  case they are denoted  by LpA,T,  

which is usually abbreviated  to LpA.  

NOTE 3 Adapted from ISO/TR 2541 7:2007[20],  2.3.  

3.4 
single event time-integrated sound pressure level  
LE 

ten  times the logarithm to the base 1 0 of the ratio of the integral  of the square of the sound pressure,  p,  of 
an  isolated  single sound  event (burst of sound or transient sound) over a stated time interval  T (starting  at 
t1  and  ending at t2) to a reference value,  E0,  expressed in  decibels 
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2

1

2

,
0

( )d

1 0 lg dB

t

t

E T

p t t

L
E

 
 
 
   
 
 
  


 (3) 

where the reference value,  E0,  is (20 Pa)
2  s  =  4    1 01 0  Pa2  s  

NOTE 1  This quantity can be obtained  by ,
0

1 0 lg dBp T

T
L

T
 ,  where T0  =  1  s.  

NOTE 2 When used to measure sound immission,  this quantity is usual ly cal led  “sound  exposure level”  
(see ISO/TR 2541 7:2007[20]).  

3.5 
measurement time interval  
T 
portion  or a multiple of an  operational  period  or operational  cycle of the noise source under test for which 
the time-averaged sound pressure level  is determined 

NOTE Measurement time interval  is expressed in  seconds.  

3.6 
reverberation test room 
test room meeting  the requirements of this American National  Standard 

3.7 
reverberant sound field 
that portion  of the sound  field  in  the test room over which the influence of sound received  directly from the 
source is negligible 

3.8 
reverberation time 
Tn  

duration  required  for the space-averaged  sound energy density in  an  enclosure to decrease 1 0n/1 0  (i .e.  
by n  dB) after the source emission  has stopped 

[ISO 80000-8:2007[21 ],  8-29]  

NOTE 1  Reverberation  time is expressed in  seconds.  

NOTE 2 The reverberation  time is frequency dependent.  

NOTE 3 For the purposes of this American National  Standard,  n  =  60,  and  the symbol  used is T60.  

3.9 
sound absorption coefficient 

  
at a given frequency and for specified  conditions,  the relative fraction  of sound power incident upon a 
surface which is not reflected 
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NOTE For the purposes of this American National  Standard,  sound  absorption  coefficients are calculated in  
accordance with  ISO 354[1 ].  

3.1 0 
equivalent sound absorption area 
A  

product of the area and  sound absorption coefficient of a surface 

NOTE Equivalent sound  absorption  area is expressed in  square metres.  

3.1 1  
reference sound source 
sound source meeting  specified  requirements 

NOTE For the purposes of this American National  Standard,  the requirements are those specified  in  
ISO 6926:1 999,  Clause 5.  

3.1 2 
frequency range of interest 
for general  purposes,  the frequency range of one-third-octave bands with  nominal  mid-band frequencies 
from 1 00 Hz to 1 0 000 Hz 

NOTE For special  purposes,  the frequency range can be extended or reduced,  provided  that the test 
environment and instrumentation  otherwise meet al l  requirements of this American National  Standard.  The frequency 
range can be extended downwards as far as the 50 Hz one-third-octave band  (see Annex E),  but cannot be extended  
upwards beyond the 1 0 000 Hz band.  Any reduced or extended frequency range is clearly indicated  as such in  the 
report.  

3.1 3 
background noise 
noise from al l  sources other than the noise source under test 

NOTE Background noise includes contributions from airborne sound,  noise from structure-borne vibration,  and  
electrical  noise in  the instrumentation.  

3.1 4 
background noise correction 
K1  

correction  appl ied  to the measured  sound pressure levels in  the reverberation  test room to account for the 
influence of background noise 

NOTE 1  Background noise correction is expressed in  decibels.  

NOTE 2 The background noise correction  is frequency dependent;  the correction  in  the case of a frequency band  
is denoted  K1 f,  where f denotes the relevant mid-band frequency.  

3.1 5 
sound power 
P 
through a surface,  product of the sound pressure,  p,  and  the component of the particle velocity,  un,  at a 

point on  the surface in  the direction  normal  to the surface,  integrated  over that surface 

[ISO 80000-8:2007[21 ],  8-1 6]  

NOTE 1  Sound power is expressed in  watts.  
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NOTE 2 The quantity relates to the rate per time at which  airborne sound energy is radiated  by a source.  

3.1 6 
sound power level  
LW 

ten  times the logarithm to the base 1 0 of the ratio of the sound power of a source,  P,  to a reference value,  
P0,  expressed in  decibels 

0
1 0 lg dBW

P
L

P
  (4) 

where the reference value,  P0,  is 1  pW 

NOTE 1  I f a specific frequency weighting  as specified  in  IEC 61 672-1  and/or specific frequency bands are applied,  
this is indicated  by appropriate subscripts;  e.g.  LWA denotes the A-weighted sound power level.  

NOTE 2 This definition  is technical ly in  accordance with  ISO 80000-8:2007[21 ],  8-23.  

[ISO/TR 2541 7:2007[20],  2.9]  

3.1 7 
sound energy 
J 
integral  of the sound power,  P,  over a stated  time interval  of duration  T (starting  at t1  and  ending at t2) 

2

1

( ) d

t

t

J P t t   (5) 

NOTE 1  Sound energy is expressed in  joules.  

NOTE 2 The quantity is particularly relevant for non-stationary,  intermittent sound  events.  

[ISO/TR 2541 7:2007[20],  2.1 0]  

3.1 8 
sound energy level  
LJ 

ten  times the logarithm to the base 1 0 of the ratio of the sound energy,  J,  to a reference value,  J0,  

expressed  in  decibels 

0
1 0 lg dBJ

J
L

J
  (6) 

where the reference value,  J0,  is 1  pJ  

NOTE I f a specific frequency weighting  as specified  in  IEC 61 672-1  and/or specific frequency bands are applied,  
this is indicated  by appropriate subscripts;  e.g.  LJA  denotes the A-weighted  sound energy level.  

[ISO/TR 2541 7:2007[20],  2.1 1 ]  
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4 Reference meteorological  conditions 

Reference meteorological  conditions for the purpose of determining the sound power level  and  sound 
energy level  are:  

a) air temperature:  23.0 °C;  

b) static pressure:  1 01 .325 kPa;  

c) relative humidity:  50 %.  

5 Reverberation test room 

5.1  General  

The reverberation  test room shall  be large enough and  have a low enough total  sound  absorption  to 
provide an  adequate reverberant sound field  for al l  frequency bands within  the frequency range of interest.  
Guidelines for the design  of rooms suitable for use in  determining sound power levels and  sound energy 
levels in  accordance with  this American National  Standard  are given in  Annex A.  Guidel ines for the 
design  of rotating  diffusing vanes in  the room are given in  Annex B.  

5.2 Volume and shape of test room 

The recommended minimum volume of the room is given in  Table 1 .  Al l  test rooms should  be qual ified  
using  Annex C.  For test rooms with  volumes less than the values shown in  Table 1  for the frequency 
range of interest,  or with  a volume exceeding 300 m3,  the adequacy of the room for broadband  
measurements shall  be demonstrated  using  the procedure specified  in  Annex C.  A room qual ification  
procedure for the measurement of discrete-frequency components is specified  in  Annex D,  which  also 
specifies a general  room qual ification  procedure as an  alternative to qualification  of individual  sources 
(using  8.4.2 or 8.5.2).  Information  is given in  Annex E to assist in  testing  at frequencies below 1 00 Hz.  

Table 1  — Recommended minimum volume of the reverberation test room as 
a function of the lowest frequency band of interest 

Lowest one-third-octave band 
frequency of interest 

Hz 

Minimum volume of the reverberation 
test room 

m3  

1 00 200 

1 25 1 50 

1 60 1 00 

≥200 70 

 

5.3 Sound absorption of test room 

The sound absorption  of the test room primari ly affects the minimum distance to be maintained  between 
the noise source under test and  the microphone positions.  I t also influences the sound radiation  of the 
source and  the frequency response characteristics of the test space.  For these reasons,  the sound 
absorption  of the test room shal l  be neither too large nor extremely small  (see Annex A).  
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Over the frequency range of interest,  al l  room surfaces within  one wavelength  of the noise source under 
test shall  be designed to be reflective with  an  absorption  coefficient less than 0.06.  I f low-frequency panel  
absorbers are required  as per Annex C and/or Annex D,  these devices may be mounted  within  one 
wavelength  (at the lowest frequency of interest) of the noise source under test,  but not closer than 1 .5 m.  
The remaining  surfaces shall  have absorptive properties such that the reverberation  time,  T60  (for 

measurement,  see 8.7),  in  seconds,  in  each one-third-octave band  below 6.3 kHz,  without the source 
under test in  place,  is numerically greater than  the ratio of V and  S:  

60
V

T
S

  (7) 

where 

V is the volume,  expressed in  cubic metres,  of the reverberation  test room;  

S is  the total  surface area,  expressed in  square metres,  of the test room.  

I f the requirement for the reverberation  time given by Inequality (6) is not met,  the adequacy of the room 
for broadband measurements shal l  be established by the procedure specified  in  Annex C.  

NOTE Above 5 kHz,  much of the absorption  in  the room is due to air.  Keeping the relative humidity above 50 % 
helps to avoid  excessive air absorption.  

5.4 Criteria for background noise 

5.4.1  Relative criteria for background noise 

5.4.1 .1  General  

The time-averaged sound pressure level  of the background noise in  each frequency band within  the 
frequency range of interest,  measured  and  averaged  (see 9.1 .3 and  9.2.3) over the microphone positions 
or traverses,  shall  be below the corresponding time-averaged  sound pressure level  of the noise source 
under test by at least:  

a) 6 dB for one-third-octave bands of mid-band frequency 200 Hz and below and  6 300 Hz and  above;  

b) 1 0 dB for one-third-octave bands of mid-band frequency from 250 Hz to 5 000 Hz.  

I f these requirements are met,  the background  noise criteria of this American  National  Standard  are 
satisfied.  

NOTE 1  The same criteria are applied  to single event time-integrated sound pressure levels:  the measurement 
time interval  for the time average is the same as the measurement time interval  associated  with  the single event.  

NOTE 2 The noise associated  with  the microphone traversing  mechanism,  if one is used for the measurements,  is 
considered  to be part of the background noise.  In  such cases,  the background noise is measured  with  the traversing 
mechanism operating.  

5.4.1 .2 Relative background noise criteria for frequency band measurements 

The requirements of 5.4.1 .1  may not be achievable in  al l  frequency bands,  even when the background 
noise levels in  the test room are extremely low and  well  control led.  Therefore,  any band  within  the 
frequency range of interest in  which  the A-weighted  sound power level  or sound energy level  (see 
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Annex F) of the noise source under test (after correcting  for background noise in  accordance with  9.1 .2 or 
9.2.2) is at least 1 5 dB below the highest A-weighted  band sound power or sound energy level  may be 
excluded from the frequency range of interest for the purposes of determining compliance with  the above 
criterion  for background noise.  

5.4.1 .3 Relative background noise criteria for A-weighted measurements 

I f the A-weighted  sound power level  or sound  energy level  is to be determined and  reported,  the fol lowing 
steps shall  be fol lowed  to determine whether this quantity meets the background noise criteria of this 
American National  Standard:  

a) the A-weighted  sound power level  or sound energy level  is computed  in  accordance with  the 
procedures in  this American  National  Standard  using the data from every frequency band  within  the 
frequency range of interest;  

b) the computation  is repeated,  but excluding those bands for which  Lp    6 dB for one-third-octave 

bands of mid-band frequency 200 Hz and  below and  6 300 Hz and above,  and  for which  Lp    1 0 dB 

for one-third-octave bands of mid-band frequency from 250 Hz to 5 000 Hz.  

I f the d ifference between these two levels is less than 0.5 dB,  the A-weighted  sound  power level  or sound 
energy level  determined  from the data for al l  bands may be considered  as conforming  to the background 
noise criteria of this American National  Standard.  

5.4.2 Absolute criteria for background noise 

I f i t can  be demonstrated  that the background noise levels in  the test room at the time of the 
measurements are less than  or equal  to those given in  Table 2 for al l  bands within  the frequency range of 
interest,  the measurements can be taken as having met the background  noise requirements of this 
American  National  Standard,  even if the 6 dB or 1 0 dB requirements are not met for al l  bands.  I t can  be 
assumed that the source emits l i ttle or no measurable noise in  these frequency bands,  and  that the data 
reported  represent an  upper bound to the sound  power level  or sound energy level  in  these bands.  

In  the case where some of the measured levels from the source under test are less than  or equal  to those 
given in  Table 2,  the frequency range of interest may be restricted  to a contiguous range of frequencies 
that includes both  the lowest and  highest frequencies at which  the sound  pressure level  from the noise 
source exceeds the corresponding value in  Table 2.  In  such cases,  the applicable frequency range of 
interest shall  be reported.  

5.4.3 Statement of non-conformity with  background noise criteria 

I f neither the relative criteria of 5.4.1  nor the absolute criteria in  5.4.2 are met,  the report shal l  clearly state 
that the background  noise requirements of this American National  Standard  have not been met,  and  shall  
identify the particular frequency bands that do not meet the criteria.  Furthermore,  the report shall  not state 
or imply that the measurements have been made “in  ful l  conformity” with  this American National  Standard.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Full document details: ANSI ASA S12.51-2012

http://www.avadocuments.com/doc/ansi-asa-s12-51-2012
http://www.avadocuments.com/doc/ansi-asa-s12-51-2012


ANSI/ASA S1 2.51 -201 2 / ISO 3741 :201 0 

1 0 © 201 2 Acoustical  Society of America—All  rights reserved

 

Table 2 —Absolute maximum background noise levels in  test room 

One-third-octave mid-
band frequency 

Hz 

Maximum band sound 
pressure level  

dB 

50 42 
63 39 
80 36 
1 00 33 
1 25 30 
1 60 27 
200 24 
250 21  
31 5 1 8 
400 1 5 
500 1 2 
630 1 1  
800 1 1  
1  000 1 0 
1  250 1 0 
1  600 1 0 
2 000 1 0 
2 500 1 0 
3 1 50 1 0 
4 000 1 0 
5 000 1 0 
6 300 1 0 
8 000 1 0 
1 0 000 1 0 

 

5.5 Atmospheric temperature,  humidity and pressure 

In  the region  where the microphones are located,  the variations of atmospheric temperature and  relative 
humidity shall  be within  the l imits shown in  Table 3.  

Measurements of atmospheric pressure shall  be made to within  1 .5 kPa.  

The l imits of Table 3 are general ly sufficient.  However,  other temperature and  humidity conditions may be 
specified  in  noise test codes for specific equipment types,  especial ly if the operation  of the equipment or 
noise emission  levels depend on  ambient conditions.  In  such cases,  those conditions shal l  be appl ied.  
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Table 3 — Allowable l imits in  the variation of atmospheric temperature and 
relative humidity during  measurements in  the reverberation test room 

Ranges of 
temperature 

  

°C 

Ranges of relative humidity 

% 

  30 % 30 % to 50 %   50 % 

Allowable l imits for temperature and relative humidity 

  5  ≤      1 0   1  °C,    3  %   1  °C,    5  %   3  °C,    1 0 % 

1 0 ≤      20   1  °C,    3  %   3  °C,    5  %   3  °C,    1 0 % 

20 ≤    ≤  50   2  °C,    3  %   5  °C,    5  %   5  °C,    1 0 % 

 

6 Instrumentation and measurement equipment  

6.1  General  

The instrumentation  system,  including the microphones and  cables,  shall  meet the requirements of 
IEC 61 672-1 :2002,  class 1 ,  and  the fi l ters shall  meet the requirements of IEC 61 260:1 995,  class 1 .  The 
reference sound source,  if employed for the comparison method (see 8.1 ),  shal l  meet the requirements 
given in  ISO 6926.  

6.2 Calibration 

The microphones shall  be cal ibrated  for random incidence as specified  in  IEC 61 1 83.  

Before and  after each series of measurements,  a sound cal ibrator meeting  the requirements of 
IEC 60942:2003,  class 1  shal l  be appl ied  to each microphone to verify the cal ibration  of the entire 
measuring  system at one or more frequencies within  the frequency range of interest.  Without any further 
adjustment,  the difference between the readings made before and  after each series of measurements 
shall  be less than  or equal  to 0.5 dB.  I f this value is exceeded,  the results of the series of measurements 
shall  be d iscarded.  

The cal ibration  of the sound cal ibrator,  the compliance of the instrumentation  system with  the 
requirements of IEC 61 672-1 ,  the compliance of the fi l ter set with  the requirements of IEC 61 260,  and,  i f 
used,  the compliance of the reference sound source with  the requirements of ISO 6926,  shall  be verified  
at intervals in  a laboratory making cal ibrations traceable to appropriate standards.  

Unless national  regulations dictate otherwise,  i t is recommended that the sound cal ibrator should  be 
cal ibrated  at intervals not exceeding  1  year,  the reference sound source should  be cal ibrated  at intervals 
not exceeding 2 years,  the compliance of the instrumentation  system with  the requirements of IEC 61 672-
1  should  be verified  at intervals not exceeding  2 years,  and  the compliance of the fi l ter set with  the 
requirements of IEC 61 260 should  be verified  at intervals not exceeding 2  years.  
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7 Definition,  location,  installation,  and operation of noise source under test 

7.1  General  

I t is important to decide which  components,  sub-assemblies,  auxil iary equipment,  power sources,  etc. ,  
constitute integral  parts of the noise source whose sound power level  or sound  energy level  is to be 
determined.  I t is important also to define the manner in  which  the source is instal led  and  operated  for the 
test,  since both  these factors can  have a significant influence on  the sound power or sound energy 
emitted.  This clause describes the approach to be adopted  in  setting  up the source for testing  and  in  
defining the conditions,  so as to achieve an  arrangement which is reproducible and  which  can be related 
clearly to the results obtained.  

This American National  Standard  gives general  specifications relating  to noise source definition,  
instal lation  and  operation,  but these are overridden by the instructions and  specifications of a noise test 
code,  if any exists,  for the particular type of source under test.  

7.2 Auxiliary equipment 

Care shal l  be taken to ensure that any electrical  conduits,  piping  or air ducts connected to the noise 
source under test do not radiate significant amounts of sound energy into the test environment.  

I f practicable,  al l  auxil iary equipment necessary for the operation  of the noise source under test that is not 
a part of i t shal l  be located outside the reverberation  test room.  I f this is impractical,  care shal l  be taken  to 
minimize any sound radiated  into the room from such equipment.  The noise source under test shal l  be 
taken to include al l  significant sources of sound emission,  including auxi l iary equipment which cannot 
either be removed  or adequately quieted.  

7.3 Noise source location 

The noise source to be tested  shall  be instal led  in  the reverberation  test room at one or more locations 
relative to the boundary surfaces,  as if i t were in  normal  use.  I f a particular position  is not otherwise 
specified,  the source shal l  be placed on  the floor at least 1 .5 m from any wall  of the room.  I f two or more 
source positions are necessary in  accordance with  8.4.2.4 or Annex D,  the d istance between different 
positions shall  be equal  to or larger than the half wavelength  of sound corresponding  to the lowest mid-
band frequency of measurement.  In  the case of a test room having a rectangular floor,  the noise source 
under test shall  be placed  asymmetrical ly on  the floor.  

Tabletop equipment shal l  be placed on the floor of the reverberation  test room,  at least 1 .5 m from any 
wal l ,  unless a table or stand  is considered  essential  for normal  operation.  In  the latter case,  the equipment 
shall  be placed at the centre of the tabletop,  and  the source and  table shall  be regarded  as an  integral  
whole for the purpose of the test.  

7.4 Installation and mounting  conditions 

In  many cases,  the sound power or sound energy emitted  by a source is affected  by the support or 
mounting  conditions.  Whenever a typical  condition  of mounting  exists for the noise source under test,  that 
condition  shall  be used  or simulated,  if feasible.  

Mounting  conditions specified  or recommended by the manufacturer of the noise source under test shall  
be used  unless otherwise specified  in  any relevant noise test code.  I f a typical  mounting  condition  does 
not exist,  or cannot be uti l ized  for the test,  or if there are several  alternative possibi l i ties,  care shal l  be 
taken to ensure that the mounting  arrangement does not induce a variabi l ity in  the sound output of the 
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source which is atypical.  Precautions shall  be taken to reduce any sound radiated  from the structure on 
which  the noise source is mounted.  

Many small  sound sources,  although themselves poor radiators of low-frequency sound,  can,  as a result 
of the method of mounting,  radiate more low-frequency sound  when their vibrational  energy is transmitted 
to surfaces large enough to be efficient radiators.  In  such  cases,  resi l ient mounting  shall  be interposed,  if 
possible,  between the noise source under test and  the supporting  structure,  so that the transmission  of 
vibration  to the support and  the reaction  of the source are both  minimized.  In  this case,  the mounting 
base should  be rigid  (i .e.  have a sufficient high  mechanical  impedance) to prevent it from vibrating  
excessively and  radiating  sound.  However,  resi l ient mounts shal l  be used  only if the noise source under 
test is resil iently mounted  in  typical  field  instal lations.  

Coupl ing  conditions,  e.g.  between prime movers and  driven machines,  can  exert considerable influence 
on  the sound  radiation  of the noise source under test.  I t may be appropriate to use a flexible coupl ing,  but 
similar considerations apply to these as to resil ient mounts.  

Noise sources that are hand  held  in  normal  usage shall  either be held  by hand  for the purpose of test,  or 
suspended in  such a way that no structure-borne sound is transmitted  via any attachment that does not 
belong  to the noise source under test.  I f the noise source under test requires a support for i ts operation 
during  testing,  the support structure shall  be small ,  considered  to be a part of the noise source under test,  
and  as described  in  the relevant noise test code,  if any exist.  

Base-mounted  machinery and  equipment intended exclusively for mounting  in  front of a wall  shal l  be 
instal led  on  an  acoustical ly hard  floor surface in  front of an  acoustical ly hard  wal l .  Wall-mounted 
machinery and  equipment shall  be placed on  an  acoustical ly hard  wall .  

7.5 Operation of source during  test 

The sound power or sound  energy emitted  by a source can  be affected  by the load  appl ied,  the running 
speed,  and  the conditions under which i t is operating.  The source shall  be tested,  wherever possible,  
under conditions that are reproducible and  representative of the noisiest operation  in  typical  usage.  The 
specifications given in  a noise test code,  if any exists,  shal l  be fol lowed,  but in  the absence of a noise test 
code one or more of the fol lowing modes of operation  shall  be selected  for the test(s):  

a) source under specified  load and  conditions;  

b) source under ful l  load  [if d ifferent from a)];  

c) source under no load  (idl ing);  

d) source at maximum operating  speed under defined  conditions;  

e) source operating  under conditions corresponding to maximum sound generation  representative of 
normal  use;  

f) source with  simulated  loading,  under defined  conditions;  

g) source undergoing a characteristic work cycle under defined  conditions.  

The source shal l  be stabi l ized  in  the desired  operating  condition,  with  any power source or transmission 
system running at a stable temperature,  prior to the start of measurements for sound  power level  or 
sound  energy level  determination.  The load,  speed  and  operating  conditions shall  either be held  constant 
during  the test,  or varied  through a defined  cycle in  a control led  manner.  
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I f the sound power or sound energy emission  depends on  secondary operating  parameters,  e.g.  the type 
of material  being  processed or the design  of cutting  tool,  those parameters shall  be selected,  as far as is 
practicable,  that give the smallest variations and  that are typical  of normal  use.  I f simulated  loading 
conditions are used,  they shal l  be chosen such that the sound power levels or sound  energy levels of the 
source under test are representative of normal  use.  

The noise emission  levels for certain  equipment,  e.g.  electronic equipment with  speed-control led  cooling 
fans or air-conditioning  equipment containing  compressors,  may be greatly affected  by the ambient 
temperature in  the test room.  I f not otherwise specified,  such as in  an  applicable test code,  i t is 
recommended  that for such  equipment the ambient temperature in  the test room be set at a value typical  
of i ts operation,  maintained to within    2  °C,  and  reported.  

8 Measurements in  the reverberation test room  

8.1  General  

Procedures are described  for two alternative methods of determining sound power levels and  sound 
energy levels:  

a) the method using  the equivalent sound absorption  area of the reverberation  test room,  referred  to as 
the direct method;  

b) the method  using  a reference sound source of known sound power level,  referred to as the 
comparison method.  

Both  methods are applicable over the range of one-third-octave bands with  nominal  mid-band  frequencies 
from 1 00 Hz to 1 0 000 Hz,  but for special  purposes the range may be extended downwards in  frequency 
as far as the one-third-octave of mid-band frequency 50 Hz (see 3.1 2),  by fol lowing the guidelines given  
in  Annex E.  

8.2 Initial  location of the noise source under test 

For the direct method,  the noise source under test shall  be located  in  the reverberation  test room at an  
initial  position,  selected  in  accordance with  7.3.  

8.3 Microphone positions 

For both  the d irect method and  the comparison  method,  the numerical  value of the minimum distance,  
dmin,  in  metres,  between the noise source under test and  the nearest microphone position,  for each 

frequency band of interest,  shall  be not less than:  

min 1
60

V
d D

T
  (8) 

where 

D1  =  0.08;  

V is the volume,  in  cubic metres,  of the reverberation  test room;  
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