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Foreword

[This Foreword is for information only and is not a part of the American National Standard ANSI/ASA S1.4-
2014/Part1 / IEC 61672-1:2013 American National Standard Electroacoustics — Sound level meters — Part 1:
Specifications. As such, this Foreword may contain material that has not been subjected to public review or a
consensus process. In addition, it does not contain requirements necessary for conformance to the standard.]

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

Standards, specifications, methods of measurement and test, and terminology in the field of physical
acoustics, including architectural acoustics, electroacoustics, sonics and ultrasonics, and underwater sound,
but excluding those aspects which pertain to biological safety, tolerances, and comfort.

This nationally adopted international standard is a revision of ANSI S1.4-1983 (R 2006), ANSI S1.4A-
1985 (R 2006), and ANSI S1.43-1997 (R 2007), which have been technically revised.

This standard is identical to IEC 61672-1:2013, which was prepared by IEC Technical Committee 29, in
cooperation with the International Organization of Legal Metrology (OIML). However, in conformance with
ANSI and IEC rules, the words “this part of ANSI/ASA S1.4 / IEC 61672” replace the words “this part of
IEC 61672” where they appear in the IEC document, decimal points were substituted in place of the
decimal commas used in IEC documents, and American English spelling is used in place of British
English spelling. An informational annex is also included that is not found in IEC 61672/Part 1. In
accordance with clause A.1 b) of ANSI Procedures for the National Adoption of ISO and IEC Standards
as American National Standards, a standard will still be considered identical if it includes “any regional or
national informative material (e.g. informative annexes that do not alter, add to or delete from the
provision of the ISO or IEC standard); examples of informative material are advice to users, training
guidance or suggested forms or reports.”

This standard includes six Annexes. Annexes B, D and E are normative and are considered to be a part
of this standard. Annexes A and C are informative and are not considered part of this standard. Annex F
is additional, totally informative material for U.S. users and is shown in [bold, blue text within a blue|

[border|

The ANSI/ASA equivalents for the IEC standards in the IEC 61672 series are given below:

+ ANSI/ASA S1.4-2014/Part 1 / IEC 61672-1:2013 is an identical national adoption of IEC 61672-1:2013.
» ANSI/ASA S1.4-2014/Part 2/ IEC 61672-2:2013 is an identical national adoption of IEC 61672-2:2013.

* ANSI/ASA S1.4-2014/Part 3/ IEC 61672-3:2013 is an identical national adoption of IEC 61672-3:2013.
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At the time this Standard was submitted to Accredited Standards Committee S1, Acoustics for approval,
the membership was as follows:

R.J. Peppin, Chair
A. Scharine, Vice-Chair

S.B. Blaeser, Secretary

3M Personal Safety Division, Detection Solutions..............c.cccoociiiiiiii e P.J. Battenberg
.................................................................................................................................................... M. Wurm (Alt.)
Acoustical Society Of AMEIICA...........coccuiiiiiiiii s R.J. Peppin
Air-Conditioning, Heating and Refrigeration Institute .....................ccooi e S.J. Lind
.................................................................................................................................................. D. Abbate (Alt.)
American Industrial Hygiene ASSOCIation ..............c..ccoci i D. Driscoll
................................................................................................................................................ D. Sandfort (Alt.)
Campanella ASSOCIALES ...........oouiiiiii et A.J. Campanella
Casella USA ... ettt et h e et e e e b e e n e e e e e e e e e e ae e s R. Brauch
ETS-Lindgren ACOUSLIC SYSTEMS.........cooiiiiiiiiiiii e e D. Winker
.................................................................................................................................................... M. Black (Alt.)
G.R.A.S. SouNd & VIBration..............coccuiiiiiiiiii e e e J. Soendergaard
............................................................................................................................................. B. Schustrich (Alt.)
Information Technology Industry COUNCil ................c.ccoiiiiiiiii e, W.M. Beltman
............................................................................................................................................. J. Rosenberg (Alt.)
National Council of Acoustical Consultants................cc.ccoviiiiiii i E. Logsdon
............................................................................................................................................... G.E. Winzer (Alt.)
National Institute of Standards & Technology (NIST) .........cccooiiiiiiiiiii e D.J. Evans
.............................................................................................................................................. R.P. Wagner (Alt.)
PCB GFOUP ...ttt ettt ettt et e e a e e s et eea et o1 e bt e e ae e e s et e e ea bt e sa e e e e b et e b e e san et e be e e ne e e e aneenanes K. Cox
.............................................................................................................................................. L. Harbaugh (Alt.)
SCANTEK, INC. . ...t e e e e e e e e e e e et — e e e e e e e e eeeaar e e e e e e e aeananaeaean S. Marshall
.................................................................................................................................................. M. Golden (Alt.)
U.S. AIF FOrCE (USAF) ...ttt st e e s e e s raan e e snne s R.L. McKinley
.................................................................................................................................................. F. Mobley (Alt.)
U.S. Army Construction Engineering Research Laboratory ................ccocccciiiiiiniiinnneen. M. Swearingen
................................................................................................................................................. M.J. White (Alt.)
U.S. Army Research Laboratory, Human Research and Engineering Directorate .................. A. Scharine
................................................................................................................................................. M. Ericson (Alt.)
U.S. Department of Labor — Mine Safety and Health Administration................................ J.P. Seiler
................................................................................................................................................... J. Homer (Alt.)
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Individual Experts of Accredited Standards Committee S1, Acoustics, were:

V. Buzduga W.W. Lang C. Walber
P. Hanes V. Nedzelnitsky L. Wu
P.D. Schomer

Working Group S1/WG 17, Sound Level Meters and Integrating Sound Level Meters, which assisted Accredited
Standards Committee S1, Acoustics, in the development of this standard, had the following membership.

G.R. Stephany, Chair

M. Alexander B.M. Brooks P. Hanes
R.J. Anderson K. Cox R.J. Peppin
P.J. Battenberg J.J. Earshen J.P. Seiler

Suggestions for improvements to this standard will be welcomed. They should be sent to Accredited
Standards Committee S1, Acoustics, in care of the Standards Secretariat of the Acoustical Society of
America, 1305 Walt Whitman Road, Suite 300, Melville, New York 11747. Telephone: 631-390-0215;
FAX: 631-923-2875; E-mail: asastds@acousticalsociety.org.
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Introduction

U.S. NOTE: The following introductory text describes the differences between the current version
of IEC 61672-1 and the 2002 version; it does NOT present the differences between this version and
the previous version of ANSI S1.4-1983, ANSI S1.4A-1985, or ANSI S1.43-1997.

For assessments of conformance to performance specifications, this second edition of IEC 61672-1 uses
different criteria than were used for the 2002 first edition.

In the period from 1961 to 1985, International Standards for sound level meters did not provide any
requirements or recommendations to account for the uncertainty of measurement in assessments of
conformance to specifications.

This absence of requirements or recommendations to account for uncertainty of measurement created
ambiguity in determinations of conformance to specifications for situations where a measured deviation
from a design goal was close to a limit of the allowed deviation. If conformance was determined based on
whether a measured deviation did or did not exceed the limits, the end-user of the sound level meter
incurred the risk that the true deviation from a design goal exceeded the limits.

To remove this ambiguity, IEC Technical Committee 29, at its meeting in 1996, adopted a policy to
account for measurement uncertainty in assessments of conformance in International Standards that it
prepares.

The first edition (2002) of IEC 61672-1 accounted for measurement uncertainty by giving two explicit
criteria for determining conformance to the specifications. The two criteria were (a) that measured
deviations from design goals, extended by the expanded uncertainty of measurement, do not exceed the
applicable tolerance limits and (b) that the expanded uncertainty of measurement does not exceed
agreed-upon maximum values. For most performance specifications, the tolerance limits were calculated
essentially by extending the allowances for design and manufacturing from the 1979 and 1985
International Standards for sound level meters by the applicable maximum-permitted expanded
uncertainties of measurement. Tolerance limits were intended to represent the limits for true deviations
from design goals with a coverage probability of 95 %.

This second edition of IEC 61672-1 uses an amended criterion for assessing conformance to a
specification. Conformance is demonstrated when (a) measured deviations from design goals do not
exceed the applicable acceptance limits and (b) the uncertainty of measurement does not exceed the
corresponding maximum-permitted uncertainty. Acceptance limits are analogous to the allowances for
design and manufacturing implied in the first edition (2002) of IEC 61672-1. Actual and maximum-
permitted uncertainties are determined for a coverage probability of 95 %. The amended criterion for
assessing conformance does not necessitate any change to the design of a sound level meter in order to
conform to the specifications of this International Standard.

The maximum-permitted uncertainties of measurement are not equivalent to the uncertainties associated
with the measurement of a sound level. The uncertainty of a measured sound level is evaluated from the
anticipated deviations of the electroacoustical performance of the sound level meter from the relevant
design goals as well as estimates of the uncertainties associated with the specific measurement situation.
Unless more-specific information is available, the evaluation of the contribution of a specific sound level
meter to a total measurement uncertainty can be based on the acceptance limits and maximum-permitted
uncertainties specified in this standard.
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AMERICAN NATIONAL STANDARD ANSI/ASA S1.4-2014/Part 1 / IEC 61672-1:2013

American National Standard

Electroacoustics — Sound level meters —
Part 1: Specifications

1 Scope

This part of ANSI/ASA S1.4 / IEC 61672 gives electroacoustical performance specifications for three
kinds of sound measuring instruments:

¢ atime-weighting sound level meter that measures exponential-time-weighted, frequency-weighted
sound levels;

e an integrating-averaging sound level meter that measures time-averaged, frequency-weighted
sound levels; and

e an integrating sound level meter that measures frequency-weighted sound exposure levels.

Sound level meters conforming to the requirements of this standard have a specified frequency
response for sound incident on the microphone from one principal direction in an acoustic free field or
successively from random directions.

Sound level meters specified in this standard are intended to measure sounds generally in the range
of human hearing.

NOTE The AU frequency weighting specified in IEC 61012 can be applied for measurements of A-
weighted sound levels of audible sound in the presence of a source that contains spectral components
at frequencies greater than 20 kHz.1

Two performance categories, class 1 and class 2, are specified in this standard. In general,
specifications for class 1 and class 2 sound level meters have the same design goals and differ mainly
in the acceptance limits and the range of operational temperature. Acceptance limits for class 2 are
greater than, or equal to, those for class 1.

This standard is applicable to a range of designs for sound level meters. A sound level meter may be a
self-contained hand-held instrument with an attached microphone and a built-in display device. A
sound level meter may be comprised of separate components in one or more enclosures and may be
capable of displaying a variety of acoustical signal levels. Sound level meters may include extensive
analogue or digital signal processing, separately or in combination, with multiple analogue and digital
outputs. Sound level meters may include general-purpose computers, recorders, printers, and other
devices that form a necessary part of the complete instrument.

1 |EC 61012, Filters for the measurement of audible sound in the presence of ultrasound.
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ANSI/ASA S1.4-2014/Part 1 / IEC 61672-1:2013

Sound level meters may be designed for use with an operator present or for automatic and continuous
measurements of sound level without an operator present. Specifications in this standard for the
response to sound waves apply without an operator present in the sound field.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

IEC 60942, Electroacoustics — Sound calibrators

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-6-2:2005, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards —
Immunity for industrial environments

IEC 61094-6, Measurement microphones — Part 6: Electrostatic actuators for determination of
frequency response

IEC 61183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level
meters

IEC 62585, Electroacoustics — Methods to determine corrections to obtain the free-field response of a
sound level meter

ISO/IEC Guide 98-4:2012, Evaluation of measurement data — The role of measurement
uncertainty in conformance assessment

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

CISPR 16-1-1:2010, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring

apparatus?
Amendment 1:2010

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 98-4, ISO/IEC
Guide 99, and IEC 61000-6-2, as well as the following apply.

NOTE All quantities are expressed in S| units.

2 CISPR = International Special Committee on Radio Interference.
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3.1
sound pressure
difference between an instantaneous total pressure and the corresponding static pressure

Note 1 to entry: Sound pressure is expressed in pascals (Pa).

3.2

sound pressure level

ten times the logarithm to the base 10 of the ratio of the time-mean-square of a sound-pressure signal
to the square of the reference value

Note 1 to entry: Sound pressure level is expressed in decibels (dB).

Note 2 to entry: The reference value is 20 pPa.

3.3

frequency weighting

difference, as a specified function of frequency, between the level of the frequency-weighted signal
indicated on the display device and the corresponding level of a constant-amplitude sinusoidal input
signal

Note 1 to entry: Level difference is expressed in decibels (dB).

3.4

time weighting

exponential function of time, of a specified time constant, that weights the square of a sound-pressure
signal

3.5

sound level

frequency-weighted sound pressure level

level with time weighting or time averaging of the square of a frequency-weighted sound-pressure
signal

Note 1 to entry: Sound level is expressed in decibels (dB).

3.6

time-weighted sound level

ten times the logarithm to the base 10 of the ratio of the running time average of the time-weighted
square of a frequency-weighted sound-pressure signal to the square of the reference value

Note 1 to entry: Time-weighted sound level is expressed in decibels (dB).

Note 2 to entry: For time-weighted sound level, example letter symbols are L, L,q, L

weightings A and C and time weightings F and S.

and L for frequency

As» Lcp

Note 3 to entry: In symbols and as an example, A-weighted and F-time-weighted sound level L,.(r) at
observation time ¢ can be represented by
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(1/70) [, pR(g)e ' ds

Lye(1)=101g 2
0

dB (1)

where

7 is the exponential time constant in seconds for the F time weighting;

— ¢is a dummy variable of time integration from some time in the past, as indicated by -« for the lower limit of the integral, to
the time of observation ¢

— ppl¢) is the A-weighted instantaneous sound-pressure signal; and
- pgis the reference value of 20 uPa.

Note 4 to entry: The sketch in Figure 1 illustrates the process indicated by Equation (1).

a » b » C » d e
IEC 2243/13

Key
a Start with a frequency-weighted electrical input signal
b Square the input signal
¢ Apply a low-pass filter with one real pole at -1/z (exponential time weighting)
d Take the base-10 logarithm
e Display the result in decibels with the square of a reference value of 20 uPa

Figure 1 — Principal steps involved in forming a time-weighted sound level

3.7
maximum time-weighted sound level
greatest time-weighted sound level within a stated time interval

Note 1 to entry: Maximum time-weighted sound level is expressed in decibels (dB).

Note 2 to entry: Example letter symbols for maximum time-weighted sound level are L and

Lcgmax fOr frequency weightings A and C and time weightings F and S.

3.8
peak sound pressure
greatest sound pressure (positive or negative) during a stated time interval

L L

AFmax’ ~ASmax’ ~CFmax’

Note 1 to entry: Peak sound pressure is expressed in pascals (Pa).

Note 2 to entry: A peak sound pressure can arise from a positive or negative instantaneous sound pressure.

3.9

peak sound level

ten times the logarithm to the base 10 of the ratio of the square of a frequency-weighted peak sound-
pressure signal to the square of the reference value
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Note 1 to entry: Peak sound level is expressed in decibels (dB).

Note 2 to entry:  The reference value is 20 pPa.

3.10

time-averaged sound level

equivalent continuous sound level

ten times the logarithm to the base 10 of the ratio of the time average of the square of a frequency-
weighted sound-pressure signal during a stated time interval to the square of the reference value

Note 1 to entry: Time-averaged or equivalent continuous sound level is expressed in decibels (dB).
Note 2 to entry: In symbols and as an example, time-averaged, A-weighted sound level L, ;is given by
(1 / T) ., pf\ (§)d.f

Ly, =101lg — dB (2)
Do

where

— &is adummy variable of time integration over the averaging time interval ending at the time of observation ¢,
— Tis the averaging time interval;

—  p,l€) is the A-weighted sound-pressure signal; and

— Py is the reference value of 20 pPa.

Note 3 to entry: In principle, time weighting is not involved in a determination of time-averaged sound level.

3.11

sound exposure

time integral of the square of a frequency-weighted sound-pressure signal over a stated time interval
or event of stated duration

Note 1 to entry: Duration of integration is included implicitly in the time integral and is not always reported
explicitly, although it is useful to state the nature of the event. For measurements of sound exposure over a
specified time interval, duration of integration is usually reported and indicated by a suitable subscript to the letter
symbol, for example as Ea,in.

Note 2 to entry: In symbols and as an example, A-weighted sound exposure Ea 7 is represented by

Eny = [ " p2(r)dt (3)

where pi(t) is the square of the A-weighted sound-pressure signal during integration time 7 starting at # and
ending at fo.

Note 3 to entry: The unit of sound exposure is pascal-squared seconds (Pazs) if sound pressure is in pascals
and running time is in seconds.

Note 4 to entry: For applications such as measurement of exposure to noise in the workplace, sound exposure
in pascal-squared hours is more convenient than pascal-squared seconds.
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3.12
sound exposure level
ten times the logarithm to the base 10 of the ratio of a sound exposure to the reference value

Note 1 to entry: Sound exposure level is expressed in decibels (dB).

Note 2 to entry: In symbols and as an example, A-weighted sound exposure level Lagt is related to the
corresponding time-averaged, A-weighted sound level Lx.q 7 by

o
_[t pal(r)dr E, T
Ly;r =101g *I)T dB:1OIg[ E(;T)deLAeq,THOIg(FJdB (4)

where

Epr is the A-weighted sound exposure in pascal-squared seconds over time interval T (see Equation (3));

E, is the reference value given by p§ T, =(20 pPa)? x (1 s) = 400x107'2 PaZs;

T is the measurement time interval, in seconds, starting at ¢, and ending at #,, and

— T, is the reference value of 1 s for sound exposure level.

Note 3 to entry: Time-averaged, A-weighted sound level L, , during averaging time interval T is related to the
corresponding A-weighted sound exposure E, ,, or the A-weighted sound exposure level L occurring within

. AE, T’
that interval by

Eny = pgT(10% 1 ) (5)
or
E T
Laoor =101g| —2L |dB=L,, . -101lg| — |dB 6
Aeq,T g [ pgTJ AE,T 9 (To j (6)
3.13
microphone

electroacoustic transducer by which electrical signals are obtained from acoustic oscillations

[SOURCE: IEC 60050-801:1994, definition 801-26-01]

3.14
microphone reference point
point specified on, or close to, the microphone to describe the position of the microphone

Note 1 to entry: The microphone reference point can be at the center of the diaphragm of the microphone.

3.15

reference direction

inward direction toward the microphone reference point and specified for determining the directional
response and frequency weighting of a sound level meter

Note 1 to entry: The reference direction can be specified with respect to an axis of symmetry.
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3.16

sound-incidence angle

angle between the reference direction and a line between the acoustic center of a sound source and
the microphone reference point

Note 1 to entry: Sound-incidence angle is expressed in degrees.

3.17

relative directional response

for any frequency weighting and at any frequency of incident sinusoidal sounds, and in a specified
plane containing the principal axis of the microphone, sound level indicated at a given sound-
incidence angle minus the sound level indicated for sound at the same frequency from the same
source and incident from the reference direction

Note 1 to entry: Relative directional response is expressed in decibels.

3.18

directivity factor

for a sound level meter, a measure of the deviation from an ideal directional response with equal
sensitivity at all possible angles of sound incidence on the microphone

Note 1 to entry: Directivity factor is non-dimensional.

3.19
directivity index
ten times the base-ten logarithm of the directivity factor

Note 1 to entry: Directivity index is expressed in decibels.

3.20

relative frequency-weighted free-field response

for a given frequency, time-weighted or time-averaged, frequency-weighted sound level indicated by a
sound level meter in response to plane progressive sinusoidal sound incident on the microphone from
the reference direction minus the corresponding time-weighted or time-averaged sound level present
at the position of the microphone reference point for the sound level meter and from the same sound
source but in the absence of the sound level meter

Note 1 to entry: Relative frequency-weighted free-field response is expressed in decibels (dB).

Note 2 to entry: Relative frequency-weighted free-field response is called free-field sensitivity level in IEC 61183.

3.21

relative frequency-weighted random-incidence response

for a given frequency, time-averaged, frequency-weighted sound level indicated by a sound level
meter in response to random-incidence sound minus the time-averaged sound pressure level present
at the position of the microphone reference point for the sound level meter and from the same sound
source but in the absence of the sound level meter

Note 1 to entry: Relative frequency-weighted random-incidence response is expressed in decibels (dB).

Note 2 to entry: Relative frequency-weighted random-incidence response is called random-incidence sensitivity
level in IEC 61183.
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