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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS — SOUND CALIBRATORS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60942 has been prepared by IEC technical committee 29:
Electroacoustics, in cooperation with the International Organization of Legal Metrology
(OIML).

This fourth edition cancels and replaces the third edition published in 2003, of which it
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) deletion of the class designations, class LS/C, class 1/C and class 2/C;

b) addition of two further class designations, class LS/M and class 1/M, specifically for
pistonphones;

c) addition of an amended criterion for assessing conformance to a specification:
conformance is now 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;
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d) modification to the short-term level fluctuation test of the sound pressure level stability;

e) change to some environmental test conditions to avoid icing;

f) addition of an alternative test for immunity to radio-frequency fields using transverse

electromagnetic (TEM) waveguides.

The text of this International Standard is based on the following documents:

FDIS

Report on voting

29/962/FDIS

29/969/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Full document details: IEC 60942 2017

Documents

Document Sharing Hub


http://webstore.iec.ch/
http://www.avadocuments.com/doc/iec-60942-2017
http://www.avadocuments.com/doc/iec-60942-2017

IEC 60942:2017 © IEC 2017 -7-

INTRODUCTION

Sound calibrators are designed to produce one or more known sound pressure levels at one
or more specified frequencies when coupled to specified models of microphone in specified
configurations, for example, with or without protective grid. The sound pressure level
generated by some sound calibrators depends on the static pressure.

Sound calibrators have two principal applications:

a) the determination of the electroacoustical pressure sensitivity of specified models of
microphone in specified configurations;

b) checking or adjusting the overall sensitivity of acoustical measuring devices or systems.
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ELECTROACOUSTICS — SOUND CALIBRATORS

1 Scope

This document specifies the performance requirements for three classes of sound calibrator:
class LS (Laboratory Standard), class 1 and class 2. Acceptance limits are smallest for
class LS and greatest for class 2 instruments. Class LS sound calibrators are normally used
only in the laboratory; class 1 and class 2 are considered as sound calibrators for field use.
A class 1 sound calibrator is primarily intended for use with a class 1 sound level meter and a
class 2 sound calibrator primarily with a class 2 sound level meter, as specified in
IEC 61672-1.

The acceptance limits for class LS sound calibrators are based on the use of a laboratory
standard microphone, as specified in IEC 61094-1, for demonstrations of conformance to the
requirements of this document. The acceptance limits for class 1 and class 2 sound
calibrators are based on the use of a working standard microphone, as specified in
IEC 61094-4, for demonstrations of conformance to the requirements of this document.

To promote consistency of testing of sound calibrators and ease of use, this document
contains three normative annexes — Annex A "Pattern evaluation tests", Annex B "Periodic
tests", Annex C "Pattern evaluation report", and two informative Annexes — Annex D
"Relationship between tolerance interval, corresponding acceptance interval and the
maximum-permitted uncertainty of measurement" and Annex E "Example assessments of
conformance to specifications of this document”.

This document does not include requirements for equivalent free-field or random-incidence
sound pressure levels, such as can be used in the overall sensitivity adjustment of a sound
level meter.

A sound calibrator can provide other functions, for example, tonebursts. Requirements for
these other functions are not included in this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements 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.

IEC 60050-801:1994, International Electrotechnical Vocabulary — Chapter 801: Acoustics and
electroacoustics

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

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measure-
ment techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-20:2010, Electromagnetic compatibility (EMC) - Part 4-20: Testing and
measurement techniques — Emission and immunity testing in transverse electromagnetic
(TEM) waveguides
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IEC 61000-6-1:2005, Electromagnetic compatibility (EMC) — Part 6-1. Generic standards —
Immunity for residential, commercial and light-industrial environments

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

IEC 61000-6-3:2006, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards —
Emission standard for residential, commercial and light-industrial environment
IEC 61000-6-3:2006/AMD1:2010

IEC 61094-1:2000, Measurement microphones — Part 1: Specifications for laboratory standard
microphones

IEC 61094-4:1995, Measurement microphones — Part 4: Specifications for working standard
microphones

IEC 61094-5, Electroacoustics — Measurement microphones — Part 5: Methods for pressure
calibration of working standard microphones by comparison

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

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

CISPR 16-2-3:2016, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements

CISPR 22:2008, Information technology equipment — Radio disturbance characteristics —
Limits and methods of measurement3

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO 266:1997, Acoustics — Preferred frequencies

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

1 2nd edition (2005). This 2" edition has been replaced in 2016 by a 3™ edition IEC 61000-6-1:2016,
Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunity standard for residential,
commercial and light-industrial environments, but to ensure consistency with other TC 29 standards this 3"
edition has not been used or referenced in this document, but will be considered prior to the next revision of
this document.

2 2nd gdition (2005). This 2" edition has been replaced in 2016 by a 3™ edition IEC 61000-6-2:2016,
Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity for industrial environments, but
to ensure consistency with other TC 29 standards this 3™ edition has not been used or referenced in this
document, but will be considered prior to the next revision of this document.

3 6™ edition (2008). This 6™ edition has been replaced in 2015 by CISPR 32:2015, Electromagnetic compatibility
of multimedia equipment — Emission requirements, but to ensure consistency with other TC 29 standards
CISPR 32:2015 has not been used or referenced in this document, but will be considered prior to the next

revision of this document. Documents
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-801 and the
ISO/IEC Guide 99, and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE Definitions for other relevant quantities are given in the documents referenced in Clause 2.

3.1

sound calibrator

device that generates a sinusoidal sound pressure of specified sound pressure level and
frequency when coupled to specified models of microphone in specified configurations

3.2

pistonphone

sound calibrator in which the sound pressure is generated in a fixed air volume by the motion
of one or more pistons, creating a well-defined volume velocity

3.3

specified sound pressure level

sound pressure level(s) generated under reference environmental conditions for use with a
particular microphone model and configuration, valid for either an individual sound calibrator
(in the case of a class LS calibrator) or all sound calibrators of the same model (in the case of
a class 1 or class 2 calibrator)

Note 1 to entry: Specified sound pressure level is expressed in decibels (dB).
Note 2 to entry: The reference value is 20 pPa.

3.4

nominal sound pressure level

close approximation to the specified sound pressure level(s), valid for all sound calibrators of
the same model, rounded to the nearest decibel (intended for marking)

Note 1 to entry: Nominal sound pressure level is expressed in decibels (dB).
Note 2 to entry: The reference value is 20 pPa.

3.5

specified frequency

frequency(ies) of the sound generated by the sound calibrator under reference environmental
conditions, valid for either an individual sound calibrator (in the case of a class LS calibrator)
or all sound calibrators of the same model (in the case of a class 1 or class 2 calibrator)

Note 1 to entry: Specified frequency is expressed in hertz (Hz).

3.6

nominal frequency

close approximation to the specified frequency, often rounded according to ISO 266 (intended
for marking)

Note 1 to entry: Nominal frequency is expressed in hertz (Hz).
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3.7
principal sound pressure level
nominal sound pressure level specified in the instruction manual as principal

Note 1 to entry: Where the sound calibrator produces more than one sound pressure level, the manufacturer
identifies one nominal sound pressure level as principal.

Note 2 to entry: Principal sound pressure level is used during demonstration of conformance of the sound
calibrator to the requirements of this document.

Note 3 to entry: Principal sound pressure level is expressed in decibels (dB).

Note 4 to entry: The reference value is 20 pPa.

3.8
principal frequency
nominal frequency specified in the instruction manual as principal

Note 1 to entry: Where the sound calibrator produces more than one frequency, the manufacturer identifies one
nominal frequency as principal.

Note 2 to entry: Principal frequency is used during demonstration of conformance of the sound calibrator to the
requirements of this document.

Note 3 to entry: Principal frequency is expressed in hertz (Hz).

3.9

replication

repeat of a measurement involving coupling the microphone to the sound calibrator and then
completely removing the microphone from the sound calibrator

3.10

total distortion + noise

ratio of the root-mean-square of the total distortion and noise components, including any
harmonics and sub-harmonics, to the root-mean-square of the entire signal

Note 1 to entry: Distortion is the correlated component of the signal due to non-linearity, and noise is the
uncorrelated component.

Note 2 to entry: Total distortion + noise is expressed in per cent (%).

3.11

reference orientation

orientation of a sound calibrator such that the principal axis of the opening of the cavity (the
axis along which the microphone is inserted into the cavity) coincides with the principal
direction of an emitter or receiver of radio-frequency fields, the opening of the cavity facing
away from the emitter or receiver

3.12
reference plane
plane of contact between the microphone and the sound calibrator

3.13

effective load volume of a microphone

volume of air at reference environmental conditions that has the same acoustic compliance as
the cavity bounded by the reference plane, the microphone diaphragm and the outer
cylindrical surface of the microphone at the reference plane, including the equivalent volume
of the microphone (described in IEC 61094-1)

Note 1 to entry: Effective load volume is generally expressed in cubic millimetres (mm?3) and may change with
frequency.
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3.14

coverage probability

probability that the set of true quantity values of a measurand is contained within a specified
coverage interval

[SOURCE: ISO/IEC Guide 98-4:2012, 3.2.8]

3.15
acceptance limit
specified upper or lower bound of permissible measured quantity values

Note 1 to entry: Acceptance limits in this document are analogous to the allowances for design and manufacturing
in IEC 60942:2003.

[SOURCE: ISO/IEC Guide 98-4:2012, 3.3.8, modified — Note 1 to entry has been added.]

4 Reference environmental conditions

Reference environmental conditions for specifying the performance of a sound calibrator are:

— air temperature: 23 °C;
— static pressure: 101,325 kPa;
— relative humidity: 50 %.

5 Requirements

5.1 General

511 A sound calibrator conforming to the requirements of this document shall have the
characteristics described in Clause 5. Adaptors may be provided to accommodate more than
one model of microphone. For the purpose of this document, any such adaptor is an integral
part of the sound calibrator.

5.1.2 The sound calibrator shall conform to the requirements of this document for one or
more of the sound pressure level and frequency combinations available. A multi-level and
multi-frequency sound calibrator shall conform to the requirements for the same class
designation for all sound pressure level and frequency combinations for which the instruction
manual states that the instrument conforms to the requirements of this document.
Conformance to the requirements of this document shall not be stated for sound pressure
level and frequency settings for which this document provides no acceptance limits.

5.1.3 Throughout this document, where reference is made to a specific class of sound
calibrator, this includes all the designations under that class, unless otherwise stated.

5.1.4 Class LS sound calibrators shall be supplied with an individual calibration chart
containing the information required by 6.2. For class 1 and class 2 sound calibrators, the
specified sound pressure level(s) and specified frequency(ies) shall be given in the instruction
manual. Each specified level shall be defined in terms of an absolute level.

5.1.5 Class LS and class 1 pistonphones that require corrections for the influence of static
pressure to conform to the specifications for the appropriate class shall have the letter "M"
added to their class designation. The permissible classes and designations are described in
Table 1. Sound calibrators designated class LS/M and class 1/M shall not require corrections
for any of the other environmental conditions to achieve the requirements specified for the
appropriate class. For class LS/M and class 1/M sound calibrators, the corrections for static
pressure, necessary for the sound calibrator to conform to the requirements of this document,
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shall be stated in the instruction manual, together with the uncertainties of measurement
corresponding to a coverage probability of 95 %.

5.1.6 Sound calibrators designated class LS/M may also claim conformance to the
requirements for a sound calibrator designated class 1/M if they meet the full specifications
described in this document for both classes of sound calibrator.

5.1.7 Sound calibrators, other than those designated class LS/M or class 1/M, shall not
require corrections for any of the environmental conditions to conform to the requirements for
the relevant class.

5.1.8 Sound calibrators designated class LS/M and class1/M shall either be supplied with a
barometer, or the manufacturer shall state the specifications in the instruction manual for any
barometer to be used. A statement shall be included in the instruction manual giving the
uncertainty of the measurement of static pressure required, for a coverage probability of 95%,
so that the ability of a class LS/M or class 1/M sound calibrator to conform to the
requirements for the relevant class is not affected.

NOTE 1 A class LS/M sound calibrator is normally used only in the laboratory where a suitable device is likely to
be available for measuring static pressure.

NOTE 2 Some barometers provide the data directly in the form to be used to correct measured sound pressure
levels to the reference static pressure.

Table 1 — Sound calibrator classes and designations

Class Designation Description

Sound calibrator designed to meet the
specifications of this document for a class LS
device with no corrections for the influence of
environmental conditions

LS

LS

Pistonphone designed to meet the specifications of
this document for a class LS device with the
application of corrections for the influence of static
pressure only

LS/M

Sound calibrator designed to meet the
specifications of this document for a class 1 device
with no corrections for the influence of
environmental conditions

Pistonphone designed to meet the specifications of
this document for a class 1 device with the
application of corrections for the influence of static
pressure only

1M

Sound calibrator designed to meet the
specifications of this document for a class 2 device
with no corrections for the influence of
environmental conditions

5.1.9 If a specific orientation of the sound calibrator is to be used to conform to the
requirements of this document, this orientation shall either be indicated on the sound
calibrator, or the indication on the sound calibrator shall refer to the instruction manual, which
shall state the required orientation.

5.1.10 All performance requirements relate to the operation of the sound calibrator following
stabilizing of the coupling of the microphone and sound calibrator, and after the sound
pressure level and frequency have stabilized. The elapsed time necessary for stabilization of
the sound pressure level and frequency, which begins once the sound calibrator is switched
on with the microphone coupled to it, shall be stated in the instruction manual, and shall not
exceed 30 s for any applicable combination of environmental conditions specified in 5.5.
Where this stabilization time exceeds 10 s, an indicator shall be provided to dgmonstrate
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when the output from the sound calibrator has stabilised. Information on the operation of this
indicator shall be given in the instruction manual. Following the stabilization time, the sound
pressure level and frequency shall remain stable within the acceptance limits of Table 2 and
Table 4, or Table 5 and Table 6, as applicable, whilst switched on, which shall be for a period
of at least 70 s. The sound calibrator and microphone shall be allowed to reach equilibrium
with the prevailing environmental conditions before coupling.

NOTE 1 A period of at least 70 s is chosen as the measurement of short-term level fluctuation described in 5.3.3
requires measurement over a period of 60 s of operation of the sound calibrator.

NOTE 2 The stabilization time required following the coupling of the microphone to the sound calibrator can vary
considerably depending on the model of microphone and sound calibrator in use.

NOTE 3 It is important that the sound calibrator is designed such that the static pressure inside the sound
calibrator is equal to the static pressure outside the sound calibrator.

5.1.11 If the tests described in Annex A require the sound calibrator to operate for longer
than the normal operating time, the manufacturer shall provide information in the instruction
manual to describe how this can be achieved.

5.1.12 Those components of a sound calibrator that are not intended to be accessible to the
user shall be protected by markings or a mechanism that makes those components
inaccessible.

5.1.13 In 5.3 to 5.9, acceptance limits are provided for allowable values of measured
deviations from design goals. For testing laboratories, the maximum-permitted uncertainties of
measurement for a coverage probability of 95 % are stated in Annex A. Annex D describes the
relationship between tolerance interval, corresponding acceptance interval and the maximum-
permitted uncertainty of measurement.

5.1.14 The acceptance limits given for class LS sound calibrators also apply to those sound
calibrators designated as class LS/M. The acceptance limits given for class 1 sound
calibrators also apply to those sound calibrators designated as class 1/M.

5.1.15 Conformance to a performance specification is demonstrated when the following
criteria are both satisfied: (a) measured deviations from design goals do not exceed the
applicable acceptance limit AND (b) the corresponding uncertainty of measurement does not
exceed the corresponding maximum-permitted uncertainty of measurement given in Annex A
for a coverage probability of 95 %.

5.1.16 If the actual uncertainty of a measurement performed by the test laboratory,
calculated for a coverage probability of 95 %, exceeds the maximum-permitted value given in
Annex A, the measurement shall not be used to demonstrate conformance to the
requirements of this document.

5.1.17 Annex E gives examples of evaluation of conformance to specifications of this
document.

5.1.18 Full conformance to this document is only demonstrated when the model of sound
calibrator has been shown to conform to the requirements of this document for pattern
evaluation when tested according to Annex A, and the individual specimen of sound calibrator
has been shown to conform to the requirements of this document for periodic testing when
tested according to Annex B.

5.2 Adaptors
The instruction manual for the sound calibrator may provide information to allow design of
adaptors to be used with the sound calibrator. This design data shall include all the

information necessary to create an adaptor that can be used with the specified sound
calibrator in a manner that maintains the specified performance class. Where this (D%ﬁ?ﬁents
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is supplied, the instruction manual shall specify the insertion distance and minimum diameter
of the microphone at which sealing will occur.

5.3 Sound pressure level
5.3.1 General

5.3.1.1 All specified sound pressure level(s) generated shall be stated in the instruction
manual with a resolution better than, or equal to, 0,1 dB.

5.3.1.2 All the requirements and acceptance limits specified in this document relate to the
level of the sound pressure produced at the diaphragm of the inserted microphone.

5.3.1.3 The principal sound pressure level of the sound calibrator shall be at least 90 dB
re 20 uyPa when the sound calibrator is applied to the models of microphone in the
configurations specified in the instruction manual.

5.3.2 Generated sound pressure level

The absolute value of the difference between a measured sound pressure level and the
corresponding specified sound pressure level shall not exceed the acceptance limits given in
Table 2 for the class of sound calibrator. For sound calibrators with class designation LS/M or
1/M, the measured level shall be corrected for static pressure, if necessary, to the reference
static pressure given in Clause 4. These acceptance limits apply to measurements made at
and around reference environmental conditions within the following ranges: 97 kPa to
105 kPa, 20 °C to 26 °C and 40 % to 65 % relative humidity.

5.3.3 Short-term level fluctuation

The fluctuation in the sound pressure level shall be measured using time-weighting F (nominal
time constant of 125 ms as specified in IEC 61672-1), by determining the mean and the
maximum and minimum levels generated over a period of 60 s of operation of the sound
calibrator, by sampling at least 30 times. The absolute value of the difference between each
of the maximum and minimum levels measured, and the mean value shall each not exceed
the short-term level fluctuation acceptance limits given in Table 2 for the class of sound
calibrator. These short-term level fluctuation acceptance limits apply to measurements made
at and around reference environmental conditions within the ranges specified in 5.3.2.

Where a sound calibrator is operated over a period of greater than 60 s, for example in
measuring the performance of other instruments such as sound level meters, it is necessary
to establish the level fluctuation over the longer time period.

NOTE 1 No specifications are provided in this document for a greater time period of operation.
NOTE 2 At lower frequencies, even for a stable signal, a short-term level fluctuation greater than zero will be
indicated by the specified method of measurement. This is caused by the variation in the instantaneous sound

pressure and the limited time averaging by the specified F time-weighting. The acceptance limits for short-term
level fluctuation are increased at lower frequencies to allow for this phenomenon.
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Table 2 — Acceptance limits for sound pressure level and short-term level
fluctuation, at and around reference environmental conditions

Range of nominal Sound pressure level acceptance limits Short-term level fluctuation limits
frequencies dB dB
Hz Class LS Class 1 Class 2 Class LS Class 1 Class 2
31,5t0 63 - 0,30 - - 0,20 -
> 63 to < 160 - 0,30 - - 0,10 -
160 to 1 250 0,10 0,25 0,40 0,03 0,07 0,15
> 1250 to 4 000 - 0,35 - - 0,07 -
> 4 000 to 8 000 - 0,45 - - 0,07 -
> 8 000 to 16 000 - 0,50 - - 0,07 -
Sound pressure level acceptance limits are for the absolute value of the difference between the sound pressure
level generated by the sound calibrator and the specified sound pressure level.
For a class LS, or class 2 sound calibrator, the "-" symbols in the table indicate ranges of nominal frequency for
which this document provides no acceptance limits.

5.3.4 Sound pressure level over range of supply voltage

The absolute value of the difference between the sound pressure level generated by the
sound calibrator, determined according to 5.3.2 over the range of supply voltages specified in
the instruction manual, and the sound pressure level measured at the nominal supply voltage
under reference environmental conditions shall not exceed the acceptance limits given in
Table 3 for the class of sound calibrator. Also, the acceptance limits given in Table 2 for the
absolute value of the difference between the measured sound pressure level and the
specified sound pressure level shall not be exceeded for any supply voltage within the range.

Table 3 — Acceptance limits for the effect of supply voltage on sound
pressure level, under reference environmental conditions

Acceptance limits

dB
Class LS Class 1 Class 2
0,02 0,06 0,16

Acceptance limits are for the absolute value of the difference between the sound
pressure level generated by the sound calibrator over the range of operating voltage,
and the sound pressure level measured at the nominal supply voltage.

5.4 Frequency

5.4.1 General

5.4.1.1 The principal frequency of the sound generated by the sound calibrator shall be in
the range from 160 Hz to 1 250 Hz. Specified frequencies shall be calculated from the
equation for exact frequency given in 3.1 of ISO 266:1997, or taken from Table 1 of
ISO 266:1997 which gives the calculated frequency.

5.4.1.2 The principal sound pressure level shall be available at the principal frequency.

5.4.2 Frequency of sound generated by the sound calibrator

The absolute value of the difference in per cent between the frequency of the sound
generated by the sound calibrator and the corresponding specified frequency shall not exceed
the acceptance limits given in Table 4 for the class of sound calibrator. These acceptance
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limits apply to measurements made at and around reference environmental conditions within

the ranges specified in 5.3.2.

Table 4 — Acceptance limits for frequency, at and around
reference environmental conditions

Acceptance limits
%

Class LS

Class 1

Class 2

0,7

0,7

1,7

frequency.

Acceptance limits are for the absolute value of the difference in per cent between the
frequency of the sound generated by the sound calibrator and the specified

Acceptance limits are expressed as a percentage of the specified frequency.

5.5 Influence of static pressure, air temperature and humidity

For environmental conditions outside the ranges specified in 5.3.2, sound calibrators shall
operate within the acceptance limits given in Tables 5 and 6 relative to the values measured
under reference environmental conditions, and shall not exceed the acceptance limits for
Table 7, for the class of sound calibrator, over any combination of the range of environmental

conditions given below.

Class LS Static pressure:
Air temperature:

Relative humidity:

Class 1 Static pressure:
Air temperature:

Relative humidity:

65 kPa to 108 kPa
+16 °C to +30 °C
25 % to 90 %

65 kPa to 108 kPa
-10 °C to +50 °C
25 % to 90 %

Combinations of air temperature and relative humidity that would yield a dewpoint greater

than +39 °C are excluded from the tests of conformance with these specifications.

Class 2 Static pressure:
Air temperature:

Relative humidity:

65 kPa to 108 kPa
0 °C to +40 °C
25 % to 90 %

NOTE The range of environmental conditions for class 1 and class 2 sound calibrators is the same as specified in
IEC 61672-1 for class 1 and class 2 sound level meters.

Full document details: IEC 60942 2017
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Table 5 — Acceptance limits for sound pressure level,
over the specified range of environmental conditions

Range of nominal Acceptance limits
frequencies dB
Hz Class LS Class 1 Class 2
31,5 to < 160 - 0,25 -
160 to 1 250 0,10 0,25 0,40
> 1250 to 4 000 - 0,30 -
>4 000 to 8 000 - 0,45 -
> 8 000 to 16 000 - 0,60 -
Acceptance limits are for the absolute value of the difference between the sound pressure level generated by the
sound calibrator over the specified range of environmental conditions (excluding the conditions covered by Table
2) and the sound pressure level measured under reference environmental conditions.
For a class LS or class 2 sound calibrator, the "-" symbols in the table indicate ranges of nominal frequency for
which this document provides no acceptance limits.

Table 6 — Acceptance limits for frequency,
over the specified range of environmental conditions

Acceptance limits
%

Class LS Class 1 Class 2

0,7 0,7 1,7

Acceptance limits are for the absolute value of the difference in per cent between the frequency of the sound
generated by the sound calibrator over the specified range of environmental conditions (excluding the conditions
covered by Table 4) and the frequency measured under reference environmental conditions.

Acceptance limits are expressed as a percentage of the specified frequency.

5.6 Total distortion + noise

The total distortion + noise, measured over the frequency range from 22,4 Hz (nominal
frequency) to 22,4 kHz (nominal frequency), shall not exceed the maximum values given in
Table 7, for the applicable range of environmental conditions specified in 5.5.

NOTE 1 Some distortion meters indicate the ratio of the magnitude of the unwanted components, including any
harmonics and subharmonics, to the magnitude of the fundamental component of the signal. For the maximum total
distortion + noise limits specified in this document, the difference between distortion measured as a ratio of the
root-mean-square of the total distortion component + noise to the root-mean-square of the entire signal, or to the
root-mean-square of the fundamental, is insignificant compared with the uncertainty of measurement. An
instrument that measures total harmonic distortion only is not suitable.

NOTE 2 The aim is to ensure all noise contributions are included across the specified frequency range.
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Table 7 — Maximum total distortion + noise

Range of nominal Total distortion + noise
frequencies %
Hz Class LS Class 1 Class 2
31,5 to < 160 - 3,0 -
160 to 1 250 2,0 2,5 3,0
> 1250 to 16 000 - 3,0 -
Acceptance limits are for the maximum total distortion + noise generated by the sound calibrator.
For a class LS or class 2 sound calibrator, the "-" symbols in the table indicate ranges of nominal frequency for
which this document provides no acceptance limits.

5.7 Power supply requirements

The sound calibrator shall include as an integral part some means of indicating that the
supply voltage is sufficient to operate the sound calibrator in accordance with the
requirements of this document, or shall ensure that the sound calibrator ceases to produce
any sound output when the supply voltage falls below that required to operate the sound
calibrator in accordance with the requirements of this document.

5.8 Specification and calibration of microphones
5.8.1 Microphone models and adaptors

5.8.1.1 The instruction manual for the sound calibrator shall either state the microphone
configurations as designated in IEC 61094-1 or IEC 61094-4 with which the sound calibrator
is specified to operate in conformity with the requirements of this document or alternatively,
and in addition if desired, state the name of the manufacturer or supplier, model designation
and configurations (for example, with or without protective grid) of those microphones with
which the sound calibrator is specified to operate in conformity with the requirements of this
document. In each case, the instruction manual shall state the required adaptor configuration
(if any). This information may also be given on the manufacturer’s webpage.

5.8.1.2 For class LS sound calibrators, at least one of the microphone configurations or
models specified shall be a laboratory standard microphone as specified in IEC 61094-1.

5.8.1.3 For class 1 and class 2 sound calibrators, at least one of the microphone models
specified shall be a working standard microphone as specified in IEC 61094-4.

NOTE A measurement microphone that conforms to the requirements of IEC 61094-1 for laboratory standard
microphones also conforms to the requirements of IEC 61094-4 for working standard microphones.

5.8.1.4 A microphone model shall be used for which the electroacoustical characteristic is
designated by the letter P in IEC 61094-1 or IEC 61094-4.

5.8.2 Microphone sensitivity level

For the microphone models specified, it shall be possible to determine the pressure sensitivity
level of the microphone by at least one of the following:

a) a method specified in IEC 61094-2; or
b) a method specified in IEC 61094-5, or by an alternative comparison method.
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5.9 Electromagnetic compatibility
5.9.1 General

Sound calibrators shall conform to the requirements of this document for radio-frequency
emissions, and immunity to electrostatic discharges and power- and radio-frequency fields.

5.9.2 Radio-frequency emissions

5.9.2.1 The upper limits for the electromagnetic field strength of radio-frequency
emissions from the sound calibrator are 30 dB (re 1 pV/m) quasi-peak, measured at 10 m, for
frequencies in the range from 30 MHz to 230 MHz, and 37 dB (re 1 pV/m) quasi-peak,
measured at 10 m, for frequencies in the range from 230 MHz to 1 GHz.

NOTE 1 The upper limits are defined for compatibility with many different standards. The limits given in Table 1 of
IEC 61000-6-3:2006 and IEC 61000-6-3:2006/AMD1:2010 form the basic requirements for sound calibrators.

NOTE 2 The characteristics of a quasi-peak receiver are specified in CISPR 16-1-1.

5.9.2.2 The instruction manual shall state the mode of operation of the sound calibrator
that produces the greatest radio-frequency emissions.

5.9.3 Electrostatic discharges

5.9.3.1 Sound calibrators shall withstand contact discharges up to 4 kV and air discharges
up to 8 kV, for both positive and negative voltages relative to earth ground as specified in
IEC 61000-6-1:2005, Table 1, requirement 1.5.

5.9.3.2 Performance criterion B as specified in IEC 61000-6-1 applies during and after
these electrostatic discharge tests.

5.9.3.3 Following the completion of the electrostatic discharge tests, the sound calibrator
shall be fully operational and in a configuration identical to that set before the start of the
tests.

5.9.4 Immunity to power- and radio-frequency fields

5.9.41 Sound calibrators shall exhibit, as a minimum, immunity over the following ranges
of power- and radio-frequencies and field strengths:

— frequency range from 26 MHz to 1 000 MHz; root-mean-square electric field strength up to
and including 10 V/m (unmodulated) with 80 % sinusoidal amplitude modulation at 900 Hz;

— frequency range from 1 400 MHz to 2 000 MHz; root-mean-square electric field strength
up to and including 3 V/m (unmodulated) with 80 % sinusoidal amplitude modulation at
900 Hz;

— frequency range from 2 000 MHz to 2 700 MHz; root-mean-square electric field strength
up to and including 1 V/im (unmodulated) with 80 % sinusoidal amplitude modulation at
900 Hz;

— uniform root-mean-square alternating magnetic field strength of 80 A/m; frequency 50 Hz
and 60 Hz.

The requirements are those specified in 1.1 of Table 1 of IEC 61000-6-1:2005, and 1.2, 1.3
and 1.4 of Table 1 in IEC 61000-6-2:2005 with minor amendments. These amendments
extend the range of radio-frequency fields to cover from 26 MHz to 1 GHz, change the
modulation frequency from 1 kHz to 900 Hz, increase the field strength for the power-
frequency field to 80 A/m, and exclude the reduced field strength requirements listed in
Table 1, Note c, of IEC 61000-6-2:2005.
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Some sound calibrators conform to the specifications of this document at an unmodulated
root-mean-square electromagnetic field strength greater than those specified above. If this is
the case, the applicable field strength should be stated in the instruction manual for each
range of frequencies.

NOTE The latest editions of IEC 61000-6-1 and IEC 61000-6-2, published 2016, will be considered prior to the
next revision of this document.

5.9.4.2 With the sound calibrator in the reference orientation and with the opening of the
cavity where the microphone is inserted facing away from the emitter of the power or radio-
frequency field, when the field is applied no change in operating state shall occur. The
absolute value of the difference between the measured sound pressure level generated by the
sound calibrator in the presence of the field, and in the absence of the field, shall not exceed
0,10 dB for a class LS sound calibrator, 0,25 dB for a class 1 sound calibrator, and 0,45 dB
for a class 2 sound calibrator. For multi-level or multi-frequency sound calibrators, or both, the
requirements apply for each combination of frequency and sound pressure level for which the
instruction manual states that the sound calibrator conforms to the requirements of this
document.

5.9.4.3 Tests for immunity to radio-frequency fields may be performed at discrete
frequencies in accordance with Clause 8 of IEC 61000-4-3:2006, but increments of up to 4 %
for frequencies less than 500 MHz and up to 2 % for all other frequencies may be substituted
for the 1 % specified therein. Dwell time at each frequency shall be appropriate. Testing at a
limited number of discrete frequencies does not eliminate the need to conform to the
requirements of 5.9.4.1 and 5.9.4.2 at all frequencies within the specified ranges.

5.9.4.4 Tests of immunity to radio-frequency fields shall either be performed as described
in Clause 8 of IEC 61000-4-3:2006 or shall use an alternative test method using transverse
electromagnetic (TEM) waveguides. The requirements that shall be applied for the TEM
waveguide are specified in IEC 61000-4-20, and Annex B of IEC 61000-4-20:2010 defines
methods of implementing the testing. The performance requirements for the instrument under
test are unchanged including the range of frequencies to be tested and the step size.

5.9.4.5 The instruction manual for the sound calibrator shall state the configuration and
the connecting devices (if any) that produce the minimum immunity (maximum susceptibility)
to power- and radio-frequency fields.

6 Instrument marking and documentation

6.1 Marking of the sound calibrator

A space shall be allowed for marking on the sound calibrator, and sound calibrators
conforming to the requirements of this document shall be supplied with the following minimum
information. Items a), b), ¢) and d) shall be marked on the sound calibrator. The remaining
items shall be marked on, or displayed during operation of, the sound calibrator:

a) manufacturer’s or supplier’s name or trade mark;

b) model designation and serial number;

c) reference to this document by number and year of publication;

d) the class of instrument, including the letter "M" designation, where applicable and that this
corresponds to a need for corrections for static pressure;

e) a clear indication of all available combinations of sound pressure level and frequency that
conform to the requirements of the class;

f) the nominal sound pressure level or sound pressure levels;

g) the nominal frequency or frequencies;
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h) where possible, and if required for the sound calibrator, an indication of the orientation
required for installation on a microphone;

i) if the sound calibrator is battery operated, the preferred battery type;
j) model number of adaptors shall be marked on the adaptors, where provided
k) where appropriate, firmware and software version numbers.

6.2 Individual calibration chart for a class LS sound calibrator

A class LS sound calibrator shall be supplied with an individual calibration chart from the
manufacturer or supplier. The chart shall state the specified sound pressure level(s) and
frequency(ies) for the models and configuration of microphone for which the sound calibrator
conforms to the requirements of this document.

6.3 Instruction manual

The sound calibrator shall be supplied with an instruction manual which shall contain the
information required by Clause 5 and by 6.1. It shall also contain the following information:

a) either identification of the microphone configuration(s) as designated in IEC 61094-1 or
IEC 61094-4, or alternatively (and in addition if desired), the name of the manufacturer or
supplier, model designation and configurations (for example, with or without protective
grid) and of the relevant adaptors required, together with detailed instructions which need
to be followed to ensure that the sound calibrator functions as intended when used as
described in the instruction manual;

b) for class LS sound calibrators, at least the nominal sound pressure level(s) and
frequency(ies), and for class 1 and class 2 sound calibrators the specified sound pressure
level(s) and frequency(ies) of the output signal when the sound calibrator is coupled to the
specified microphone models and configurations;

c) where appropriate, details of relevant firmware and software, including, where applicable,
version numbers;

d) if a specific orientation of the sound calibrator is to be used to conform to the
requirements of this document, this orientation shall be stated;

e) the elapsed time, and details of operation of any indicator if required, before the specified
sound pressure level and frequency stabilize, for any available combination of sound
pressure level and frequency, once the sound calibrator is switched on with the
microphone coupled to it. In addition, the instruction manual shall give information on the
elapsed time necessary to stabilize the microphone and sound calibrator combination,
after they are coupled together;

f) If the environmental tests, described in Annex A, require the sound calibrator to operate
for longer than the normal operating time, information describing how this can be
achieved;

g) the principal sound pressure level. For a sound calibrator with only one available sound
pressure level, this is the principal sound pressure level,;

h) the principal frequency. For a sound calibrator with only one available frequency, this is
the principal frequency;

i) the range of static pressure over which the sound calibrator is specified to operate, and
the correction data, if applicable, specified in 5.5, together with the uncertainties of
measurement for a coverage probability of 95 % associated with the correction data;

j) identification of the available combinations of sound pressure level and frequency that
conform to the requirements of this document for the class;

k) the typical change in sound pressure level produced by the sound calibrator with changes
in the effective load volume of the inserted microphone, as applicable;

) types of battery which can be used, if applicable, together with the typical operation
lifetime, details of any battery status indicator and its operation, and the nominal,
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maximum and minimum supply voltages; method of connection to an external power
supply, where applicable;

m) for sound calibrators with letter "M" designation, a statement giving the uncertainty of the
measurement, for a coverage probability of 95 %, of the static pressure so that the ability
of a sound calibrator to conform to the requirements of the relevant class is not affected;
where a barometer is supplied with the sound calibrator, the uncertainty of measurement,
for a coverage probability of 95 %, of the static pressure when using the barometer;

n) for sound calibrators with letter "M" designation where a barometer is required but not
supplied, details of a suitable device to measure static pressure;

0) a statement of the configuration for the normal mode of operation;

p) the cables and accessories, if any, for use with the sound calibrator with which the
calibrator conforms to the electromagnetic compatibility requirements of 5.9;

q) a description of the reference orientation for testing the effects of exposure to
radio-frequency fields;

r) if applicable, the unmodulated root-mean-square electric field strength greater than the
specified requirements for which the sound calibrator conforms to the specifications of this
document;

s) the configuration, sound pressure level and frequency settings for greatest radio-
frequency emissions;

t) the configuration and connecting devices, if any, that produce minimum immunity
(maximum susceptibility) to power- and radio-frequency fields;

u) if design data for adaptors is included, this data shall include the insertion distance and
minimum diameter of the microphone at which sealing will occur;

v) details of the combinations of sound pressure level and frequency that do not conform to
the requirements for the class, together with a description of their acoustical charac-
teristics, and a statement of the nominal acceptance limits maintained about the design
goals.

Where a sound calibrator has additional features not specified in this document, the
instruction manual should include a statement to this effect together with a description of the
manufacturer’s design goals for the additional features and a statement of the corresponding
nominal acceptance limits, together with the maximum-permitted uncertainty of measurement
for a coverage probability of 95 %.
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Annex A
(normative)

Pattern evaluation tests

A.1 General

A.1.1 Annex A gives details of the tests necessary to demonstrate conformance to all the
requirements specified in this document for a model of sound calibrator. The tests are
applicable to class LS, class 1 and class 2 sound calibrators, and aim to ensure that pattern
evaluation tests are performed in a consistent manner at all testing laboratories. All applicable
tests described in Annex A shall be performed.

A.1.2 Conformance to a performance specification is demonstrated when the following
criteria are both satisfied: (a) a measured deviation from a design goal does not exceed the
applicable acceptance limit and (b) the corresponding uncertainty of measurement does not
exceed the corresponding maximum-permitted uncertainty of measurement given in this
document for the same coverage probability of 95 %.

A.1.3 Laboratories performing pattern evaluation tests shall calculate all uncertainties of
measurement in accordance with the guidelines given in the ISO/IEC Guide 98-3. Actual
measurement uncertainties shall be calculated for a coverage probability of 95 %. Where a
testing laboratory is only required to make a single measurement, it is necessary for the
laboratory to make an estimate of the random contribution to the total uncertainty, using an
earlier evaluation based on several measurements for a similar sound calibrator.

A.1.4 The uncertainties of measurement for a coverage probability of 95 % given in Annex A
are the maximum permitted for demonstration of conformance, under Annex A, to the
requirements of this document. If the actual uncertainty of a measurement performed by the
test laboratory, calculated for a coverage probability of 95 %, exceeds the maximum-permitted
value, the measurement shall not be used to demonstrate conformance to the requirements of
this document.

A.1.5 In Annex A, tables are given for the maximum-permitted uncertainties of measurement
for a coverage probability of 95 %. For sound calibrators at and around reference
environmental conditions, Table A.1 gives the maximum-permitted uncertainty for the
generated sound pressure level and short-term level fluctuation, and Table A.2 gives the
maximum-permitted uncertainty for the frequency of the sound generated. Table A.3 gives the
maximum-permitted uncertainty for the total distortion + noise in the output signal over the
specified range of environmental conditions. For sound calibrators over the specified range of
environmental conditions, Table A.4 gives the maximum-permitted uncertainty for the
generated sound pressure level, and Table A.5 gives the maximum-permitted uncertainty for
the frequency of the sound generated.

A.1.6 The test laboratory shall use instruments with current calibrations for the appropriate
quantities. The calibrations shall be traceable to national standards, as required.

A.2 Submission for test

A.2.1 Five specimens of the same pattern of sound calibrator shall be submitted for pattern
evaluation testing. As a minimum, the testing laboratory shall select two of the five specimens
for testing. At least one of these two specimens shall then be tested fully according to the
procedures given in Annex A. The testing laboratory shall decide whether the full tests shall
also be performed on the second specimen, or whether limited testing is adequate to provide
approval of the pattern.
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A.2.2 Each sound calibrator, together with all relevant accessories (such as adaptors or
barometer), shall be submitted for test together with a copy of the instruction manual. Each
class LS sound calibrator shall also be supplied with an individual calibration chart.

A.3 Principal values

A.3.1 It shall be confirmed that the principal sound pressure level of the sound calibrator
conforms to the requirement of 5.3.1.3.

A.3.2 It shall be confirmed that the principal frequency of the sound calibrator conforms to
the requirement of 5.4.1.1.

A.4 Marking of the sound calibrator and supplied documentation

It shall be verified that the markings on the sound calibrator and the information in the
instruction manual supplied conform to the requirements and contain all the information
specified in 6.1 and 6.3. For class LS sound calibrators, it shall be verified that the individual
calibration chart contains all the information required by 6.2.

A.5 Performance tests at and around reference environmental conditions

A.5.1 General

A.5.1.1 All tests in Clause A.5 shall be performed within the ranges of environmental
conditions specified in 5.3.2.

A.5.1.2 For sound calibrators designated class LS/M or class 1/M, where appropriate, data
supplied in the instruction manual shall be applied for the influence of static pressure, to
correct measured sound pressure levels to the reference static pressure. If a barometer is
supplied with the sound calibrator, it shall be used to measure the static pressure, and then
the data supplied in the instruction manual shall be applied, where appropriate, to correct
measured sound pressure levels to the reference environmental conditions.

A.5.1.3 Except for the tests described in A.5.5.6, A.5.5.7, A.5.5.8, A5.7.2, A5.7.4 and
A.5.8.2, all measurements shall be performed at an operating voltage within 20 % of the
nominal operating voltage and without exceeding the specified maximum or minimum
operating voltage.

A.5.1.4 Where the manufacturer claims that a pistonphone conforms to the specifications for
both class LS/M and class 1/M, the measurements performed shall cover all tests required for
each class designation.

A.5.2 Orientation

If a specific orientation for application of the sound calibrator is stated in the instruction
manual, this orientation shall be used for testing. If no specific orientation is prescribed, at
least 3 different orientations shall be used for the measurements of sound pressure level
described in A.5.5.3.

A.5.3 Ambient noise
To avoid ambient noise affecting any measurements, tests shall only be performed where the

sound pressure level measured by the microphone after coupling to the sound calibrator, but
before switching on, is at least 40 dB below the specified level being measured.
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A.5.4 Microphone specification

For class LS, class 1 and class 2 sound calibrators, the microphone used for testing shall be
one of the microphones specified for the relevant class in 5.8.1.

A.5.5 Sound pressure level

A.5.5.1 The sound pressure level generated by the sound calibrator shall be measured, as
an average over a period between 20 s and 25 s of operation, at the principal sound pressure
level specified in the instruction manual at each of the frequency settings for which the
instruction manual states that the instrument conforms to the requirements of this document.

A.5.5.2 It is recommended that the sound pressure levels be measured using the insert
voltage technique (described in 5.3 of IEC 61094-2:2009) or by an equivalent method to
measure the open-circuit voltage from the microphone.

A.5.5.3 The sound pressure level shall be measured at least three times. The microphone
shall be coupled to the sound calibrator before each measurement and uncoupled after each
measurement. The microphone shall be rotated around its axis at each coupling so that the
rotational orientation of the microphone is evenly distributed over the measurements. The
absolute value of the difference between the mean measured sound pressure level and the
corresponding specified sound pressure level shall not exceed the acceptance limits given in
Table 2 for the class of sound calibrator. Actual uncertainties of measurement, calculated for
a coverage probability of 95 %, shall not exceed those given in Table A.1 for the class of
sound calibrator.

A.5.5.4 Measurements of sound pressure level as described in A.5.5.3 shall be repeated for
at least one other specimen of the same model of laboratory standard or working standard
microphone as applicable, for each frequency setting of the sound calibrator for which the
instruction manual states that the instrument conforms to the requirements of this document.

A.5.5.5 For multi-level sound calibrators, the sound pressure level generated by the sound
calibrator shall also be measured as described in A.5.5.3, at each level setting at each of the
frequency settings for which the instruction manual states that the instrument conforms to the
requirements of this document, using one specimen of the model of microphone.

A.5.5.6 The measurement(s) of the sound pressure level shall be repeated (excluding
replications) within 5 % of the minimum operating voltage of the power supply, internal or
external, consistent with operation of any battery condition indicator or acoustic signal cut-off
facility supplied as an integral part of the sound calibrator, using one specimen of
microphone. Measurements shall be made for the following combinations of sound pressure
level and frequency, for which the instruction manual states that the instrument conforms to
the requirements of this document:

— the principal sound pressure level and principal frequency;

— the maximum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level,

— the minimum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level;

— the minimum frequency and the minimum and maximum sound pressure levels available
at that frequency;

— the maximum frequency and the minimum and maximum sound pressure levels available
at that frequency.

A.5.5.7 The measurements shall be performed in terms of the variation of the level of the
output voltage from the microphone at the reduced operating voltage for the sound calibrator,
relative to the level of the output voltage from the microphone at the nominal supply voltage
for the sound calibrator under reference environmental conditions. For each C°”“’Dﬁ%€Uﬁ‘ients
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absolute value of the difference between the sound pressure level generated at the reduced
operating voltage and the sound pressure level generated by the sound calibrator at the
nominal supply voltage at reference environmental conditions shall not exceed the
acceptance limits given in Table 3. The actual uncertainty of measurement of the difference,
calculated for a coverage probability of 95 %, shall not exceed 0,02 dB for class LS sound
calibrators, and shall not exceed 0,04 dB for class 1 and class 2 sound calibrators. Also, the
absolute value of the difference between the measured sound pressure level and the
specified level shall not exceed the acceptance limits given in Table 2.

NOTE The uncertainty specified in A.5.5.7 is included in the maximum-permitted uncertainty given in Table A.1.

A.5.5.8 Where the sound calibrator is designed to be connected to an external power supply,
the measurement(s) of sound pressure level shall be repeated (excluding replications) at the
principal sound pressure level and principal frequency at the maximum-permitted supply
voltage. The measurements shall be performed in terms of the variation of the level of the
output voltage from the microphone at the maximum-permitted supply voltage for the sound
calibrator, relative to the level of the output voltage from the microphone at the nominal
supply voltage for the sound calibrator under reference environmental conditions. The
absolute value of the difference between the sound pressure level generated at the maximum-
permitted supply voltage and the sound pressure level generated by the sound calibrator at
the nominal supply voltage at reference environmental conditions shall not exceed the
acceptance limits given in Table 3. The actual uncertainty of measurement of the difference,
calculated for a coverage probability of 95 %, shall not exceed 0,02 dB for class LS sound
calibrators, and shall not exceed 0,04 dB for class 1 and class 2 sound calibrators. Also, the
absolute value of the difference between the measured sound pressure level and the
specified level shall not exceed the acceptance limits given in Table 2.

NOTE The uncertainty specified in A.5.5.8 is included in the maximum-permitted uncertainty given in Table A.1.

A.5.5.9 Where the instruction manual states that the sound calibrator conforms to the
requirements of this document for the same class when used with microphone models or
microphone configurations other than that used in A.5.4, the measurements described in
A.5.5 shall be repeated for those microphone models or configurations, unless the testing
laboratory is satisfied that it has reliable, justifiable evidence of the equivalence of various
models of microphone, or of corrections to be applied. In these cases, the laboratory will
decide whether it is necessary to perform measurements using all models and configurations
of microphones, or whether to use a representative sample of these equivalent models.

A.5.6 Sound pressure level stability — Short-term level fluctuation

A.5.6.1 Short-term fluctuation of the sound pressure level in the cavity of the sound
calibrator shall be determined at the principal sound pressure level and principal frequency,
with the microphone used in A.5.4. The mean level, and the maximum and minimum levels,
measured using time-weighting F (nominal time constant of 125 ms as specified in
IEC 61672-1), shall be determined over a period of 60 s of operation of the sound calibrator,
by sampling at least 30 times at random time intervals. The absolute value of the difference
between each of the maximum and minimum levels measured, and the mean value shall each
not exceed the applicable acceptance limits given in Table 2 for the class of sound calibrator.
Actual uncertainties of measurement, calculated for a coverage probability of 95 % shall not
exceed those given in Table A.1 for the class of sound calibrator.

NOTE A sound level meter with resolution of at least 0,01 dB would meet the requirements for these
measurements.

A.5.6.2 Short-term level fluctuation shall be measured with one microphone only.

A.5.6.3 For multi-level sound calibrators, the measurement of short-term level fluctuation as
described in A.5.6.1 and A.5.6.2 shall be repeated at the principal frequency and at the
minimum sound pressure level setting, and at the minimum frequency and principal sound
pressure level setting, for which the instruction manual states that the instrument conforms to
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Table A.1 — Maximum-permitted uncertainty of measurement for a coverage probability
of 95 %, for sound pressure level and short-term level fluctuation
at and around reference environmental conditions

Range of nominal Uncertainty of measurement for Uncertainty of measurement for short-
frgequencies generated sound pressure level term level fluctuation
dB dB
H
z Class LS Class 1 Class 2 Class LS Class 1 Class 2
31,5to 63 - 0,20 - - 0,15 -
> 63 to <160 - 0,20 - - 0,10 -
160 to 1 250 0,10 0,15 0,35 0,02 0,03 0,05
> 1250 to 4 000 - 0,25 - - 0,03 -
>4 000 to 8 000 - 0,35 - - 0,03 -
>8 000 to 16 000 - 0,50 - - 0,03 -
For a class LS or class 2 sound calibrator, the "-" symbols in the table indicate ranges of nominal frequency for
which this document provides no acceptance limits.

A.5.7 Frequency

A.5.7.1 The frequency of the sound generated by the sound calibrator shall be measured, as
an average over a period of between 20s and 25s of operation, with the microphone
specified in A.5.4, at the principal sound pressure level, for each frequency setting of the
sound calibrator for which the instruction manual states that the instrument conforms to the
requirements of this document. The absolute value of the difference in per cent between each
measured frequency and the corresponding specified frequency shall not exceed the
acceptance limits given in Table 4 for the class of sound calibrator. Actual uncertainties of
measurement, calculated for a coverage probability of 95 %, shall not exceed those given in
Table A.2 for the class of sound calibrator.

A.5.7.2 Measurements of frequency shall be repeated within 5 % of the minimum operating
voltage of the power supply, internal or external, consistent with operation of any battery
condition indicator or acoustic signal cut-off facility supplied as an integral part of the sound
calibrator. The measurements shall be for the following combinations of sound pressure level
and frequency, for which the instruction manual states that the instrument conforms to the
requirements of this document:

— the principal sound pressure level and principal frequency;

— the maximum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level,

— the minimum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level,

— the minimum frequency and the minimum and maximum sound pressure levels available at
that frequency;

— the maximum frequency and the minimum and maximum sound pressure levels available
at that frequency.

A.5.7.3 The absolute value of the difference in per cent between each measured frequency
and the corresponding specified frequency shall not exceed the acceptance limits given in
Table 4 for the class of sound calibrator. Actual uncertainties of measurement, calculated for
a coverage probability of 95 %, shall not exceed those given in Table A.2 for the class of
sound calibrator.

A.5.7.4 Where the sound calibrator is designed to be connected to an external power supply,
the measurement of frequency shall be repeated at the principal sound pressure level and

principal frequency at the maximum-permitted supply voltage. The absolute vﬂ&euments
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difference in per cent between each measured frequency and the corresponding specified
frequency shall not exceed the acceptance limits given in Table 4 for the class of sound
calibrator. Actual uncertainties of measurement, calculated for a coverage probability of 95 %,
shall not exceed those given in Table A.2 for the class of sound calibrator.

Table A.2 — Maximum-permitted uncertainty of measurement for a coverage
probability of 95 % for frequency, at and around
reference environmental conditions

Uncertainty of measurement for frequency
%

Class LS Class 1 Class 2
0,2 0,2 0,2

Uncertainties of measurement are expressed as a percentage of the specified frequency.

A.5.8 Total distortion + noise

A.5.8.1 The total distortion + noise of the sound pressure signal generated by the sound
calibrator shall be measured over a bandwidth of 22,4 Hz (nominal frequency) to 22,4 kHz
(nominal frequency), as an average over a period of between 20 s and 25 s of operation, with
the microphone specified in A.5.4 at each frequency setting, at the maximum and minimum
sound pressure level setting for which the instruction manual states that the instrument
conforms to the requirements of this document. The total distortion + noise can be measured
using a rejection filter device (distortion factor meter) or an appropriate FFT analyser, and the
method of measurement shall be reported. The measured total distortion + noise shall not
exceed the acceptance limit given in Table 7 for the class of sound calibrator. Actual
uncertainties of measurement, calculated for a coverage probability of 95 %, shall not exceed
those given in Table A.3 for the class of sound calibrator. An instrument that measures total
harmonic distortion only is not suitable.

NOTE For one-octave and one-third-octave filters that are base 10, 22,4 Hz is the lower band edge of the 31,5 Hz
one-octave filter and the lower band edge of the 25 Hz one-third-octave filter. The frequency 22,4 kHz is the upper
band edge of the 16 kHz one-octave filter and the upper band edge of the 20 kHz one-third-octave filter.

A.5.8.2 Total distortion + noise measurements shall be repeated within 5 % of the minimum
operating voltage of the power supply, internal or external, consistent with operation of any
battery condition indicator or acoustic signal cut-off facility supplied as an integral part of the
sound calibrator. The measurements shall be for the following combinations of sound
pressure level and frequency, for which the instruction manual states that the instrument
conforms to the requirements of this document:

— the maximum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level,

— the minimum sound pressure level and the minimum and maximum frequencies available
at that sound pressure level,

— the minimum frequency and the minimum and maximum sound pressure levels available at
that frequency;

— the maximum frequency and the minimum and maximum sound pressure levels available
at that frequency.

A.5.8.3 The measured total distortion + noise shall not exceed the limit given in Table 7 for
the class of sound calibrator. Actual uncertainties of measurement, calculated for a coverage
probability of 95 %, shall not exceed those given in Table A.3 for the class of sound calibrator.
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Table A.3 — Maximum-permitted uncertainty of measurement for a coverage
probability of 95 % for total distortion + noise, over the
appropriate range of environmental conditions

Range of nominal Uncertainty of measuremer;t for total distortion + noise
frequencies %o
Hz Class LS Class 1 Class 2
31,5to < 160 - 1,0 -
160 to 1 250 0,5 0,5 1,0
> 1250 to 16 000 - 1,0 -

The above uncertainties are expressed in percentage distortion.

For a class LS or class 2 sound calibrator, the "-" symbols in the table indicate nominal frequency ranges for
which this document provides no acceptance limits.

A.6 Environmental tests

A.6.1 General

A.6.1.1 If the instruction manual specifies a battery of particular model and type, such a
battery shall be fitted to the sound calibrator for the tests of the influence of variation in
environmental conditions.

A.6.1.2 In order to reduce the time for testing the influence of air temperature and humidity
on the sound pressure level output of the sound calibrator, A.6.4 describes a set of
abbreviated tests shorter than the full tests given in A.6.5, A.6.6 and A.6.7. These abbreviated
tests measure the influence on the output of the sound calibrator of air temperature and
humidity combined. For the abbreviated tests, conformance to the requirements of this
document shall be demonstrated within acceptance limits smaller than those given in Tables 5
and 6. If a sound calibrator conforms to these reduced acceptance limits (described in
A.6.4.7) at all the test conditions then it shall be deemed to conform to the requirements of
this document, and the tests described in A.6.5, A.6.6 and A.6.7 shall not be performed. If the
sound calibrator fails to conform within the reduced acceptance limits for any of the tests
described in A.6.4, then the full tests of A.6.5, A.6.6 and A.6.7 shall be performed to
determine whether the sound calibrator conforms to the requirements of this document within
the acceptance limits given in Tables 5 and 6.

A.6.1.3 For class LS/M and class 1/M sound calibrators, where appropriate, data supplied in
the instruction manual shall be applied for the influence of static pressure, to correct
measured sound pressure levels to reference environmental conditions. If a barometer is
supplied with the sound calibrator, it shall be used to measure the static pressure.

NOTE Some barometers provide the data directly in the form to be used to correct measured sound pressure
levels to the reference static pressure.

A.6.2 Influence of static pressure

A.6.2.1 The sound pressure level generated by the sound calibrator shall be measured over
the applicable range of static pressure at the principal sound pressure level and at the
principal frequency and all higher frequencies for which the instruction manual states that the
instrument conforms to the requirements of this document. Sound pressure levels shall be
measured using one specified model and configuration of microphone for which the pressure
and air temperature coefficients over the required range are known. During the
measurements, the air temperature shall be kept constant as far as possible, preferably within
+2 °C of the reference air temperature. The relative humidity at the reference static pressure
shall be within £20 % relative humidity of the reference relative humidity.
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NOTE In a given volume of humid air, when the static pressure of the air in the volume is reduced by removing, or
increased by adding, a quantity of humid air, the amount of water vapour in the volume will be reduced or
increased in proportion. The relative humidity will therefore decrease or increase from the initial relative humidity.
For practical reasons, this test for the influence of static pressure does not compensate for variations in relative
humidity caused by removal, or addition, of quantities of air from the initial volume.

A.6.2.2 Sound pressure levels shall be measured at a minimum of 5 static pressures, in
terms of the variation of the level of the output voltage from the microphone as the static
pressure is changed, relative to the level of the output voltage from the microphone under
reference environmental conditions. These static pressures shall include the reference static
pressure and the minimum and maximum static pressure applicable for the class of sound
calibrator. The sound calibrator shall be left to acclimatize for at least 10 min at each static
pressure prior to performing a measurement. The static pressure shall be measured using a
device for which the calibration is traceable to national standards, which shall enable the
static pressure to be measured with an actual uncertainty not exceeding 0,2 kPa for a
coverage probability of 95 %.

A.6.2.3 For sound calibrators designated class LS/M or class 1/M, the measured sound
pressure levels shall be corrected to the reference static pressure, using the method
described in A.6.1.3 where appropriate, for the class of sound calibrator. Where applicable, a
correction shall be applied to the microphone sensitivity level to take account of the variation
in microphone sensitivity level with changing pressure, air temperature and relative humidity.

A.6.2.4 The range of static pressure over which the absolute value of the difference between
the measured sound pressure level (corrected where applicable for static pressure for sound
calibrators designated class LS/M or class 1/M) and the sound pressure level determined
under reference environmental conditions does not exceed the acceptance limits given in
Table 2 or Table 5, as appropriate for the static pressure and for the class of sound calibrator,
shall be at least as wide as that stated in the instruction manual. This range of static pressure
shall include that specified in 5.5 for the class of sound calibrator. Actual uncertainties of
measurement, calculated for a coverage probability of 95 %, shall not exceed those given in
Table A.4 for the class of sound calibrator.

A.6.2.5 The total distortion + noise of the sound pressure signal generated by the sound
calibrator shall be measured, according to A.5.8.1, at the lowest static pressure, for the
principal frequency and the maximum sound pressure level setting for which the instruction
manual states that the instrument conforms to the requirements of this document.
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Table A.4 — Maximum-permitted uncertainty of measurement for a coverage
probability of 95 %, for sound pressure level, over the

specified range of environmental conditions

Range of nominal Uncertainty of measurement for sound pressure level
frequencies dB
Hz Class LS Class 1 Class 2
31,5 to < 160 - 0,25 -
160 to 1 250 0,10 0,15 0,20
> 1250 to 4 000 - 0,30 -
> 4 000 to 8 000 - 0,35 -
> 8 000 to 16 000 - 0,40 -

These uncertainties of measurement are for the difference between the measured sound pressure level over the
specified range of environmental conditions and the measured sound pressure level under reference
environmental conditions.

These uncertainties include the uncertainty in manufacturer-supplied corrections, where applicable.

These uncertainties do not include the uncertainty of measurement at reference environmental conditions, given
in Table A.1.

For a class LS or class 2 sound calibrator, the "-" symbols in the table indicate ranges of nominal frequency for
which this document provides no acceptance limits.

A.6.3 Acclimatization requirements for tests of the influence of variations in air
temperature and relative humidity

A.6.3.1 The sound calibrator and measurement microphone shall be placed in an
environmental chamber to test the influence of variations in air temperature and relative
humidity on the sound pressure level, frequency and total distortion + noise generated by the
sound calibrator.

A.6.3.2 For tests of the influence of variations in air temperature and relative humidity, the
measurement microphone shall not be coupled to the sound calibrator, and the power to
the sound calibrator shall be switched off during all acclimatization periods.

A.6.3.3 Prior to any measurements, the sound calibrator shall be left, switched off, to
stabilize at approximately reference conditions for 12 h.

A.6.3.4 Following this stabilization, for tests of the effects of air temperature and humidity
combined and for tests of the effect of relative humidity alone, at each measurement condition
the sound calibrator and microphone shall be left to acclimatize for at least an additional 7 h
prior to measurements. For tests of the effect of air temperature alone, this additional
acclimatization period shall be at least 3 h.

A.6.3.5 Where the testing laboratory has the facility to couple the microphone to the sound
calibrator without affecting the relative humidity, measurements can be performed following
the time required for pressure equalization due to coupling of the microphone and calibrator.
If this capability is not available, a further acclimatization period of 3 h shall be allowed before
commencing measurements.

A.6.4 Abbreviated test of influence of air temperature and humidity combined

A.6.4.1 The sound pressure level and frequency of sound generated by the sound calibrator
at the principal sound pressure level and the principal frequency shall be measured for the
following combinations of air temperature and relative humidity, applicable to the class of
sound calibrator:
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Class LS Reference air temperature and relative humidity:
— an air temperature of 16 °C and relative humidity of 25 %;

— an air temperature of 30 °C and a relative humidity of 90 %.

Class 1 Reference air temperature and relative humidity:
— an air temperature of =10 °C and in the absence of icing;
— an air temperature of 5 °C and in the absence of icing;
— an air temperature of 40 °C and relative humidity of 90 %;

— an air temperature of 50 °C and a relative humidity of 50 %.

Class 2 Reference air temperature and relative humidity:
— an air temperature of 0 °C and in the absence of icing;

— an air temperature of 40 °C and a relative humidity of 90 %.

During the measurements, the static pressure shall be kept constant as far as possible,
preferably within +2,0 kPa to —4,0 kPa of the reference static pressure.

The acceptance limits on the specified test conditions are 2,5 °C and 10 % relative
humidity.

Sound pressure levels and frequencies shall be measured using one specified model and
configuration of microphone for which the pressure, air temperature and relative humidity
coefficients over the required range are known. The air temperature and relative humidity
shall be measured using devices for which the calibrations are traceable to national
standards. These devices shall enable the relevant environmental condition to be measured in
such a way that the ability of a sound calibrator to conform to the requirements for the
relevant class is not affected. The actual uncertainties of measurement shall not exceed
0,5 °C and 5 % relative humidity respectively, for a coverage probability of 95 %.

Following an initial measurement of sound pressure level and frequency at the reference air
temperature and relative humidity, measurements shall be performed in decreasing order of
the specified air temperatures, starting with the highest specified air temperature. A final
measurement shall then be made at the reference air temperature and relative humidity.

NOTE The indicated combinations of air temperature and relative humidity were chosen in consideration of the
dewpoints that were obtainable within available environmental test facilities. The combinations also reflect
the range of environmental conditions for general applications of class LS, class 1 and class 2 sound calibrators.

A.6.4.2 Changes in sound pressure level and frequency of the sound generated by the sound
calibrator shall be measured in terms of the variation of the output voltage and frequency of
the signal from the microphone as the air temperature and relative humidity are changed,
relative to the output voltage and frequency of the signal from the microphone for the first
measurement at the reference air temperature and relative humidity.

A.6.4.3 For sound calibrators designated class LS/M or class 1/M, the measured sound
pressure levels shall be corrected to the reference static pressure, using the method
described in A.6.1.3 where appropriate, for the class of sound calibrator. Where applicable, a
correction shall be applied to the microphone sensitivity level to take account of the variation
in microphone sensitivity level with changing air temperature, relative humidity and static
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