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ABSTRACT

This standard specifies the requirements for instruments to measure sound intensity employing the two-
microphone technique and methods for performance verification to meet the requirements. It conforms as
closely as possible to the International Electrotechnical Commission (IEC) Standard on “Instruments for the
Measurement of Sound Intensity,” publication IEC 1043. The primary application of this standard is to
instruments used for the determination of sound power of sources according to the requirements of ANSI
S$12.12-1992. The requirements and methods of performance verification are specified for the complete
instrument system and separately for the probes and processors forming the complete system. The latter
enables the user to assemble the instrument system from probes and processors procured from different
manufacturers. Performance verifications are written in terms of type tests and periodic verifications.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America provides the Secretariat for Accredited Stan-
dards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock, S3 on
Bioacoustics, and S12 on Noise. These committees have wide representation
from the technical community (manufacturers, consumers, and general-interest
representatives). The Standards are published by the Acoustical Society of
America through the American Institute of Physics as American National Stan-
dards after approval by their respective Standards Committees and the American
National Standards Institute.

These Standards are developed and published as a public service to provide
Standards useful to the public, industry, and consumers, and to Federal, State,
and local governments.

Each of the accredited Standards Committees (operating in accordance with pro-
cedures approved by ANSI) is responsible for developing, voting upon, and main-
taining or revising its own Standards. The ASA Standards Secretariat administers
Committee organization and activity and provides liaison between the Accredited
Standards Committees and ANSI. After the Standards have been produced and
adopted by the Accredited Standards Committees, and approved as American
National Standards by ANSI, the ASA Standards Secretariat arranges for their
publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered and that a concerted
effort be made towards their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
Standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw a standard.

Standards Secretariat

Acoustical Society of America
120 Wall Street, 32nd Floor

New York, New York 10005-3993

Telephone 1 (212) 248-0373
Telefax 1 (212) 248-0146

© 1996 by Acoustical Society of America. This standard may not be reproduced in whole or
in part in any form for sale, promotion, or any commercial purpose, or any purpose not
falling within the provisions of the Copyright Act of 1976, without prior written permission of
the publisher. For permission, address the Standards Secretariat of the Acoustical Society
of America.

Documents

Document Sharing Hub

Full document details: ANSI S1.9-1996 (2006) scan


http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan
http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan

Contents

Page

Foreword . ... e v

0 Introduction ....... ... i 1
1 £ ToTe] o - 1
2 PUIPOSE ... e 1
3 ADPICALIONS . ...t e e e 1
4 References ........ ... i et 2
4.1 Normative references ............. ..., 2
4.2 Otherrelated references ............ccooiiiiiiiiiiiinnnnnn. 2
5 Definitions .......... .. .. o i i 2
5.1 Soundintensity probe ............... ... 2
5.2 p-p probe (also known as the two-microphone probe) ............ 2
53 Reference pointofaprobe .......... ... .. it 2
5.4 Reference axis ...........iiiiiiiin ittt iiiiiienn s 2
5.5 Reference direction ........ ... ... . ... i 2
5.6 Phase difference between probe channels for a p-p probe ........ 2
5.7 Nominal separation of microphones ina p-pprobe .............. 3
58 Sound-intensity processor ........ ... i i e 3
5.9 Sound-intensity instrument . ......... ... . oL 3
5.10 Residual intensity .......... ... 3
5.1 Pressure-residual-intensity index, &g ...............oooiillL 3
5.12 Mean-pressure level ........... ... ... . . i 3
5.13 Standing-waveratio................... i 3
5.14 Operating range . ........ ...ttt i 3
5.15 Real-time operation ........... ... ..o i, 3
5.16 Phase-difference compensation ............................... 4
5.17 AUBOTANGING . . .ottt e it e et e e e 4
5.18 Sound-pressure calibrator ............. ... ... i i, 4
5.19 Pressure—residual-intensity testing device ...................... 4
5.20 Sound-intensity calibrator ............. ... .. il 4

Documents

Document Sharing Hub

Full document details: ANSI S1.9-1996 (2006) scan


http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan
http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan

5.21 L 2 =0 - QP 4
5.22 Verification . ... ... e e 4
5.23 Initial verification . ........ .. .. .. 4
5.24 Periodic verification ............ ... ... 4
6 Instrument systems—requirements ............................ 4
6.1 General .. ... 4
6.2 Principle of operation ............ ... . i 5
6.3 FrequUenCy raNgE ... ..vtiiie et iieenneiaa e inaneas PN 5
6.4 ACCUIACY ...ttt i e et 5
6.5 Fitering . ... e e e 6
6.6 Sound-intensity level indicator accuracy ........................ 6
6.7 Provision for probe-microphone-separation distance ............. 6
6.8 Presentationofresults ............. ... ... i, 7
6.9 Directional reSponNSe . ...ttt iiianiaaaaaan 7
6.10 TIM@ AVEIagiNg .. ..c.cvuttrennnnnnnen e reanaansns 7
6.11 Crest factors . ...t e 7
6.12 Provision for phase compensation ............................. 8
6.13 Provision forrange setting . ............. ... ..l 8
6.14 Provision for overload indication .................. ... .. ... 8
6.15 Provision for correction for atmospheric

pressure and temperature ................ ..o i 8
6.16 Operating environment ......... ... ... ..ot iiiiiiin.. 8
6.17 Aweighting . ...t i e 8
6.18 Performance in a standing-wave field .......................... 8
6.19 Power supplies ...t e 8
7 Processors—requirements ..............ouiiiiiinineieiiiaaan 8
7.1 General ... e 8
7.2 Principle of operation .......... ... ... . i il 8
7.3 Frequency range ...............c.uiiiirininnnrenininianians 9
74 ¥ o1 - Lo Y N 9
75 FIOring .......coiiii i i e i 9
7.6 Sound-intensity level indicator accuracy ................ ... 9
i Documents

Document Sharing Hub

Full document details: ANSI S1.9-1996 (2006) scan


http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan
http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan

7.7
7.8
7.9
7.10
7141
7.12
7.13

7.14

7.15
7.16

717

8.1
8.2
8.3
8.4
8.5

9.1
9.2

9.3
9.4
9.5
9.6
9.7

9.9
9.10

Provision for microphone-separation distance ................
Presentationofresults ............. ... ... ..ol
TiMe averaging . ... ..ottt e
Crestfactors ........ ...
Provision for phase compensation ..........................
Provisionforrange setting ................ ... . ..ol

Provision for overload indication .................... ... .....

Provision for correction for atmospheric pressure and

temperature .. ... e e
Operating environment .............................. o
Aweighting ... ... e
Powersupplies ........ ...ttt
Sound-intensity probes—requirements ......................
General ... e
Frequency range ............c.c.iiiiiiiin it
ACCUICY ..ttt it e ettt
Directional response of theprobes ..........................

Probe performance in standingwaves ......................

Tests to verify the performance characteristics of the

measurement systems, processors, and probes ...............

General ...... ... et

Octave and one-third octave filters

(instrument systems and processors) .......................
Sound-intensity level indication (systems and processors) .. ...
Probe-microphone-separation setting (systems and processors) . . .
Time-averaging characteristics (systems and processors) .....

Crest-factor handling test (systems and processors) ..........

Pressure-residual-intensity index and operating range

of the processors and instrument systems ...................

Pressure-residual-intensity index of the probes and the

instrument systems ......... ... ... ..
Frequency response (probes and instrument systems) ........

Directional response (probes and instrument systems) ........

Full document details: ANSI S1.9-1996 (2006) scan

.. 10

10
10
10
10
10
... 10
10
11

11

.. 11

1

11

11

12

12
12

12

13
13
13

Doctiments

Document Sharing Hub


http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan
http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan

9.11

10

10.1

10.2

"

1.1

11.2
Annex A
Annex B
Tables

Table: 1

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Figure

Figure 1

Probe-performance verification in a standing-wave field

(probes and instrument systems) .............. .. ... i,
Sound-intensity probe calibrators .................. ... ...
Generalrequirements .............. it i
Performance verification ............. ... i i
Nameplate data and instruction manual ........................
Nameplatedata ...............ccciiiiiiiiiiiiii it
Instruction manual information .......... ... ... ...l
Periodic verificationtests ............... .. ...l

Sound-intensity instruments based on FFT analyzers ...........

Tolerance limits for the free-field sound-pressure response levels

ofthe microphones ............ccoiiiiiiiiiiiiiiiiianananns,

Tolerance limits for the free-field mean-pressure response levels

oftheprobes ............ i

Tolerance limits for sound-intensity response levels .............

Pressure-residual-intensity index & o, and normalized phase

difference [(sin ¢)/Ar] for instrument systems ...................

Filter attenuation characteristics. ............cccoviieiiinan...

Pressure-residual-intensity index & g, and normalized phase

difference [(sin ¢)/Ar] for processors ................. ...l

Pressure—residual-intensity index & o, and normalized phase

difference [(sin ¢)/Ar] forprobes ................. ... el

Evaluation of directional response on two planes containing the

axisoftheprobe (xz.zy) ...

Full document details: ANSI S1.9-1996 (2006) scan

13
14
14
14
15
15
15
16

16

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan
http://www.avadocuments.com/doc/ansi-s1-9-1996-2006-scan

Foreword

[This Foreword is for information only, and is not a part of the American National Standard-
Instruments for the Measurement of Sound Intensity, ANSI S$1.9-1996 (ASA Catalog No. 117-
1996.)

This primary purpose of this American National Standard is to specify minimum per-
formance requirements of instruments to reduce to the lowest practical minimum any
differences in corresponding measurements obtained with various makes and models
of sound intensity measurement systems that meet the standard. The secondary pur-
pose is to ensure the accuracy of measurements of sound intensity applied to the
determination of sound power in accordance with ANSI $12.12-1992.

This standard is the American National Standard counterpart of International Electro-
technical Commission Standard, IEC 1043 (1993), Instruments for the Measurement
of Sound Intensity. The technical requirements in this American National Standard are
similar to those in IEC 1043.

This standard contains one informative annex.

This Standard was developed under the jurisdiction of Accredited Standards Commit-
tee S1, Acoustics, which has the following scope:

Standards, specification, methods of measurement and test, and terminology, in
the fields of physical acoustics, including architectural acoustics, electroacous-
tics, sonics and ultrasonics, and underwater sound, but excluding those aspects
which pertain to safety, human tolerance, and comfort.

At the time this standard was submitted to Accredited Standards Committee S1,
Acoustics, for final approval, the membership was as follows:

G. S. K. Wong, Chair,
R. W. Krug, Vice Chair,
A. Brenig, Secretary

Acoustical Societyof America.................. ... ... P. D. Schomer

G. S. K. Wong (Alt)
Alr-Conditioning and Refrigeration institute .............................. S. Wang

G. Acton (Alt.)
American Industrial Hygiene Assoclation ................................ L. H. Royster

J. F. Meager (Alt)
- Y- 1 M. S. Mayer

R. M. Sachs (Alt.)
Audio Engineering Soclety ................ ... ... iiiiiiii e L. W, Sepmeyer

M. R. Chial (A#t.)
Bruel & Kjaer Instruments, ................. ... .. i E. Schonthal
Computer and Business Equipment Manufacturers

Assoclation (CBEMA) ............ ... ... ... ... . ..., R. Lotz,

W. F. Hanrahan
Larson Davis Laboratorles. ................... ... ... ... .. i, R. Anderson

L. Davis (A#.)
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National Councll of Acoustical Consultants. .............................. B. E. Walker
G. L. Augspurger (Alt.)

National Institute of Standards and Technology........................... V. Nedzelnitsky
D. J. Evans (Aft.)
Sonetronles, INC............... o e e R. T. Linderoth
U. S. Army Aeromedical Research Laboratory ............................ B. Mozo,
J. H. Patterson (Alt.)
U. S. Communications-Electronics Command. ............................ T. Y. Fung
U. S. Army Construction Engineering Research Laboratories
USA-CERL) ...ttt it P. D. Schomer,
M. White (A#.)
U. S. Armmy Human Engineering Laboratory . ........................ .. ... J. Kalb
G. Garinther
U. S. Army Primary Standards Laboratory (APSL) of the
U.S.Amy TMDE Support Group . ..............cconiiiiiiiiinnennnns J. R. Arrington
U. S. Departmentofthe AirForce ... ..........................iiiiiinnnnn R. L. McKinley

Individual Experts of Accredited Standards Committee S1, Acoustics, were:

J. R. Bareham R. M. Guernsey L. W. Sepmeyer
S. L. Ehrlich R. K. Hillquist W. R. Thomton
K. M. Eldred D. L. Johnson

H. E. von Gierke
D. R. Flynn W. W. Lang
W. J. Galloway G. C. Maling, Jr. G. S. K. Wong
E. E. Gross, Jr. A. H. Marsh R. W. Young

Members of Working Group S1/WG12, Instruments for the Measurement of Sound
Intensity, which assisted Accredited Standards Committee S1, Acoustics, in the de-
velopment of this Standard, had the following membership:

G. Krishnappa, Chairman

R. J. Anderson V. Nedzelnitsky J. W. Waite
M. J. Crocker R. J. Peppin S. Wang
P. Donavan J. Pope

G. 8. K. Wong
D. Johnson A. F. Seybert
G. C. Mailing J. Tichy D. M. Yeager

Suggestions for improvement will be welcomed. Send suggestions for improvement to
the attention of Accredited Standards Committee S1, Acoustics, in the care of the ASA,
Standards Secretariat, 120 Wall Street, 32nd Floor, New York, New York 10005-3993,
USA. Telephone: 1(212) 248-0373; FAX: 1(212) 248-0146.
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AMERICAN NATIONAL STANDARD

ANSI $1.9-1996

American National Standard

Instruments for the
Measurement of Sound
Intensity

0 Introduction

A sound-intensity measurement system satisfying
the requirements of the standard will consist, in gen-
eral, of a sound-intensity probe and a processor.
Sound intensity is determined by a probe that
senses sound pressures at two closely spaced
points by two pressure-sensing microphones. The
signal processor may be a dedicated analyzer or a
computer system capable of sampling the sound-
pressure signals from the probe and calculating the
sound-pressure and sound-intensity levels in the re-
quired frequency bands.

Sound-intensity measurements are widely used to
determine sound power of noise sources in situ.
This method has the advantage of determining
sound power by measurements carried out in the
normal operating environment of sources, without
the requirement of special facilities such as
anechoic or reverberation rooms. Other applications
of sound-intensity measurements include the deter-
mination of transmission loss of panels and investi-
gation of the sound-radiation characteristics of com-
plex sources.

The overall uncentainty in measured sound intensity
depends on many factors. These include the instru-
ment type, the frequency band, the angle of inci-
dence of sound waves, the angle of the sound-in-
tensity vector relative to the probe axis, the
measurement environment, and the sound field. Be-
cause of its wide variations with these factors, a
specific accuracy appropriate to all conditions can-
not be given. Performance verification of the instru-
ments is specified mostly under free-field condi-
tions. As the geometrical configuration of the probe
may be non-axisymmetrical, the directional charac-
teristics on two perpendicular planes under free-
field conditions are required.

Instruments, processors, and probes are classified
according to the measurement accuracy achieved.
There are two grades of accuracies, designated as

class 1 and class 2. The class 1 instrument, desig-
nated precision, is intended for accurate sound-in-
tensity measurements in the field or laboratory. The
class 2 instrument, designated general purpose, is
intended for general field use. While the same re-
quirements apply to both classes, the differences
are in the tolerances allowed.

A scheme for periodic verification, serving as the
basis of the periodic recalibrations required in many
countries, is given in Appendix A.

Probes and processors are treated separately and
together forming the instrument system.

1 Scope

This Standard applies to instruments that determine
sound intensity by a two-microphone probe, consist-
ing of a pair of spatially separated pressure-sensing
microphones. Minimum requirements for two basic
classes of instruments, class 1, precision, and class
2, general purpose, are specified, with tolerances
increasing with class number. The instruments are
required to analyze sound intensity in one-third oc-
tave or octave bands and optionally to provide A-
weighted band levels. They are also required to
measure sound-pressure levels in addition to
sound-intensity levels to facilitate the use of field
indicators in ANSI S12.12-1992. The performance
requirements of the probe and processor, compris-
ing the instrument system, are specified together
and separately.

2 Purpose

The primary purpose of this American National
Standard is to specify minimum performance re-
quirements of the instruments to reduce to the low-
est practical minimum any differences in corre-
sponding measurements obtained with various
makes and models of sound-intensity measurement
systems that meet the standard. The secondary
purpose is to ensure the accuracy of measurements
of sound intensity applied to the determination of
sound power in accordance with ANSI S12.12-
1992.

3 Applications

The main application of this standard is to deter-
mine sound power of noise sources, especially in
situ, according to ANSI S12.12-1992. The other ap-
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