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Section I

INTRODUCTION

l,l Background

Recent efforts by the Federal Government and several state and local
governments to control environmental noise In'an effort to reduce noise
exposure of the population brought out the need for uniform, standardized
sound measurement methods, human response evaluation and analysis of noise
control effectlvenees. Although the voluntary standards system coordinated
by the American National Standards Institute (ANSI) has been and is
presently providing, through its various committees concerned with sound, a
bread spectrum of standards on physical acoustics, bioacousties and noise
emission by various sources and its control, it became obvious that the
various legislative and regulatory needs required additional, sometimes
slightly dffferent_ standards from those available. Frequently, regulatory
agencies are committed to mandatory time schedules and require standards
reflecting the present state of knowledge. These standsrds often are not
available and cannot be produced as voluntary consensus standards without

adequate lead time. Since these regulatory efforts are rapidly increasing#
it can clearly be foreseen that the need for additional and/or updated
standards also will increase.

To anticipate these needs and to provide for a coordinated program of

standards development of the voluntary system to s_Isfy government
requirements, the ANSI Executive Standards Council established in 1976 the
._NSIStandards Planning Panel on Noise Abatement and Control. This panel,
composed of representations from the various societies with an interest in
noise standards and from regulatory agencies, issued a report ("Assessment

and Recommendation: Report of ANSI Standards Planning Panel on Noise
Abatement and Control") carrying out the Planning Panel#s mission to: (1)
identify standards needs and their priorities and scheduling requirements,
(2) determine if there are standards projects covering the scope of the
needss (3) identify the standards developing organization most capable of
cnrrylng out the mission and (4) endeavor to have the project initiated in

.a standards developing organizatlon. One of the crltlcsl action items

recommended in _he Planning Panel's report is the convening of n conference
workshop on "Degelopment of Standards for Environmental Sound" to prepare
(i) "a detailed, integrated development plan for voluntary standards,
including priorities and research requlraments, for measurement and
evaluation of sound in commun_tlest rooms end industry, and for basic
standards necessary to support measurement and evaluation of source sound
emission and its control and (2) guidelines for the use of writing groups
in the fnderatmd voluntary standards system, which are endeavoring to
develop standards for the measurement of source sound emission, with
particular emphasis on relating the intent of the measurement standard with
the ease of use, accuracy and appropriateness for its purpose."

1Available from the American National Standards Institute, 1430 Broadway,
New York, N, Y. 10018 _nd from the Acoustical Society of America, 335 E.
_5 St., New York, N. Y. I0017.



In response to this recommendation such a workshop was organized and
manaped by the Acoustical Society of America under the auspices of the ANSI
Standards Planning Pnne] on Noise Abatement and Control and was sponsored
by the [LS. Environmental Protection Agency in cooperation with the
National Pureau of Standards. It was held Dec. 7-9, 1977, at Deerfield
Reach, F]orlda, with the adrllnlstratlve support of Florida Atlantic
University. Participants came from many voluntary standards organizations
Includlng the Acoustical Society of America, ANSI, the American Society for
Tenting and Materials, and the Society of Automotive Engineers, and from
several federal agencies including, In addition to FPA and _BS, the
Department of Labor, the Department of Transportation, the Department of
Health, Education and Pelfare, the Department of Houslng and Urban
Development, the U. S. Air Force, the U. S. Navy and tlleGeneral Services
Administration. Additional participants _ame from state governments,
industry, universities and acoustical consulting organizations (for List of
Participants see Appendi_ All. The participants contributed to the
t_rkshop as individuals, not as representatives of their organlzatlons.

The results of the t_rkshop are presented in two separate documents
according to the two goals listed above: the report on "Plan for the
Development of Voluntary Standards on Environmental Sound In Response to

Federal Agencies' Needs" and the present report on "Guidelines for the
Preparation of Procedures for }_asurement of Source Sound Emission".

1.2 0p.e.ratlonof the Porkshop

Sixty-eight people attended the _rkshop. Thlrty-two were assigned to
the "guidelines!', thlrty-tbree to the "planning" division according to
expertise and organizational bachground and the three staff people were
involved with both divisions. Care was taken to have balanced
representation on all groups. _st participants had received assignments
ahead of tlme and after opening presentations and agreement on purpose and
goals, detailed discussion and collection of material took place in small
working groups. The results of the working groups' analyses and
recommendations were presented to all workohnp participants to benefit from
broad discussion and all possible inputs. The final accumulation and
editln_ of the reports took place after the workshop and all participants
were Riven another chance for review and comments. An attempt was made to
incorporate all opinions and suggestions. When conflicting opinions
existed they were resolved hy the working group chairpersons, the division
chairpersons or the editor, Although an attempt was made to achieve a
consensus document, gins1 responsibility for the guidelines report rests
with the five peraonn who chaired the guidelines division and with the
editor.

1.3 Introduction to the _idelines

Thls report contnlns guldellnee for the preparation of proceduree
(standards. test codes, recommended practices, etc.) for measurement of
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source sound emlsalon. These guidellnes are intended to provide the
framework for the thought processes to be followed in developing

e measurement procedures. They do not contain a catalogue of existing
procedure_ nor do they contain s eolleet_on of speclf_c requirements.
Rather. they outllne the general questions and _ssues which need to be
considered by the workln_ group (writing group, subeomlttee, etc,) during
the development of n _easurement procedure.

This report Is or_anleed in eight sections and rye appendices.
Section 2 contains a sun,mary check-llat for the guidellnes. Section 3
discusses conslderatloos for the purpose end scope and other necessary
raterlal preceding the procedure. Sections 4, 5, and 6 cover measurerent
conditions, operaclone during tests, and measurements and data reduction,
respectively. Section 7 considers the test report and section 8, the
various posslble needn _or supplemental information. Appendix A1 lleta the
Porkohop participants and Appendix A2 provides suldellnes £or eelentlon of
desorlptors related to human response.



Sectlon 2

GUIDELINF SL_ARY CSECKLIST

The following sections of this report provide a structure for items to
be considered by a working group during the development of n procedure for
the measurement of source sound emission. Pach such procedure is of course
unique and thus not all of the factors may be applicable.

This section contains a checklist which le intended to ensure that o

workin S group addresses all the elements which should be considered in
developing a standardized procedure for measurement of sound source
emission. The key item for consideration Js the purpose. All other items
must be considered in relation to the purpose, consistent with ease of use
and accuracy required to meet the purpose.

Prefatory Haterinl
Perpose - sound source and descrlptor_ risesand users, conssquenees
Scope - source and operating mode(s)
Compatibility with other procedures and standards
Sound descriptor(s) to be measured
Hsasurement accuracy intended
Definitions unique to the document

Hansursment Conditions

Instrumentation speclficatlnns, tolerances and calibration
• Support equipment

Test environment required
Physical sJte

. Ambient conditions - acoustic and atmospheric

Test Operations
Source configuration and installation

• Source operating mode(s) durlnS test
. Repeatability of operations, results
• Relative complexity of the procedure

!_ansnre_ents and Data Reduction

Specification of preferred sound descriptor
Replications necessary
Varlabillty, eonEidenee criteria
Corrections to measured data

Test Report
Documentation of source type_ installation and operations; site
condition, configuration and snvlronmental conditions; m_asurnmont
equipment etc.

• Report o£ final sound data and any adjustments made



Supplemental Znformacton
• RattoneZo for test procedure requirements
• E_pl_net_on of eompromL_e_ mode

naterm_netlon of moasureeenc uncertainty
Supportive reel dale
Overe]l eooeeemenC o_ the measurement procedure

f,

$
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Section 3

PPFFATmPY HATEPTALIN A PEASltR_fEHTPROCEDURE

This section enumerates and dlscusees these items that should be
considered for Inclusion in the prefatory sections of a measurement
procedure.

3.1 Purpose

The first section following . genera] introduction of a procedure for
the measurement of sound source emission should contain a concise and

complete statement of purpose. This generally enrolls flve r_alnfactors:
Sound source

Sound descriptor
_ntended uses of the measurement _ara

Intended users of the procedure
Possible consenuences of the sound from the source when in use

which procedure is _ntended to eddress

3.1.1 Statement of Purpose

One can be_in with s simple statement that the purpose of the
document is to describe a stsndardlzed procedure for defining sound
emissions of e specific stationary or mobile source under specified
operating conditions for certain uses by defined user groups and with

respect to specific consequences of the sound emlssl_ns, (An example of u
statement of purpose is given in the footnote below. )

3.1.2 ,Oees

The statement of purpose should identify intended uses. Following is
s partial llst of usesz

Determlnln_ompliance with purchase specifications and
Certlflcat_on

DetermlnJn_ compliance wlth regulations
gntlng
Lebel.lnp

Qual_ty assurance
Performance verification
Englneerlnp Informstlon
Honttertn_ (by enforcement agencies and others)
Degradation assessment
Contracts between buyer end seller

IAn example of a staoement of purpose is the following: The purpose of thls
standard ls to describe a procedure for defining the sound emissions of
widgeta when used In the high-speed mode during the manufacturing cycle of

,gadgets. This procedure is intended for use by regulatory enforcement agencies

and,for pruduc_ion,verlflcatlen to establish compliance wlth noise regulations jand specifications for widge_s. The primary concern Is the rlsk of hearing
damage to widget operators and gadget production llne workers. Special
purpose widgsts are not covered by thls standard.

6
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3.1.3 User Croups

The statement of purpose should identify expected users oE the
procedure. Typical users may include:

Regulators (federal, state, or local)
Legislators (federalp state, or local)
Panufacturere

Operators
O|mers/eontractsrs
Enforcement agencies or offlolals
Public interest groups
Consumers

3.1.4 Conse0uenoea

Data developed through application of this procedure may be expected
to be used for eetlmatln F potential effects on people such as operatorsp
passengers and others _n the vicinity. Possible effects include, but are
not limited tot

Task interference
_ear!ng loss
Communlcatlon J.nterference

• Annoyance (or averstvsneas)
Sleep interference
Interference _d.th Che detection end recognition of signals

Pore details on human response can be found in Appendix A2.

3.2 Scope

:_ The statement of the scope.of a procedure should be a clear, concise
description of the source, or class of sources| including a description of

_. operating cycles or modes of concern. _.'hcn appropriate, the scope should

i! .m_tete exclusions in terms of applications of the data to situations beyond
_ "Ebo purpose of the procedure.

_: 3.3 Compatibility

i: The _orkln_ group should consider exlst_ng, proposed and draft
documents deallnF with slmilarsources and basic acoustical measurement
procedures. Where appllcable, the _rlclnp _roup should consider
inuorporatln_, or including as references, appropriate national and
inccrnntlonal consensus standards and _svernmentaZ regulations. Typical
documents to _e considered may Include_

• Standards for measurement of similar acoustical quantl_les (e.g.
sound Zevsl, sound pressurelevelp and sound power level)

• _andsrds concerned _h similar types 0£ sources
Standards related to the sppltcation of the procedure

3.4 Sound Descriptors

7
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3.4.1 Defin[tto_nn

One of the objectives included in the statement of purpos_ is to
define the sound emiastnn of a source. In order to do that exaetly_ many
acoustical parameters have to be measured. }]o_lever,not all of them may be

relevant to the purpose. Therefore, one must choose those parametersD or
combination of parameters, that are appropriate to the purpose. The chosen
quantity(ies) is called a sound descriptor(s) and may be based on one
acoustical parameter or a set of such parameters, The descriptor(s) may be
obtained by direct measurement or may be based on calculations from
measured acoustical parameters.

Descriptors which are appropriate to the intended use of the standard
should be defined and identified. Sound descriptors may evaluate one or
more properties of the sound, includinp the following:

Amplitude
Frequency (for weighting purposes or for identification of tonal
quantities, etc.)
Temporal characteristics
Directionality

3.4.2 Some Applications of Descriptors

There are many descriptors which have been devised to relate the
physical magnitude of sound with its effects on people. The A-weighted
sound pressure level (sound level) has the most common use. Loudness level
and perceived noise level are also used for specific types of sources and
applications.

The descriptor should be specified either as a quantity to be measured
directly or a quantity to be calculated from frequency band measurements,
and should be appropriate for the temporal variations of the noise to he
measured and the effects considered. For time varying noise emissions, a
time-averaged sound level such ae equivalent sound level (L ) is in most
common use. However, other descriptors, such as time varyl_ octave or

'_m-thtrd octave band levels or sound po_mr levels etc., raay ba required
when the data are needed for differing purposes, such as sound abatement,
computing the source efficiency in sound emission or choosing a site in a
land use planning study.

More detailed guldellnee for descriptors related to human response can
be found in Appendix A2.

3.5 Heesurement Accuracy: Fnvlronment and Instrumentation

3.5.1 Background

There arm three levels of accuracy requlremants for procedures which
have been generally used in measuring oource sound emission. Thoy are_

8



Precision test method (also called primary or basic test method)
Engineering teat method (also often called regulation or
performance verification test method)

Survey test method (also often called In-use compliance or
screening test method

These methods arm characterized by the environment in which the test
is performed amd by the type of instrumentation used. In general, the more
highly controlled the environment, the closer the tolerances of the
instrumentation, and the greater the training and skill of test personnel,
the more precise the test.

The accuracy of the test should be appropriate to the purpose and be
cost-effective. As used here t the precision test method provides the
engimeerj deelgse_ and manufacturer with the most reliable _nformotion
possible about the sound emission of a source. One of its uses is for
design development, validatinn_ etc. The engineering test method can be
used for testing for compliance with regulations or quality control at a
manufacturer's plant. The survey test method can be used to measure the
sound output of a source while in use and to.monltor changes in performance

with time. However the choice amongst these three levels of accuracy
should be made after weighing all consequences of the choice (including
cost and practleality) with respect to the purpose.

Further discussions on measurement accuracy can be found in sections
5.2 and 8.4,

3.5.2 lnfornmtlon for Inclusion with the Prefatory Haterial

The measurement accuracy should bm stated. A concise description of
the environment where the teats are to be made should be given. The
description should Include acoustic field properties, i.e. reverberant,

_: _ree flnld, ate.# and ambient noise level. These environments may be:
Special test facilities such as a highly controlled outdoor site or
indoor room. The ambient noise is also controlled so that it does

: not impair the precision slgnlficantly.
On the produetlon llnej or in a manufacturer's plant. Thla can be

_ n well defined site with limits on the ambient noise,
In situp or at the place .here the source or product is used. Here

5 the procedure must cope with the ambient noise as found.

_:The class of instrumentation should bn described. This may be
precimions _enarel purpose or survey, d

3,6 Definitions

New or unfamiliar tcrminoloRy must be defined, and references to
aeletln_ standards should be given for common terminology.

,/



Smctlon 4

MEASUN_IENT CONDITIONS

This section discusses instrumentation, support equipment, end
environmental requirements as they relate to the purpose of the test
procedure and its associated accuracy requirements.

Acoustical characterization of a source is the objective of the I
acoustic measurement procedures being considered. Howeverp the support

equipment and the environment in which a source is operated usually affect
its sound emission. The environment includes the physical site and
environmental conditions. These factors should either be controlled,
llmlted, or monitored to the extent consistent with the purpose 0£ the tent
procedure. That is, if a high degree of acoustical accuracy is desired,
extremely close attention must be paid to the measurement tolerance and
control of the support equipment and any environmental factor that may
affect the measurement. On the other hemdp if a lesser degree of accuracy
In acceptable, llttle or no control of these factors may be required.
Accordingly, attention should be given to two classes of measurementl

Mecsnremcnt of sonmd output of coerce s such as soued level_
frequency, etc.

• Measurement of environmental factors such as temperature, wind
speed and length (for location of reflecting surfaces) D surface

impedance, etc.

These involve both acoustical and non-acoustlcal measurements.

Fach environmental factor needs to be identified and evaluated in
terms of its potential effect on the sound output measurement. Whenever
posslble the degree 0£ measurement accuracy for the environmental factors
should be determined by the sensitivity of the acoustical measurement to
these influencing factors. If that relationship cannot be defined, a
Judgment should be made as to how accurately the factor needs to ha
measured based on practicality and available test instrumentation.

For example, assume the measurement of sound from a given device is
influepcud by ambient temperature. If a sound level versus temperature

rclntic_shlp existsm e.g., X dB/'C, this would define the needed accuracy
for mea_rrement of the ambient temperature. If such a relationship cannot
be defined, it might be determined that a temperature change of +I'C can
easily be measured with readily available equipment. Therefore,"Judgment
would dictate measurement to this accuracy.

I0
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4.1 Instrumentation

Inntrumants required to perform both acoustlcal and son-acoustical
ms_i.urementsneed to be specified. The preclslon and cnlibratlon of the
instrumentation used can greatly affect the results obtained, and the
inntrumentstlon should be chosen to m_tch the measurement meeds of the
test.

4.1.1 _pmciflcation

Speclflcntlons should be included for all instruments. Factors to
consider ere:

Frequency response and frequency _night£ng
Dynamic range requirements
Meter eharacterlntles (e.g. fast, slow etc.)
|_henever possible the instruments should be required to conform to
existing standards.
For instruments for which standards do not exlstp or when existing
standards are not sufficient, specific criteria for evaluating the
performance of such devices should be included. For example, if
one wishes to measure the transient acoustic output of a noise
source, thm response of the _nstrumantation to one or more _ell
defined and relevant transient signals should be specified.

4.1.2 Tolerances

The allowable tolerances _hich the instruments are required to meet
should he clearly stated. The following ite_ should be included or
considered:

• The measurement range for each parameter should be defined end the
tolerance established for that range.

• The deflned range for each instrument should be estsbllshed such
that the highest expected readings are close to full scale,
Unnecessarily restrictive tolerances should be avoided. As an
example, if it Is required that the wlnd speed be no more than X
kilometers per hour, the _olernncm for the instrument measuring
wind speed should be specified for the vicinity of the limiting
wJndspeed and not over the entire range of possible wind speeds.
(Thln recognlcns thst typical anemometers have a threshold wind
npeed for indication, sad an overall tolerance may mundane

_ncessarily complete or expensive instrumentation.)

Instrument specifications should be applied not only to the specific
components but to the overall system, the tolerance of the total system Is
the critienl parameter to be defined. Caution must be exercised to aecount
for the buildup of tolnrnenes 0£ the _ndividunl components that comprise
the synt_, For sxnmplej combining several instruments which individually
meet n specific tolerance npeni_icstion does not guarantee that the'overall
system rill meet the same specific tolerance specification.



_.1,3 Cnlf_rnt_nn

The measurerest procedures should specify the minil.t11_ ca]ibrati_n
nroeedu_es that are rcqutro¢l for nor_nai testtnv, as _ell as th_ rote
detailed calJhratton prncedurf,s _,hieb are required to ensure proper
fUnetionin_ of am entire instrum0ntation system. Factors to consider
include the fo_lo_dmR:

, Fre,uency of calibration: The frequency with vhich these
procedures will have to be repeated depends on the stability of the
instrumentation.

Use of an outside laboratory: The complete calibration may be
beyond the capability of the laboratory or organization perfor_in_
the test (s.F. calibration of the random incidence response of a
sound level meter hy a local repulatory enforcement agency). I£
so, reouiremcnts for periodic calibrations by an outside laboratory
with the necessary capability _hould be stated.
Prlmnry standards: Traceability of the calibration to primary
standards such as those maintained at the Hationsl Pureau of

Standards should be considered when applicable.
' Performance check: Some procedure for checkln_ the system

performarce at each time of use should be included.

Complexity| The complexity of calibration should be consistent
_Ith the purpose of the standard, tar example, n single point
sln_le frenuency field callbrntion may be adequate for measuring
overall sound level, hut n wide range frequency and amplitude
callhratlon may be renu_red if extreme accuracy is desired.
Cnlihrntor accurnnv is dictated by the deslred accuracy of
measurement.

4.2 Support Equ±pmemt

0finn support equipment is required to make acoustical _easurements.
fxsmples are the _nternak combustion engine used in the acoustlcal

cvnlustlon of exhaust mufflers or the portable air compressor used to power
n pavement breaker under test. This support equipment _ust be controlled,
monitsred, nr limited to ensure that it is operated at appropriate
conditions and the proper input is provided for the desired test

conditions. Addltlonally, the acoustical influence of the support
esulpmemt must be considered. Complete elimination of sound emission from

support equipment Is'deslrable hut may not al_.aysbe feasible in which case
corrections to the test data may be necessary.

4.3 Test Environment

Envlrom_ent of the test is defined by the physical site and ambient
condltinns. Each of these parameters must be considered in terms of the
nurpose of the intended procedure as described in emotions 3.1 and 3.5.

4.3.1 Phial eel Site

12
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Slte apeclfleatinn_ should be developed to optimize repeatability of
test results, The availability of test sites as specified should be

considered so that the test can be performed in ns many different locations
as are desired.

Sites may be ehereeterlced in two ways:
By controlled specifications (such as "seml-polished Portland
cement concrete" indicating grade of aggregate and surface
roughness)

By acoustical qualification procedures (such as "surface impedance
IL'aitations")

For example, u reverberation chamber may be qualified on the basis of
a well defined calibration proeedu=e with standard equipment, On the other
hand, a paesby test site is specified in terms of surface conditions and
abeencm of nearby reflecting surfaces.

Speelflestlone and restrictions must be carefully considered to avoid
unnecessary site constraints. For example, for some purposes a ten meter
distance to e reflecting surface might be adequate nnd should be specified
rather than specifying the typical thirty meter requirement. In order to
ascertain the adequacy of a lass stringent requirement, experimentation is
often necessary.

Some of the alia parameters that should be considered may include:
Cutoff frequency (e.g., anechoic and semi-anechoic rooms)
Impudence end flatness of reflecting planes (e.g., passby and
stationary sites)

• Room absorption end diffuser effects (e,g., reverberation rooms)

,:_ An example is the inconsistency encountered between outdoor
measurements conducted over ground surfaces with differing acoustical
properties, such as sealed and unsealed open-graded asphalt surfaces or

: concrete end dirt. For other test procedures, it may be desirable to
specify specialised sites (for example, measurements inside ducts which
have specific dimensions and acoustical properties).

• 4.3.2 Ambleut Condltions

Ambient conditions can affect the sound generation and radiation
characteristics of a source, the propagation of the noise between source
and receiver, sad the measurement accuracy. Those factors which are
significant should be measured and controlled within appropriate limits, or
taken into account by corrections. These factors may include:

Ambient noise
Air speed and wind gradient
Temperature and tampers,mrs gradient
Relative humidity (air absorption)
Barometric pressure

For example, temperature, air speed end background noise level may be
controlled tn an anechoic chamber. _owevsrp for outdoor measurements,

13
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hdcl:Rroundno1_o lcvrl_ to,ether _£th temperature, _zlndspeed and thelr
_radlents often need to be mnnltored and the test shoold _v conducted only
I¢ the_e paramrter_ fa_1 within predoter_ined li_itB, or If appropriate
corr_ctlon_ ea_ he aT_I_lJ©d.

%

T_.eeffect of nm_1_nt conditions on sound propagation _hoold also l.e
addressed. Tempernture gr_dlents, wlnd _radloot_ and alr absorption ere
f_ictorsthat can crltlcally effect sound propa_atlon. In _eneral,
propagation effects become more crltlc_l as _oasurement distance Increase_o

It_



Section 5

MFASURF_F_:TOPFRATIONF

This section conaldern source confi_uratlon, _nstallntlon nnd
operation; rspeattbtlity; and st_p!icity vs r_,ml,textty of the test
procedure.

5,1 Source Confi_urationp _nstallatlon and Operation

i The configuration, installation, and operation of the _ource should be
such that it will produce results consistent with the intended objective of

i the procedure. Heasurementn representing operator exposure and bystander
exposure to the same source _my require different test conflgurations
and/or operating modes.

All source operatin8 parameters that could have a signIEicant effect
on ths test results should be identified and dealt with. An objective
evaluation mast be made to decide if a parameter should be controlled
within a close limit, allored to vary over a wide range or taken into
consideration by correction techniques. Some parameters may be left

•uncontrolled if it is decided that they do not significantly influence the
: test results or if control is so difficult that It is more reasonable to
accept the resulting varlab_llty; _n these Instances co,eats should be
_made _ithln the document and/or in the rationale documentation (see Section
8).

5.]..1 Fnvlronmental Conditions

Fnvlronmenta] factors _ich significantly affect the sound output of
the source should be measured and controlled within appropriate limits or
taken into account by eorrectines to the extent practical and consistent
vlth the purpose of the standard. These factors have teen dlscussed in
Section 4.

5.1.2 Source Condition

i Operatlonal conditions whleh significantly affect the sound output of

i the source should also he appropriately measured end controlled or varied., These condltlona may include:
Fleetricnl supply voltage and frequency

ij quantity and state of fluids oupplled by support equlp_ent
: Operatin r opeede

TemperaturesPreg_nrss
Load
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PbysicaZ condlttons o_ the source shou]d he specified and/or recorded.
_,_ere approprlate_ provinJona should be specified relative to euitahle
break-in periods for new sources, and time required to attain equ_Iibrium
conditions, etc.

5,1.3 Configuration and Installatio n of a Source in a Sound Heasuremenc
_le_d

The sound value(s) reported through the use of a sound measurement
i, rocedure depends on, among other factors:

The configuration and installation of the source
The configuration and installation of auxiliary equipment
The spatial environment Ln which the source is located
The microphone field (arrangement and orientation of microphones)
used to measure the radiated sound,

Thusj in the development of a procedfire, these factors must be properly
considered.

5.1.3.1 Spectfxing the Confi_ura_ionand .Installation

The configuration and Installation of the source may ha e critical
factor _n its generation and radiation of sound. In the preparation of a
proeedurej decisions must be made on whether the source should be measured
in a typical use envlron_ant or a highly controlled environment. If the
purpose of a procedure is to determine the sound emission under typical use
conditions, the various ways in which a source might be configured sad
Installed may dictate that several configurations and _nstallat/ons be
tested. The procedure should specify the configuration and installation of
_he source.

5.1,3.2 Specifying Auxiliary Equipnent

Sources maynormally be used with standard components, accessories
and/or auxiliary equipment. Such equipment _ay be necessary or inciden_ul
to the operation of the scums as in the case of accessories. This
equipment may act as an addlcionaI source of soundp as in the case of the
surface of the sink which is eat into vibration by the operation of the
garbage disposal. The equipment rmy also ant aa an attenuator. To insure
e meaningful test, these components may have to be specified,

5.1.3.3 Specifying SpeCie1 Environment

ERamples of applications of configuration, installation and opera,inn
migh_ rangefrom attempting to reproduce typical usa _vironmenta (e.g.,
for determining operator exposure) to identifying differences in like
_eurces (e.g.. for labeling or design purposes). In the former instance,
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there Is hlter_r only in the sound that reaches the operator, _.'hile_n the
latter _':i_ej ;t _,,,te complete measurement of the radiated sound field is
often of concern (e.g.p sound levels at specific dlatanees and direrrh)ns
from the source or sound power and dlrectIvity of the source).

The spatial environment in whleh a source is located can amplify or
attenuate the measured sound level. The development of the measurement

procedure should evaluate whleh spatial environmental factors must be
limited or established to provide results in harmony with the purpose of
the measurement procedure.

5.1.3.4 Spec_fyin_ the Micrmphome Field

The microphone field can affect the result obtained from a measurement
of source emission depending on the directlvity characteristics of the
source. Tilechosen microphone field must be in harmony with the purpose of
the measurement procedure. The number and location of the microphones will
usually affect the reported result or the utility of the information.

For example, if the purpose of the procedure is to measure operator
sound exposure, the location of the microphone(s) should be representative
of the position of th_ operator with respect to the source. If the purpose
is for the general description of source sound emission characteristics, a
number of microphone locations may be required depending on source
dlrectlvlty, range of distances of interest, size of the source,
repeatability, elmpllclty and intended use of the results. There may be
tradeoffs between measurement dlstamce and the number of microphone

positions, The nlza of the source and its radiation area, the spatial
environmmnt and the desired measurement accuracy of the procedure must all
be considered in arriving at the desired microphone field. Where sound

power values are the desired output, the number of microphone positions
must be evaluated against the dlreetlvlty of the source. In this case, an
adequate cumber 0£ mLcraphona poaltions must be used to characterlaa the
sound field.

5.i,4 Operational Mode or Cycle

• 5.1._.l General

In general, products have a range of operating modes. The sound level
of these devices at any instant In time often depends dramatically on the
operational mode being measured. An operational mode consists of:

The operating condition (e.g._ rinse cycle in the ease of a dish or
clothes washer, or engine end vehicle speed in the case of a motor
vehicle)

• The load {o,g., type of food matter and water flow in the case of a
garbage disposal, or vehicle weight (actual load) and acceleration
(inert/el load) in the case of a motor vehicle).
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: 5.1.4.2 Choosin_ the _Toda of _nerat_on

The choice of operatin_ mode(s) for measurement is directly re]ated to
the purpose of tile measurement. The hay to deciding upon the mode or modee
of operation that should be specified for measurement purposes binges on
knowledge of how the device is normally operated and ho_qthe sound from its
operation affects people. From thls information one can determine the
sItnlflcnnce relative to the purpose of the procedure of each of the
possible nodes of operation to the noise associated t,lth the device, The
operating mode(s) with the greatest significance should _,echosen for the
measurement procedure. The measurement procedure should also include a
description of the precise procedure for obtaining the operational modes.

Tide would Include the manner of.applJcatlon of the load to the source
under test,

5.1.4.3 Cyclic alHodes

Devices such as dishwashers and clothes washers operate according to a
prescribed cycle and the sound levels generated vary depending on the
particular portion of the cycle (e.g., rinse operations, water filling
operation, etc.) as well as the type of load in the dishwasher or clothes
washer. For some measurement purposes, a use study may be needed to define
the operating model including parameters such asz

The length of the various portions of the operation cycle
The normal load
The sound omission generated during each portion of the total
cycle

l_Jththis information, it can be decided whether the sound omission during
one or more specific portions of an operating cycle should be measured or
whether the avorape over a complmte cperatln_ cycle is approprlata. The
decision depends on the sound and use characteristics of the devices as
l,ellas the purpose of the meaaurement proceduee, "'

5.2 ReneataF_llt_

In developJnp a measurement procedure,s working group has to consider
the uncertainty with respect to how well the results represent the desired
measured quantity. The uncertainty of the proceduro dependd upon its
precision or repontabl]ity (var_abillty of successive independent
measurements following thls procedure) and its accuracy (deviation from the
true value characterlstlc of such measurements).

The ropeatohillty of a test procedure may depend, to a groat extentp
on the variability _nherent in the configuration, installation, and
operation of the eoueco.
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'In the development of tiletest procedure, considerations should be
_iven to tilerepeata_illty obtained under the following multiple test
nltlmtlons ns appropriate:

' Yests run.sequentially on the •same device
Tests run on the name device at different times {e.E., different
times of the day, different days, or different months)
Tests run on the same device at a different but presumably
equlva_ent slte
Tests run on the same device by a ddfferent operator
Tests run on the sane device using a different observer

An estimate of the accuracy of the procedure nan he obtained by
measuring the device usJng a different procedure, but one whose objective
is to neasure the same descriptor. For example, a survey type procedure
for measuring the sound power level of s source _ay be compared with the
Measurement of the sound power level of the sane source using the
reverberation room procedure.

_en the resulting sound descriptor is used to compare the performance
of s product wlth the requirements of a regulation or wlth the performance
of a competitive product, and if the repeatability of the measurement
procedure Is low D difficulties In enforcements Ineoultles in trade_ and
excessive costs may be incurred. When used for product development_ lay

repeatsbillty may inhibit or delay the development process.

Permlssl.blevariation in the measurement procedure Is a function of
its sensitivity to varlatlohs dn test parameters and the degree of control
ma_ntalned over those parameters. Therefore_ a satisfactory degree of
repastablllty can only be ol,taJned by adequate specification of the
eonflguratlonj InstallatJont and operation of the source as _ii as the
acoustical elements involvcd. Published data, k_owledge of experts and new
experlnental test data should be used as a basis for establlsh_eg the
expected repeata_lllty. It is essential that the procedure be designed to
yield results sufficiently repeatable to meet the renuirenenCs implicit in

• the purpose{s) of the measurement,

5.3 Simpl_ctty/Conplexlty

A measurement procedure should be as slmple as possible provided that
the accuracy and repeatahll_ty Tequlrements can be met. If the test is
tntendsd for use by persons who have limited training or if test cost
becomes a constraint! s_npliclty nay become a Buldlng factor In the design
of the procedure.

g_eral factors which should be considered include:
• Availablltty and/mr cost of the requlred test facility and

instrumentation
Time required by the test procedure both for preparation of the
source and set up and calibration 0£ the Instrumentatlon emd for
conducting the measurement
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For tests conducted outdoors_ the number of days per year and hours
per day of acceptable environments], conditions available to the
potential users of the'oroeudurn

• Number of persons required to conduct th_ tests
Tratnln_ and relnttve skill level requ£remcnts for personnel
¢onducttnR tile teat.

i
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Section 6

HEAFUR.F_.[ENTSAND DATA REDUCTION

This section dtacusee_ the factors to be considered during the test
relaEed to measurements end during or after the test related to data
reduction,

6.1 Heasurement

Considerations of the sound descr/ptors to be obtained from the
measurements were dtscuseed in Section 3 end the tnstru_cotation

epeclflcstlonep tolerances and calibration were discussed in Section 4.
Additional details to consider in designing the specific procedure to
follow dur£ng the test include the followln s items.

6.1.i Preliminary.Observations and,Measurements

Appropriate observations and measurements should be made to ascertain
that the test envlronmentp source configuration end installation (including

microphone placement), and source operating modes are as specified in
Sectlena _ and 5. This may involve a complicated qualification teat, such
as for a reverberation room. If so, the exact procedure shquld be
specified,

The procedure should also specify methods for determining ambient
sound level and special precautions appropriate to determining the
existence of conditions which might lead to erroneous data; (e.g.,
conditions such as ground loops, hum pickup, wind gusts, and
electromagnetic and other interferences),

6.1.2 Required Observations and Replications

The procedure should state the minimum number of observations or test
runs necessary to obtain the required confidence level or statistical
accuracy as determined during preparation of the procedure (ace Section
5.2). The value of the minimum number of observations will depend on the
¢tme varying characteristics of the signal and the influence of other
random test variables (e.g., changes _n environmental conditions) that
cannot be controlled within limits which will not affect the magnitude of
the elgnal. Additional factors are:

• The averaging time for each sound level measured to obtain the
confidence level desired
The 0rdsr in which the data era to be taken, if significant
Measurement of those environmental factors that wlll be used as the
basis £or applying corrections to the raw data
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6.1,3 RsctJrd Keopln_

At the tlms the test is performed, all pertinent information,
ob_1orv_Ltlonsand data obtained should be recorded. These will be the basis

for the test report described in ,_ectlon7o

6.2 Data Reduction

The recommendations of Section 4 for instrument calibration and use

also apply to the instrumentation system used _or data reduction in the
laboratory after the test. In addition, the laboratory data reduction may
include procedures for corrections of many typeap including instrument
system responsep presence of background noise, normalization of
environmental conditions end deviations from specified test conditions.
Whenever corrections ere contemplated, an explicit procedure should be
defined. Further items should be specified, such as:

The procedure for calculating the desired sound descriptor.
Requirements for averaging the data and obtaining statistical
information (such as standard deviation and confidence criteria)
calculated in a prescribed manner.
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Section 7

TEST RFPORT

The tent report is intended Lo document the me_utemrnt of so_md
erlil_lun, pro_ent_n_ tile results and conclusions together wlth the relevar_t
supportlng data. Theme data are included to show _lhetherthe test compll,,l
wlth the specified measurement procedure (for Inetrumentation, environment,
source operation, measurement conditions, data reduction, etc.), and to
provide a basis for Judging the validity of the test results and
conclusions,

The following items, plus any other pertinent tables, photographs,
drawings, etc. should he considered for the requirements for the test
report.

7.1 General Information

The general information required in the test report should be
specified and may include appropriate items such as the following:

Date and place of test, client, and equipment user (if different
than cllent)

• Citation of the measurem_t procedure or standard(e) used

Summary _f the test objective, results, and conclusions
Statement of who authorized the test. and why, and any contractual
obligations, guarantees or stipulated agreements between the
parties concerned
Deacrlptfon 0£ any unavoldable deviations from the prescrlbed test
procedures

_' Estimation of the magmltude of the effects of such deviations on
the reported results

7,2 Descriptinn of the Sound Source

The description of the sound source should be speclfled after
i: consideration of factors such as the following:

Identification of the sound source(s) by _nufacturnr, model and

!i serial number
Statement of the physical size of the equipment

Description of the equipment set-up, including any optional parts
and attachments

List of auxiliary and other equipment in the vicinity of the sound
source, including existing acoustical treatment
Specification of the operating conditions for the sound source
including such variables an input wattage/horsepower, volume flow
rates, operating pressures and temperatures, rotation rate,
aeceleration_ and any other factors as appropriate

• Description of how the equipment was mounted and tdentiftcatian of
any isolation mount(s) used
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7.3,..AcousticalEnvironment

The test report should reqtlire a st;ltem_nt tn vl,,'lry r_l;It the test was
conducted in the required acoustical _nvienm_lentcon:;ld_.Jl,gsuch factors
ae _ha following:

? Definition of the acoustlcal environment in whlcb thr tent w_s
conducted, including any _rocedures used to calibrate or validate

the environment for the test (with results), and a description of
the use of any special techniques or equipment to modify the
environment_ such as rotating diffusers

Location of the sound source within the test environment giving the
ectual dimensions, includlng the location and description of other
equipment that could influence the measurement(s)
Stetement of the nature and levels of any background noise, end a
list of any auxiliary equipment in operation durin_ the teat
Statement of atmospheric pressure, temperature, relative humidity,
wind speed and direction when relevant
Statement of physical end copographlcal description of test site an
required

7.4 Ineerumenteeinn

The following factors should be considered in specifying the
instruments,lee used for the test report.

, Idantlflcntlon of the specific instrumentation used. List the
type, make, model, serial number, date of last calibration, and
whore calibration was performed. Traceability of calibration
devices to primary standards should be stated where required.
Verify that the complete instrumentation system meets the test
requlrements for accuracy, frequency response and dynamic range.

• Identification of the acouetlc calibrator and the level and

frequency of the signal generated for the acoustic eallb#atlon.
Statement of the dynamic response characteristic (e.g., slow/fast)
of the sound level meter. Ifa different type of instrument is

used, the averaging or Integrntlon time for the readout device
should be given.

• Statement of the bandwidth end also the weighting network of the

data acquisition and/or reduc_inn system used. Variable settings
on the Inscrumentatlon system which could have an influence on the
data should he noted (such an gain setting on a measuring
amplifier_ voltage and writing speed settings on recorders, etc.)

?._ Acoustical Dat_,,,to be Recorded and Reported

The followln 8 items should be considered in specifying the data to he
reported in the tent gaport:

' * %denttfication of loeatinn and 'orientation of all mfcrophona
loeattonn
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• ,Statement of the measured sound pressure levels. Record whether
these levels are linear, weiphted, averaged, integrated or band
levels us specified in the test procedure, In addition, sound
pressure levels aversFed on an ener_ or time basis shall he shown,
if required. The data shall be given for each microphone location.
Statement of background sound pressure levels at key microphone
locations

Statement of correction factors used (such as those based on

background noise, temperature, barometric pressure, etc.) to obtain
"true" sound pressure levels for each microphone location.
Corrected and calculated levels should be clearly separated from
the measured raw data.

• Indication, when required, of time averages or time intervals
during which measurements were ta_ma"

Calculations 6f derived unite or descriptors (e._. sound power
level, average sound level, psrdeived noise level, etc.) from sound

! pressure level measurement
• Calculations of mann and standard deviation determined from sound

pressure levels when measurements are repeated under nominaZly
identical conditions

• Names of personnel who performed and observed the measurements
'" . Directivity mf sound source, if approprlate

7,6 S_ecial Considerations

The teat report specification should also include a description of any
special procedures used to convert the experimental data to some other
physlcal quantity (e.g., converting voltage readings to sound pressure
level readimRs); and the procedure used to calculate any derived unit, or
to estimate statistical macrrtainty of the measurements.
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Section 8

SIIPPLEMFNTAL ]NF_IIIHATIf':;

8,1 Introduction

The purpose of this section is to provide guidelines lu_ documentation

of the background information supporting tiledevelopment of a procedure fol
the measurement of source sound emlssion, In the past many procedures _rc
published _ith minimum, end in some cases, no explanation of their
rationale. Rowever, documentation of the rationale, issues and data
involved in the development of a measurement procedure may be critical to
Its potential use at some future date for purposes other than its orlginuJ
intended use. It will be helpful also in facllltating the review and
approval of the procedure, and have utility to regulatory agencies who
might desire to use it. Further, it will be useful in understanding the
differences among different procedures for purposes which may appear
e/miler and for comparison of national and international procedures.

In determining the supplemental documentation for a particular
measurement procedure, all the elements identified in this section should
be considered, but only those applicable to the specific procedure under
development should be Included. To obtain maximum utilization,

documentation of the background information should be widely availabls. In
this regard, working groups are encouraged to publish in the open technlc.l
literature the background and basis for the measurement procedure. ?'his
encouragement is not intended to hinder the timely dsvelopment of
standards, sad the lack of thls_background information should mot dr,lay
adoption of new standards. However, when possible, publication of materlsl
such as that discussed 2, the following should he accomplished wh,Jn

publishable materiel relevant te potential users exists.

8.2 Rationale for the Requirements of the Sound Measurement Proced,,_-

For any given source there is a range of possible alternatives that
may be specified for _he measurement and description of its sound emission
characteristics. In preparing a particular procedure, declslons are made
as to which one of the alternatives is most appropriate, taking into
account the purpose(s) of the document. The principal alternatives
considered should be described and the rationale given for selecting the
chosen one as well as for discarding the others. Some o_ these decisions
will be major determlnanta _n the formulation of the particular noise
measurement and should be documented _ detail. Others may be of minor
importance, and this should be rnflected in the rationale statement, The
rationale statement does not have to be highly detailed or lengthy, but

should bo infnrmative as to the general considerations relative to the
ehotcaa. Typical choices to be e_rplainmd include:



8.2.1 Sound Descriptor

Reasons for the selection of the particular descriptor speclfied and
its relationship to human response and e_pscted exposure (e.8.,
compatlbillty _ith descriptors for other sources); sultabillty for further
assessment (community impact, engineering modifications, etc.) (See also
section 3.4 and Appendix A2)

8.2.2 Source Opera.tinsand Installatlon

Reasons for choice of specified operating parameters and positioning
of the source; for exnmplep relationship to human exposure, operator_
others closely associated wlth the operation, general community, and
enuntln8 conditions (See also Section 5.1 and Appendix A2.)

8.2.3 Test Environment

Reasons for choice of controlled laboratory environment,
ssminontrolled outdoor environment, or in-sltu environment depending on
source operatlng.requlrements and the purpose of the measurement_ tolerable
dsvlntlons, coats (gee also Sections 3.11 4 and 4.3.)

8.2.4 Instrupantatinn Rs_ulremants

Reasons for choice of accuracy type snd sophlstlcatlon of
instrumentation system epeclfled for acoustical and other measurements;
calibration and checking of system performsnce specified (See also
Sections 4 and 4,I,)

8.2.5 Dg_a Ae.qutB_tinn and Reduction

Reasons for choice of number and placement of microphones; number of

tests required; method of data reduction specified - all related to the
: stated purpose of the procedure (Sac also Sections 3.1 and 6.)

i ' 8.2.6 Compatibility With Other Standards

•Discussion of existing standards, national and international, if any_
dealing _1t_h the same or 'similar sources| rntinnsie for differennns_ and
compromises made in the interests of harmonization and international
commerce. (Sea also Section 3.3)

8,3 Explnnatlan of Compromises

Before'a measurement procedure is publinhed_ choices generally have.
been mads _et_Qen contending alternatives, and eonflicttn S viewpoints have

?
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bugn received. It |K pn_._Iblf, th.qt Jt |l_l!;bceI_ necessary to cnmpromlsP in
snlnesraa:;. ._|nee t|ii_imrol_Pms re_olv_d hy ct_nlproni_re_y eel }hiVe gener_]

s_pllcabillty for all purpoF;es, or u,un or the _;tandnrd, _t is ,arts7 to
provide a statement of any major issues hlvolved together wlch the opp(Jslng
positions and the bases for the flnnl reRolutlons.

Examples of soma of the areas that r_lybe addressed Jocltlde:

8.3.1 Simplinlty of Measurenent/Instrumentatlon

The choice 6etwee_ a type i or type 2 sound level meter exemplifies a
choice between a high precision, but less available and more expensive
instrument and a more readily available, lass costly, but less precise
pdeee af equipment. The choice between a Type 1 sound level meter or
integrating sound level meter and a Type 1 instrumentation system with an

on-line eamputer exemplifies the choice between tuo degrees af
sapblstlcatlon and the possibility of using a more complex descriptor for
greater cost m beth wlth the same normal degree of precision.

8.3.2 Cost .- Time Requirements

Cost and tlma difference between the number and duration of tests and

number of samples rsqulred for hlgh statistical confidence versus that

required for reasonable reproducJbllity

8.3.3 Site Availability

Physical availability of desired facilities which r_y nat comply _ith
all deslrad conditions, for example goographlcal and seasonal conditions

8.3.4 Personnel Requirements - Traintn_

Avalleb_llty of technically/professlonally qualified personnel,

related ta purpose Of test; lead time - costs of training

8.3.5 Source Operatln_ Requirements

Necessity for auxiliary, equipment, mounting systems, services for

source oparatlon; relative nobility of source; stationary measurements o_

mobile sources; duration of tests; costs

" 8.3.6 A.ccurecy

.qtntameot of the accuracy implications resulting from the compromiseA
for other farters

$
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8.4 Determination of Heasurement Uncertainty

g'_"] 99Pr__Sc_

A.quantltatlve discussion should be given t_herepossible Of the
uncertalnty introduced by those factors that have been considered to
slgnlflcantly affect the sound generation and radiation of the source.
Particular attention should be given to those factors which are peeullnr to
the source or class ef sources addressed by the measurement procedure. The
discussion should present any experimental results which indlcete the
expected sensitivity of the source emission with fluctuations of the
parameter in quostinn. If theoretical methods were used to assess
uncertainty, the formulation of the theoretical model should be presented
along wlth the assumptions used an its development. If empirical data have
been used to assess uncertainty or to provide information on deciding which
parameters may influence the source, references to these data should be
_ivee.

Examples of those factors whlch may be included in the cons_deratinn
of the uncertainties attributable to the source are:

8.4.1.1 Environmental Factors

This category would include both site and meterologlcal factors. For
example, the measurement of sound level from a moving machine while it is
in contact wlth a ground surface may he significantly influenced by the
characteristics of the surface. Similarly, the measured sound level from
an aerodynamlc noise source may he influenced by the density of the
surrounding atmosphere.

8.4.1.2 Operational Factors

This category would include those uncartalnties arising from yarlatinn
I in operating parameters _f the source. These factors may include

parameters such as machlneloadlng, motor speed, throttle position,
[ kinematic conditions of velocity and acceleration of movingmnchlnes, etc.

_ 8.4.1.3 Physical Condltlon.

!: This category w_uld encompass any factors which might create
uncertainty due to variation in the physical condition of the source. As
examples, this category might consider break-in condition of a machine,
mechins temperature_ state Of tuna for internal combustion engines, belt
tension for belt driven manhlnae, etc.

s;4.2

A qunntltatlvs discussion should be included, when possible| of the
uneertnlntlos introduced by those factors whinh were considered in rsgard



to the prnpag;itlon of sound [rnm tilesource to the mlcrophones. ]n many

measurement sltuations, the _J_ntc-of-the-art is not sufficleutly developed
to allow quantitative assessment of the uncertalnt_es attributable to

environmental factors. In the absence of such quantification, bounds may

have to be set on envlronmental conditions based on published emph'ie_d

data, available conceptual models, or data taken during the course of the
development of the teat procedure. Any such information used in

determining environmental bounds for =he purpose o[ reducing measurement

uncertainty due to sound propagation should be presented or references
given.

%%w prfmary examples o f factors which may significantly effect the

uncettninty due to propagation are:

8.4.2.1 Atmospheric effects

This category would include the uncertainty due to effects such as

temperature _radients, wind velocity and gradient, atmospherlc turbulence,

atmospheric sound absorption, etc.

8.4.2.2 Site Effects

This category would include both the overall specification of the site

and those conditions whlch may vary from test-to-test. As examples of
overall specifications, dt may be required to specify surface impedance,

surface flatness and elope for machines tested on a ground plane. Further

it may be necessary to specify in detail the character_stlcs of a

reverber@tlon room_ or an anechoic or semi-anechoic chamber. As examples
of varying test edte conditions, it may be requlred to specify dry,

dlrt-free surfaces for measurement over a reflecting plane, or allowable

positions of observers, temporary obstacles, etc.

8.4.3 Heaaurement System

A quantitatlve discussion should he given where possible of the

uneertalntlee involved with the detection, processing, and ultimate

presentation of the measured value. This dlscussion should include both
the uncertainties of the physlcal measurement of sound pressure level at

specific locations and the uncertainty of relating such measurements to the

quantity which directly relates to the purpose of the measurement. As an
example of this latter point, it may be desired to measure the maximum

sound level emitted by a source under a particular operating condition,
l!owever, the eoutce may he highly dlrect_onal and hence one or more
microphone positions may mot actually measure the maximum but rather

approxlmate it. Or if it is desired to determine the sound pouer emitted
by euch a source, the power level determined in a semi-anechoic space can
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.... dnly'npp_oximat_"thn'artusl e_itted pov,er, The discussion.of, these,
uncertainties should include reference to applicable instrumentation
standards for determination of uncertalntles'and present any appropriate
results obtained in the development of the measurement procedure such as
source dlrectivlty.

Hers specifically, it may be necessary to consider in the discussion
o5 measurement uncertainty lectors such as the following:

8.4.3.1 Number of,Hlcrophones

For example, the uncertainty due to using a limited number of

microphones instoad of a continuum or very large array of microphones

8.4.3.2 Lgcation o,£Hicrophonss

For example, the uncertainty due to locating a microphone in a gives
position or positions in a rsverberatlun room in the determination of sound
power

8.4.3.3 Orientation of Hisrophones

For example, the uncertainty due to the dtrscttvity response of a
microphone for a source which is tested by passby methods, or _,hen more
than one prnpagation path exists between source and receiver

8.4.3.4 Instrumsntatlon Type

Thls may include a discussion of the uncertainties introduced by using
one class of instrumentation as opposed to another, or introduced by the

, cumulative effect of several instruments used in series each of which

Individually satisfy s class standard,

8.&.3.5 Frequency and Tolerance of CalJbrstlca

This may include s dlecusalon,of the uncertainty _ntrodueed by the
speclflcat|on of one merited of calibration an opposed to another. Fu_Lhvr,
the uncertainty _nvslved with the allowed t_me lapse between calibrations
(both absolute and relot_ve to o csllbrstor) may be _neluded,

8.5 Supnortlnf Data

t/hen possible, relevant data used in the development of a sound
measurement procedure should be available for review, £xsmplss of data
which may be included in s supporting data report are=

Data used to determine expected accuracy o£ the measurements
i • Data used to determine sample size, or number of tent runs

. Data base for determination of the numbnr of microphones epnsifiad
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]nfclrmntlon _n the support_n_ data report Js not limited to acoustic
performance data. _epend_n_ on the speciflc sound test it may Jnclude:

Test product msPe, model, sJze, type of power unit etc.
Neterolo_ieal conditions
Site condlt_ons

There ars several options for publlcatJon of the supportln_ data
information. Included, are:

Publication as a part of the supplemental information report
As a professional paper or other publically available publication,
and _iven as a reference in the supplemental information report.

If subsequent reports eontalnln£ supportlng data and analysis related
to the development of the sound measurement procedures are published, the
reference sectlon,of the supplemental information report should be revised

to include these reports. A routine rev_ew/revlslon cycle for supplemental
information reports may be appropriate for some s_und emission procedures.

8.6 Overall Assessment of Measurement Procedure

The writers of a sound emJsslon measurement procedure are In a unique
situation t/Ith respect to their |mowled_e of its _ajor strengths sod
weakmesses. They have taken part Jn the evaluation of data and the
formulation and resolution of problems and they should know _¢hiehparts of
the code are based on well-accepted scientific or engineering |mowledge,
and _leh parts are less l_ellestablished. These aspects should he
included in the supplemental report, In some cases the test procedure may
be the first procedure developed for a particular measurement purpose and _
may be subject to considerable revision after a period of trial and study.
l.%en this is the case it should be clearly stated so that users less
familiar with its development are nware of its potential change.
Additionally| of partleulnr _nterest would be the recommendations of the
writers _for future improvements in the method, and _dentlficntlon o_ areas
in which feed-bach data are required for future revisions.
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APPENDIX A2

CUiD_J.INF.S FOR D]_CRIPTOR_ RELATEDTO IIU_N RESPONSE

A2-I Introduction

The primary objective of a procedure for the measurement of sound
emission of stationery and moving sources Js to quantify the sound emission
cltaracteristics of tim source of interest. This requires the Identification
of the relevant physical acoustical parameters. _en the purpose of
the measureJaent le to annene the effects of noise on people, these data,
in turnt must be related to measures of human response.

A2-2 Definition of s Sound DeeeKiptor

To specify che human response to sound, measurements should be
relatable to currently available Information on the effects of noise on
people, "A round descriptor for human response is c numbdr which can be
used to relate sound emlecion data tc physiological or behavioral effects
of noise. A sound descriptor may be measured dtrectlyp as ie generally
done with an A-weighted sound level; or may be derived from other measurements,
as is time ease with perceived noise level or loudness level which are generally
calcuJatedfrom spectral data.

A2-3.Conalderacione Regarding Test Procedures

_,e specification of the appropriate test procedure depends upon
i the nature of the sound, the receiver, and the response of interest.

These are described below:

ii A2-3.1 Nature of the Sound

}r The fundamental acoustical parameters of interest are:
y,

(1) amplitude of the sound
(2) silt!cirri eimractcri_tiru;

(3) temporal characteristics
(4) mtn(ler certain condltlo.s, directional characteristics

Descriptors tony be classified as sc.._alcd or composite. The former
(e.l:, A-m*l_ilted sound level, loudness level and perceived noise level) are
hu_tt,d entirely upun acoustical meaeurnlnents, The latter (e.g. composite
iio|_;t* raileR, iiolsu exposure forecast) are derived free scaled descriptors
wht,u _tldiL|Oll_t| iuformation, stroll as tile number of events or the time of
d.tv, itl evail|_blu,
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A2-3,2 Mature of Receiver

The sound descriptor nhouid 5e relevant to the receiver of [ntureet
s.ch as the operator, passenger, bystander, and/or neighbor, Measurements
should be Obtained so that the acoustical data can be transformed for the
appropriate receiver location. In some cases the directivlty of the sound
source may need to be considered.

A2-3.3 Human Responses of Interest

Current scientific data regarding human response to noise are
sufficient to warrant consideration of: (1) hearing loss, (2) speech
interference; (3) avereiveness/annoyasee; (4) sleep interference; and (5)
signal detectability and audibility, quantitative noise-effect relationships
have sot been sufficiently well established for other effects such as
stress-related physiological effects or task performance effects. As new
scientific evidence becomes available, the guidelines should be extended
to these and other human response effects:

A2-4 Des.erlptorm and,Buena Responses

Table A2-1 shows the types of sound level measurements commonly
used to predict the effects of sound on people.

_r _ _t_',
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TABLE A2-1

DESCRIPTORS POE THE EFFECTS OF 50[_D ON PEOPLE

Effect Simple Descriptor Complex Descriptor

i. gearing loss A-weighted sound level I CHABA 3 band level
and duratlon 2 criteria and duratlor,

Equivalent continuous

sound level (Leq)

2. Speech interference A-welghted sound level I Speech interference
and duration level I

Equlvalent continuous sound Articulation index 1

level (Leq)

3. Averslveness A-welghted sound level I Loudnessl, loudness

(Annoyance) and duratlon 2 level, Perceived

Equivalent continuous sound noise level (PNL),

level (Leq) Effective PNL (EPNI,),
Day-nlght average sound level Tone-corrected EPNL

: '(Ldn) for cumulative noises for aircraft eertlfl-
cationl, Noise expostlrs
forecast (NEF) for

community response to
aircraft noise

4. Sleep interference A-weighted sound level 1 Temporal structure it:
and duration relevant but quantita-

tive relations not

established

_ 5. Signal detection 1/3 octave band spec-

trum and duration

"_ IAmerican Natlonal Standard available (S3 series)

2A simple descriptor whlch combines A-weighted sound level and duration is
sound exposure level (Le). It is generally measured wlth an integrating sound
level meter.

:' 3Commlttee on Hearing and Bioneoustlcs, National Academy of Sciences, National
Research Council.

Experience hne shown that mnny advantages accrue to the use of the simple

f descriptor. Its broad _ppltcabiltty to the four principal effects helps to

i accure its utility in the frequent situations where future applications arenot fully knotcn. Even in eases where the more complex descriptor is
warrantedp inclusion of the meaaurement and reportln 8 of the values of the !

elmple descriptor chould be eonsldered as well.
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