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Abatruct

A review 1o glven of the mesourement needs attendnant te regulation of
the neise generoted and emitted by commerceinl products. The emphasis is
primarily on meanurement procedures for use in conjunction with point-of-pale
regulations as opposed to regulationn on the noloe which a source setunlly
emlts when in operntion. The report i divided inte three major parts,  Part
I 1o o dlocunocion of oversall measurement requiremento and the type of dnta
ond informution whieh are needed in order to promulgate regulutions basced on
appropriote measurcment techniquen. Poart 11 o designed ns o cheeklist for
the evaluntion of the puitabllity of a noloe mensurement standard for o
purticutnr elasy of products or, in Lhe aboence of o sulitable pstundard, as o
rramevork for development of one, The intent 1o to fdentify and diseuna in
pone detall thooe factors which enn imprnet on the accuracy, precision, and
opplicability of o nolse measurement process, Part ITT consints of o peries
of flow charto depleting the development of appropriate procedures for the
meanurement. of product nolse emisafon.

Key Hords: Acounstledj enviroenmentnl pollutionj muchinery and equipmenti
noinse; nodise abutement and contrelj nolse eminsiong regulation;
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PART 1 OVERALL REQUIREMEN'TS
1. Lutroduetion

This report is the repult of a projeet inltiated, in Moy 1972, by
the Nationul Bureuu of Standards at the request of the Offlce of Nolge
Abatement and Control, U, G, Environmental Protection Ageney, 1n
anticipution of the eventunl putisage of leglulaticn authorizing the
Environmental Protection Agency to promulgate noipe emlscion standurds
and loabeling requiremcnts.

The intent of thoe project wan to develop a vworking document te be
utilized by the Envirotmentul Protection Agency, or its designnted
agentn, in the development of neasuremnent methodologien for noiue
emisnion or lubeling stundords. The questions that need ta be addresaed
during the development of such methodologlen are prescented here with
thedr appropriste technieal buekup,  The specific divections of effort
and emphnoiy were developed in regponne to!

- Dlocuunions with Environmentul Frotection Apency
Personnel

~ Meetdngu with tprade assoclatlons

= Mectings with stundards organizations

= Literature review

= Conpultatlons with acoustical experta

= Legnl requirements of the lloine Control Act of 1912,

A listing of the mectings with other orgnnizntions, fneluddng the individuni
participants snd the compunien or agencles they represented nt the meetingn, in
glven in Appendix A.

The genernl atrategy of thio report fa depicted in Figure 1.

the Nolse Control Act of 1972, Publie Iaw 92-57%, which wuu nigned into
law on Oetoher 27, 1972, requires or authorizes the Adminlotrator of the
Fnvironmental Protection Ageney to control the emlasion from nelue sources thut
conntitute a potentinl threat to the public health and welfare no g to provide
Ieople with an environment, which in free from noise that Jeopardizes thelr
health snd welfare. 'Ihig polley will require netlons for which appraoprinte
supparting measurcnent methodology munt be developed. The actions are
summarized 1n Appendix B for the benelit of those readers who are not familinre
¥ith the Act. The criterin documentn and major noine gource identificntion
reportf developed in responue to Gee, 5 of the Nolwe Control Act of 1972 ure
the loglenl ntorting pointn for the development and souensment of the neceosnry
measurement methodology,

Flgure 1 ahown that one needn to colleet dite regarding product
clansification, product Hange, product noise productlion, and the reagultant
affecty of the nolse on people.  These dnta are to be uned 1 deternining the

e et et ety
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EPA Docuinents

Additional Data
Sources

Tratle Associutions
Consumer Groups
Govurnment Agencics
Profussional
Organizotions
Consultants

/

» Criteria
Levuls
Major
Sources
1 Y
Raviow All Existing
Information 1o
Establish
4
QOperating
Effccts Charuocteristics
who - Speed
- How Lond
Duty Cycle

1

!

Solect Most
Suitabie
Memsurament
Scale {n.g., A
tevel, perceived

notse lavel, eic.)

Develop Simple,
flepentable and
Reproducibla
Test Conditions
{e.g., acceluration,
cruise, idle, ete.}

Figure 1.
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flelation to

Environmuont
Cutdoors
Indoors
Moving
Stationary

a

Establish
Appropriate
Measurement
Environment

{e.9., cutdoon,
anechole chamber,
reverbacation room,
ate,)

Y

|

Additional Factors

- Exlsting Measurement Standards

- Existing Rating Schemes
Existing Knowledge

- Avaitability of Test Facilities

Avabltability of Skilts

- Avallability of Instrumentation

- Cost of Measuremnenta

of Public Law 92<574:

t

Devalop Memurament
Standaml

Development of measurcment methodology needed for dmplementation
Secetdonn 6, B, 15, 17 and 18.
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ucoustienl quuntlty to be rated, the scheme Lo be used for o nolse rating
methodology which adequately correlates with humnn response, and, finally, the
measurement standard to be used in conJunction with the emission standord or
olther regulation, liote that the word "standard" ig customarily used with two
very different meanings. An emiuslon standard is o legol permiaosible limit,
for example, on nolue emission. A measurement stundard is o preseribed
procedure for conducting o measurement ln such a wuy no to obtain rellable,
reproducible repsults with o specifiled level of nccuracy.

Conceptunlly, there are three aeparnte items which go into the nolse
emission regulation, whether it be n nolste eminsion standard, o labeling
requivement, or the procedure for certifying low-nolne-emission products. (1)
There should be a measurement stoandard which preseribens the test environment,
opernting proceduren, and ncousticul measurement methodology. (2) "There should
be & vcheme, or algorithm, by which the acousticnl data can be uned to obtain o
nolue rating which reluten to human response. (3) There should be o level, or
et of leveldy, which sepurate the noive rating Inte cutegoriceos of purlormitnce
or neceptobility. PFor example, a noine emisslon standard could gel n aipgle
upper limit on Ulhe nolse rating -~ productn excecding that ruting could not be
nold., Alternntively, it could sect an upper limit whilch varlied wlith some
operating paramster such as aopeed; the noloe rating vould not excceed thnt curve
at any volue of the operatlng parameter. A labellng requirement might
entablinh several clusses {e.g., A, B, C, und I}) into one of which the noloe

rating would fall,

Once a regulation hns been promulgated, a reasonable and equitable
enforcement progrum 1o o necensity; for without enfercement, the regulation lo
meaninglesn. ‘The importance of highly repentnble, accurate mennurementn should
be quite clear in the enforcement aren. To ntand up in court, a measurement
munt he proved to be reliable, of accuracy pufficlent for the purpose, and
nppropriately related to the adverne Impeet of the nolse on people, In
additlon, a memnsurement nonurance program in highly desirable to ennure that
the determination of a product'n nolne rating will be lndependent of the
organization performing the measurements =- EPA, manufacturers, independent
tent laboratorien. Unlese minimum requirements are placed on Instrumentntilon,
calltration, teat facilitien and pernonnel conducting teotn, no asnpurance will
exiat that o product actunlly conformn to the regulation.

feetion 2 of this report providen an overview of the mennurcient

mathodelogy developinent procens while fectlon 3 in concerned with the role of
measnrement in relation to regulations. Ensulpg wsectionn develop in detnil the
conceptn depleted 4n Flgure 1, It nhould be emphaiized that the flow of action
is not as slmple and unldirectional an indicated In Figure 1. Rarely, 1f over,
would 1t be posnible to progrenn dircetly from the input data to the rating
Acheme ond measurcment standard oand then to the regulation without connlderable
retraeing,  In the interent of oimplicity, the many feedbnck loopt hnve been

omittead,
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2. Measurement Methedology  Development == Overview

A pequence of netivities must be completed In nsoigning o meaningful
nolse rating to a product, An overview of the steps Involved in this procons
is presented below =— o more detniled treatment appears In the nueceeding
veetiong off Part I.

21, Product Clonsification

The vaot number of available products which mipght be regulated precluden
hnndling coch on an individual buools == Lhis would censtitute an endleuny task.
llowever, cutegories of products mny be pubdivided into product clasces baned on
criticul purnmeters associnted with nolse. The peope and effectivenesa of the
regulatory tank will largely be determined by the degree of succeon nchieved in
deviving useful product clussificationo.

22, Noermnl Uee Conditiuna

Dipcunniono with organizations concerning product noiuve have invarliably
denit with the requirement to conslder o device under reslistic use conditions.
By fgnoring the environnental snd operating characteriatien it might be ecauler
to develop ptandardized mensurement techniques but 1t then becomen nlmoat
imponnible to relate the nolse output to impuct on people. If ihe noine Impact
in not determined, the resson for making the measurement and the vnlidity of

nny roting ure quentionable.

2.3,  Identification of Major “Effectn” Parametem

The characterioticn of noine wonoclinted with the major phyniologienl,
psychologlenl nnd sociologlenl e¢ffectn and the renultent impnet form the bnads
of the criterion measure to be ultimately employed by the Buviropmental
Protection Agency {along with conslderntionn of technicnl snd economice
fensibility). Among those feantures usunlly defined are "loudness” (or
nolsdnenn) nnd annoyance., ‘the ddoruption of tasks such an speech communication
{n another major conusefquence of noine often noted.

24,  Physicol Mcesnurementa CGorrelated with Major Eftects

When the major puromstern asnoclated with effectn and population Impnct
huve been ldentified and their phynical correlaten determined, a meanlingful
tent meothodelogy can be developed. Measurens of nound level, npeetral
charncteristicen nnd temporal vardatlon form the bnnis for thense quantitative

descriptiona,

P A i A $ o B




A 3 THY DYAY 1533

3

I

3. Relationship of Measurensent to Regulitions

J.1. Role of Memuminent

Jood menpurements ure enpential to research nnd development wctivitles,
orten solutions to problems cannot be lmplemented because of the luck of
relevant data, Under these eircwnotances, an appropriate dntn boge must be
developed, This often culln for improved mensures to develop caontrol
techniques end/or to determine their effectiveness, In addition, generally
accepted and standardized tent methodn aggume an important role so that datn
acquired at different times or places can be compared nnd related meeningiully.

Holoe mesourements need to be conducted under Loth laboratory and fleld
conditionn to mect the dudnl obJectives of selentifle acecurncy und relevance to
renl-une conditions, ‘'The primary goul 1s to muke vulid and relilable
measurements puch that the nctiopu taken on the basis of n measurcment oure only
negliplbly affected by the errors in the measurenent.

The primary questions arce:
o Whnt needs to be measured?
o ¥Whnt 1o now meaourcd?
o llow in it now mewpured?
o Whnt are the currenl requlrements concerning mensurement
uncertainty? (Appendiz € containg o discusoion of

uncertuinty of measurcment).

o What are Urmltotionn of prensent {nstruments and
methodology?

It the snowern to these questions remdt in poor or inndequste data,
another question must then be answered:

o Hhat research oand development need to be accompliohed
to make the required mennurements?

4.2 Mepsurement Requicements for Regulntion
The ansepupent of noipe problems ond of alternative strategle:

for nofee abatement and control muat ultimntely redt on nccurate,
roiiable, nnd relevant measurement capability required tod

o sscertain the effectn of n glven noine exposure (whnt
exposure will produce how much hearing damage? )

o entabhlish trends (i the savernge noite exposure of the
populace incremsing nud are more people belng exposed?)

i
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o #ssoelate sources with environmental noise levels (how much of
urban noise comes rrom trucks?  from planes?  from alr
conditloners?)

o promote cquity in trade (ore manufacturers Leing treated
equnlly in voluntury or mandatory necice emlasion
standardu programs? )

provide adequate informntion to the consumer (which of
peveral products Is really the guiletest and are the
noice level dd frerences ameng products significant?)

=}

o perinit selection off cost-effective volutions {what
degree of nolse reduction ahould be attained and at
what coot?)

o menitor the effectivencss of control programs (ip the
noloe level actunlly responding to hew control
proceduren? )

o provide the fuctunl {measurcment) baslo for legnl action
should that prove neccsoury. (In o particulnr notoc
pource in vielution? To stand up in court, a meavurc-
ment muat Le proved to have an uncertoainty which is
suffleiently pmall for the purpouc. )

4.3, Mewsuremrent Uncertainty  Gonsiderations in Eatnllinhing
Regulntory Noire  Limita

How cun effective nolse regulatlon be carrled out in ouch o wuy
an to minimize interference with such Liportant values as individunl
freadom of cholee, dynamlie operntion of the murketplace, and progresn
in the development and wiec of new nclence and technology?

here are three neodo attendnnt to the problem of the abatement of
excenn noipe:  {irat, un agency to cxocute the overall poliey net by the
leginlative proeesa; accond, o mechanism to determine allownble levels
of nolpe; and third, o means of enforceing the determined requiremento.
Mennurcment in o key clement In defining "nllownble leveln of noine” and
"enforeing the determined requirements "

More generally, measuremente nre ententinl to ef'fective communica-
tlona In tranam{tting the complex informution required for nodne nbnte-
ment and control.  fhe renultn of messurementn are data which are the
basea for Judgementn ns to acceptnbility of productn, viclationn of law,
nte,

The queation arloen ns to whether clope meanwrement tolerances =-
attainable by careful control of environment, operating procedures, aml

6
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meosurament procedura -~ are Juptified in view of the uncertainties In the
application of the resultant nofse rating to predlet in-service nolse levels
and the repultant effectn., Flrut, the totul error ILn prediction involves the
Bum of the errore in measurcment ond rating, in predicting in-service levels
and in predicting the reaultent effects. Reduelng the rating error thus
reduces the total error; however, i1t would be economicully wasteful to insiot
upon high levela of accuracy und preclolion for rating mensurements 1t the
erroxre in predictding ln~nervice levels and resultant effects nre relatively
groas end A1fficult to contrel, OSecond, application errors and, to nome
extent, effect-prediction e¢rvors tend to be avernped out from one npplication
to another; nyuatemntic errors wure repetitive, Third, when noloe rotings are
uned to compare the perfopmance of o product to the requirements of o
regulation or to the performuance of o competitive product, if the ratings are
in erpror, difficulties in enforeement, incquitien in trade, and exceanlve costs
muy be incurred. Careful evanluation of measurement uncertainties is required
{for ansurance that they are nelther too omnll nor too large in relntion to the
purpooe for which the meapurements are made,

Ihe petting of the enforcement level relntive to the legnl limit, for
teot results to be butied on some smmple of the product, depends to u large
extent on the meanurement uncertainty, the varlabllity of the product, and the
degired leveln of risks in nceepting non-contorming unitn and rejecting
conforming unity (e.g., vee [1]). In general, for regulations to be effective
wid rensonable, mensurement uncertaintico should be no pmall ws practlicable.
If, for example, the legal limit {n BO db and the peasurement uncertodnty o 45
ab, procodures will be needed for interpreting o nolose level clowe to the legnl
1imit nuch nn 03 dB or 77 Ab. The existence of n violatlon con be sustained
more effectively when the noloe level 1o above the legal limit by an amount
greater than the measurement uncertalnty, and the public 1 better asoured of
conforming productn if the noine level iu below the legal limdt by o oimilarly
convincing amount, The difficulty io compounded by the need for unilormity of
enforcement, 1,e., consintent menourementn by different officials. The largest
uncertainty likely for meapurements by the lenpt competent officlal, uveing the
moat inaccurate or imprecise equipment nllownble, under the least fuvornble
tent conditionn, must be consldercd in the process of netting the enforcement
mit, IC thio measwrement uncertninty {o large, the enforcement ngency's
problems are increased, I the enforcement leyvel 1o set above the legal 1limit,
i1t appenrs that the ageney in not enforelng the denired noiluse abatement. If
the enforcement level {n set below the legnl limit, manulacturers incur
inecrenned complinnce coatn,

Mensurament uncertnintles ohould alno be held as mmall ao practicenl for
trade equity. For example, if products sre graded A, B, C, D in terms of noise
emiaslon, the attainable mesnurement errors ohould be consdderably mmnller than
the ateps between the mlddle of adjacent graden. Otherwise, producta could be
incorrectly lubeled, resulting in unfalr competitive situntionn. Simllarly, of
iwo competing products with ldenticnl noluoe emiaslon, one could be banned from
aale while the other would he allowed to be sold -- both belng Lenbed sguinot
the game emlandon sntendard,




Cost of complinnce with emicoion stundards, or of meeting u certnin
labeling grade, can be inerecased sipgnificantly due to measurement uncertualn-
tico. Ap producto usre quicted more und moere, the inerementual cost of
quiieting typleally ipercouses, Thug, for cxumple, 1f due to mesgurcment
uncertaintien, it were necesonry te quiet a product by 10 decibels to be
certuin that 1t 1o ot least 5 declbels quieter, the cout-to-quiet muy be
neveral times greater than {f the meansurcment uncertalnty were, ooy, 1

decibel.
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4. Informational Requirements for Setting Noise  Regulations

Product Classification Seheme

Congsumer products ore classified into categories which relate to
dfferencen in the design, ohope, octyle or quality of simllar producto.
Clannificatlon nchemen are bused on power, cuapnelty, welght, ete.

Questionn concerning product clussification systems to be used for
nolne ratingn inelude:

#» Docu o clusoificetion oystem exiut within o given
induntry regurdlesn of whether or not it in appro-
priate for noise mecasurcment?

¢ Doco the existing clusolificoation syntem lend ditoelfl to
neceptance an 4 categorization with noloe ns the
item of concern rother than welight, power, cte?

¢ Ty the level of clogsitiention detnil sufficient for the
meauurement methodology to be universally applied?

In genernl, oatisfuactory clanoiflcationy do exlut for mont preoducts.
Au an exnmple, punps can be cloaonilfied:

¢ by capuacity -~ 10 to a million gullons per minute.

e by application -~ induntrisl, commercial, ngricultural,
municipal, domestic.

& by the materinly that they nre capsble of hondling =~
vater, nulphur, asollde, plurry, liquld metal.

@ by premsuro range -~ high, medium, low, vacuum,

by denign == turbine, sxinl flow, centrlifugel, rotary,
reciprocating.

by anlient fenturcy -- aubmersible, nelf-priming,
proportioning, non-clogging, mewsuring.

® by the material wied ~~ stainlens nteel, plantic, bronze.

All of tha above clbaniflication nchemen nre valld for speedfic applich-
tiona; however, none of them has noloe wo it primsvy banis,

The fact that pumpn can be subdivided into o myrind of elmnnificatlonu
should be conuidersd with caution nince nome productn are not po readily
¢laspified. For dnatance, the constructlon induntry has no classiflcation
achema for 1ta producta., As o Clrot otep in developing sueh n ncheme, the
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Conutructlion Industry Manufucturers Assoclotion nsked {ts members Lo

define thelr concept of that plece of construction equipment known as o
raller/compactor. The answers identified approximately fifty different

devices ranglng in weight from hundreds of pounds to several hundred-thousands
of poundu. The list represented aseclf«-propelled, towed, and even hand-controlled

machinen.

fotor vehiclea offer wnother cxample. Sinee nll motor vehiclen do not
have the same noine generntion charecteristies, the category “motor vehiclen"
muot ve further subdivided. According to functional charancteristles, the next
level of detall would break Into trucks, cnrns, buses and over-the-roud
reerentional vehieles, Utilizing gross vehlele welght an a further subdivipion
ot this level of clasonification, the Society of Automotive Engineers, Inc.
established {to noise standards for motor vehicles (highway)}. One standard
exiots for paspenger carn and light trucko (vehlcles of 6000 pounao or less)
und apother applics to heavy trucks and buses. No specific standards now exist
for over=the-road recereationnl vehicles. Thus o passenger car could welgh more
than 6000 pounds and theoretically would be conoldered a truck from a nolne
regulntion otandpoint. Licenning in not the final anower uince the
diatinctionn between trucks and poosienger carg for llcenning purposes are
nometimey quite subtle. For instance, o four-wheel drive vehlele 1o licensed
in the state of Maryland ao o truck unless it hou o rear seat for carrying
pausengers; then Lt in licenved us a car.  Such an arbitrary system could
penalize a glven vehlele due to an optional feature which has no beardng upon
the vehicle noluse generation.

Iven after the clapuification vcheme 18 determined, all problems are
not solved. A tractor-traller combinution iu consldered no u truck by most
people. However, to the industry it in comprised of two independent partu
dendgned and fabriented by different manufacturers «- the tractor and the
trallers  The eventunl noine level produced by the combinntion depemds on
a third party -=- the tleet or Individuanl ovner -- who motchen tractor Lo
trailer and determines which tiren nre mounted on ench (tires usually
control nolse eminslon at modernte~to~high upecds for well-malntaiped
vehielen equlpped with adequate muffling osystems). Since tractor-traller
"trucks" are not sold as such in commerce, the Federnl regulation of
thede might have to be via product nolne eminsion ntandards (Sec. 6 of
Public Law 92-5Th) for the products (tractor, tireu) which are sold neparately
plus motor carrder noine emlunion standards (Sec. 18 of Public Law 092-57h}
for the overall vellcle.

Dovicen could alpo he clannified by the nolse they produce veraus
such conpdlderntionn #a the nerviece they perform {bunes contranted to auto~
mobilen), their loecation {urban versun remote or rurnl), and their effcetn
{how many people are nffected and in what way?), For cxemple, farm
machinery could be pleced in o separate clansification since the loeation
1ms usually rurnl and the only people impacted are the farmers themnelvesn,
In this came the mont cconomicul noine contrel nolution might be an
encloned ¢ab which would protect the operator of the machine,

10
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- It should be ovident that produet elusslfication ip not the vimple
nattor that it may have ncemed ot firot glance. Much thought munt be
given to the relevance of cxipting uystems and the development of new
gchem:a’ whers clasaificntion docos not now cxist. With the high

aosts associated with Inntrumentation, faecilities, and the trained
manpover to make the measuremento, once would hope that appropriate clugul-
fication achemes can be developed so thut a sepurate and distinet
mescuremant methodology would not be necessary for ench product.

11
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5. Informational Requirements for Setting Noise Regulations

Operating Procedures and Environment

"Seatter" typicully is observed in test dota. With the advent of
governnent nolse regulations, it becomen Inerceucingly imperotive to
determine the sourcen of varloability in test reoults, Existing test
procedures showld be revised sand new procuedurces developed to be less
sehoitive to deviece operation snd test site conditions.

Tent procedures should represent typlesl aperating modes -~ that
in, relevant either to community or operator noloe exposure to the
device under teot.

5.0, Typiead Usage Datn

In general, products have n ruange of poonible operational modes wlth
the nolue emlsuion characterdiotics dependent on how they operate. The
key to deelding wpon the mode or medes of operatlon of n device that should
be opecifled for nolve test purpones hinges on the knowledge of how the
deviece 1o "normally" operated. In order to determine "normsl operation,'
o unage survey phould be cotiducted. . The results of one puch nurvey[2]
in the outboard motor fdeld are vhown in Table 1.

t

AMthough the data are limited, 1t 1o Interecsting to note the very
low percentoge of time that plespure bonts run ot wide open throttle
{maximum noise position). Thin example in not atypicul. 1n the ense of
railrond locomotives, for Instance, over 30 percent of the time the
yvehdele in nt idle. Thene cxumples substantinte the fact that usunlly it
wvill fot be aulflclent to make mesourementn only during that operation
which producen meximum nolse pince most devices ure not so operated for
long periocdn of time. In nddition, people cun be annoyed, or hnve their
conversationn Interfered with, ot noluse levels much lower then the
maxd mum,

5.2, Effert on Nobse Levels

There are o great many nolne wourcen and nolue environmento to
which people are exposed. The nolne emdsnion from a given machine dn
n specific location in dependent not only on the nound radiating
chnracterdnticn of the machine Itnell but alwo upon the type of mounting,
the manner 1n which the machine 1o operated, snd Ity environment. In
netting noise limltn f'or puch devices through regulations, the meaoure-
ment. syntem should include opeelficntion of nuch ftemn au operating
conditionn and environment ~~ both lpstallation and wenther,

n., Operation

Attentlon miat be glven to the operational procedure utilized
for a glven tent since the nejue produced dependn heavily on the woy o

e e A o B A e



Table 1, Ouwtlourd YMotor Ficld Uange

Study

PERCENTAGI TTR:

TH BACH STPERD BANGEH

s

1000 | 1500 | 2000 | 2500 | 3000 Loog 4000
1500 | 2000 | 2500 | 3000 | 3500 500 5500
Outbanrd Doat Houras

129 np Runabout. 16.12 12 3 5 6 1 | 16 1
100 1D Hunaboutl 11.56 20 T 3 ;) 7 11 2
100 HP Runabout L8.9) 1h I 2 1 I 33 5 0
55 0P {TWIN) Cruiner 2L, 30 19 15 5 2 2 i 8 0 .
50 P Htunabout 1h.oh 19 5 1n 5 10 10 5 11 ]
S0 0P (1WIn) Crulser 13,56 12 11 5 5 12 o 2 1 1
ho e (TwIn) HRunabout 1h bk 13 1z T 3 13 19 H] 5 "
9 1/2up Fiohing Boat | 21.%6 13 10 G 6 9 8 15 5 "
9 1feup finhing Bont | 1h.20 11 T 9 3 4 5 an 5 h
9 1/8up Flohing boat | 10.204 11 2] 19 11 a5 15 3 o *
9 1/2 Hp Fishing Dont | 10.16 11 9 k h 9 o 19 o .

PouLthonrd motor wnn not net to run in thin

opeoed rutge at wide open throttle.
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picee of equipment is operated. Two devicens might generate comparable
noive levels when operanted in a certnin mode yet might preduce quite
different nolse levels when aperated In another mode.

L. Environment

The term environment, un used here, means the apgregate of nll
caiternal conditions wnd influences ntfecting the nolse levely of o
glven devlee, wherever the nensurcenents are made.

Alrborne sound from an oubtdoor source travels Irom the gsource to the
recedver through an ntmoaphere that io constantly in motion. ‘Turbulence,
tempernture und wind gradients, ond reflectlons from the earth's purfnee all
affect 1he meapured data. Essentiunlly there are two distinet effectn correu=-
ponding to: (1} external factors (usunlly utmospherle) which affect the scund
pressupe level ot a particular point and (2) external factors which affect the

necuracy of itn mesnurcment,

One alpo must be conecerned with the environment indoors. Room
volume , the nound absorption of the walls, Tloor and ceiling, and
the locntion of both the nolte source and recelver munt be carclully
eyaluated. For lnstance, a oound level very near a nolny machine
may not be affected Ly vound-~abuorbing materinls on the wallyp, lHow-
ever, nuch materlnlp will affect the pound level mensurcd Corther from

the machine.

Thenc nre Just o few of the Tactors that should be connidered.
In many cnnes, thene are factors over which the lnvestlgator may have

little or no control.

c. Inntallation

Another important Cactor affecting the nolbe level anpocloted
with a device is the munner in which it Lo inntalled.

For example, the remultant nolpe level for a food-whute disposer
in dependent on (1) the effectivencan of the vibration inolntion of
the disponer from the sink, (2) the damplng ¢haracterinticn of the
pink itnolf, (3) whether the connections between the dlaposer and
the drain pipe are flexible or riglid, {h} the effectivenssn of the
clonure of the mouth of the disponer and (%} whether the grinding

chamber nnd motor are encloaed,

Inatalloation 4in Likewlne crucial when one connlders wsny type
of component nolae, for axample, motors or enginen. Returning to
the hontipg Lndustry, every cnglne ond drive unit, whether 1t {5 out-
bontd, stern deive, or inboard, will crente o different noloe
algnaturm, depending on the bout to which it in coupled. FEach bont will
respond in o different mapner, and the overall heoat noine can change
with Aifferent londs and operating conditionn.

1h
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When pessurencnts are made to determine compliance with upplicable
acoustic objectiven, opecificaticns or stundards, the device nhould be
inotalied in o manner pimilar to that in o typlcal customer's facility, It
thot fo practicul.

15
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6. Informational Requirements for Setting Noine  Regulations

Effects of Noise on People

Sinee noine repulutions ore deslened 4o limlt the exposure of pelne on
people, 1t io neeessury to determine who is affected, with what impuet, by o
purticular product und how these effects are manifested.  These foctors are
largely governed by the product and the way that 1t io normnlly used.

6.1, [artien Affected

The relotionship between the operating enviromnent and the determinatlon
ap to who 1o affected by o plven noloe becomen evident when producto are
closcified in terms of thelr mobility (or in terms of people'n mobility
relative to the sources), For exumple, tranoportation vehicles have o far
different impuct on o community than o hiome sir-conditioning unit. An
exploration of these different typen of nolne sources will gserve to illustrate
thelr general effecto.

4. Operator

The operating proceduren anvoclsated with o product will {ndicate how an
operstor interacty with a product -- what he does and where he io ponftioned.
These data provide the context for determining the effecto of nolne on o glven
operator. The operntor necd not be the peroeon exposed to the mont ftievere nolse
cffectns. In foct, in wvome Inastances, n product 1o deaigned to protect him from

the noise,

b. Paunenger

When the meny transportation vehielew in operation which are designed for
more than one perton arc considered, 1t becomon evident that belng o pansenger
is very common., The nolne exposure experienced by n pastenger can be quite
diff'esrent from that of the operater snd thercefore merits independent
examlination,

. lNeighbor

Another wvoclul role ias thot of o nelghbor, who maintoaing a fixed end
rather permonent relationship to o noisce source. {(An air conditioning unit may
e posltioned o an to produce minlmum noipe disturbance to owners, but may be
dieturbing to neighvors.)

d. DNyustander

For the threc previous classen of people affected by nolne {operntor,
pantenger, and nelghbord, 4t may be anticiputed that the duration of exposure
ia uounlly connfderable. However, in many nituations the nolse ecxponsure 1p of
relatively short duration for an Indlvidunl but n larger number of people arc
impaeted, The nolpe nource mny move through o community {a vehicle airen) or
many people mey walk pnst o ntatlonary vource {a conotretion nite),

16
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6.2 Nuture of Effects

Traditionnlly, the erfects of nolse have been studled in terms of three
mojor appronclico, cach one identified with s methed of measurement -~
physiologicul chungen (both temporary and permanent), poychological attributes
such an annoyance and, {innlly, tanok interference.

n., learing Lonn

The moot vevere und damuging effect of nolse exposure is permunent looa
of henring, Exposure to nolse of nufficient intensity for long periodn of time
can produce temporary or permancent cffects on the ability to hear. In oome
instoncens, excenvive noise expoource lendn to the deotruction of the primary
nuditory receptorus ~- the halr cello in the ear. Changes in henring
experienced by the person suffering hearing impnirment include distortions of
the eclarity nnd quality of voupndn ap well ag loopes In the ability to detect
und underatand pgound, These changens can range from olight {impalrment to severe
deafneny,

b, ‘Task Interference

The effect of noloc on the performance of deslired netlivities has recelved
considernble rescoarch attention. Tne mont unegquivocal rinding haos been that
noise can verlously impair opeeeh eommunicatlon, The performance of other
complex taokn ip also made difficult by noipe, but 1t hao been difficult to
ndequately define the levelsn of noine nceeptability (or unncceptability) or to
develop an ndequate measure of tnok difficulty.

¢. Annoynnce

Many components asnocinted with the disturbing characteristics of nolusc
have hean suboumed under the term of annoyance. An Internntional Orgeanization
for ftandardization atudy group defined apnoyance nn "that general quantity
that emerges from the varioun noclologicenl surveys that concern themselven with
dinturbance of vorioun kindn nround intenne nmoine sourcen like alrerart."[3]
Annoyance can result from sleep dioturbance, Iinterferecnce with radio and TV
1intening, as well an many other nubtle immedlate and long term noclologiend,
peychologicnl and physiologleal reactienn. Ite definition nnd meapurement have
posed n major problem for repearchers for many years.

17
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7. Quantitative Deseription of Noise

A vinble method of wasigning noise ratings for products depends
primarily on:

. The identifricntion of thoue nupects of nolse which are of concern
in & particular cituation.

b. A well-defined procedure Loy quantifying noloe emisaion,

c. ‘Ihe ability to relute the results of meswsurement to human
regponne.,

7.1, Idemification of Major Parametem

The moot important decinion to be made in any mensurement proceas in
the determinaticen of whal to measure. In noine abatement and control, there
10 not general agreement as to what quontities should be measured ==
primarily becuune of inadequate data reluating the impuct of noine Lo the
exposure which produced that lmponet.

a. [Delationship to Effeets

The attempt to associute particular characterintics of nounds with
effecto on people have had mixed results, Some clenr-cut findipgo hnve been
made =~ notably those denling with intennlty, speech interference nnd nome
aapecta of annoyance (high frequencien, pure tone componentn). lHowever,
other effceta often clted are lens tonglble although they mlght be
Important. Interruption of nctivities such uo sleep, work and recreation
are often cauned by noloen which are unpredletable, or of ahort duratlion and
need not be intenne == yet might conntitute mujor problems for the
individual from a poycholeglenl and phynlcal henlth atandpoint. For
exeaple, o person who {a awskencd regularly from sleep nightly by dintsnt
train whiotlen or alrcrafl overflightn might he exponed to only moderate
noise levels for a totnl of lewsn than one minute durlpg that time and ptill
have a major nolse problem. Nolpe effectn therefore cannot rendlly he
treated findependently of the typleal opernting situation -~ includipg who 1s
axposed, activitien being performed and, finally, identifying the major
conaequencen of the nolve.

b, Envirenment/Use Conditions

Other effectn which cannot he readlly denlt with in o rating scheme,
but nonethelesasn are often cited, concern enviropmentnl factors and wno
copditlonn, For example, the low~frequency noisc from trainu penetrnten
great dintances uwnder particulnr wenther conditlena, thercby af'fecting o
largn number of people usunlly not bothered by thia sound. Motoreyclen and
other vehicles are often operated in a manner that inereasen noise output
rather then minimlzes ft. Theone are annoylng both Bbecnuae of the noine
Intensity nnd the feeling that bystanders have that the noine s "louder"
than 1a necennnry.

18
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20 Memsurenment Parnmetens

If hintory in o valid predictor of the future, there will be consider-
able dispgreement ng to particular rating schemes which should Le uoced to
deseribe the nofoe vmission of produets in terms which will appropriately
predict human responne to noloe. The lmportunt measurement parameters for
rating vchemens ure nolse level, opectral quality, and temporal variatlion.

u. Sound Level

There 1o general agreement that, for n given spectrum shape and o given
temporal variation, annoyance, heuring looo, task Interfercnce, eto.,
incrense monotonicnally with incresuving nound level., The difficulties and
dlsagreements arine relative to the variontion of noluse level with {requency
{{.e., the opecbrum shape} and with time.

h. USpectrsl Quallty

Although there sre many schemen for predieting lowdncesn, nolsinesn,
snnoynnce, and e forth from the shape of a noise spectrum, it {s perhuaps
fortunute that only a4 limlted number of these have been glven official
statua by regulatory agenclen or stoendards bodicu,

Helative to the common welghting networks used in sound level meters,
it 18 renponubly well entabliohed that the A~welghted sound level (L}
praedicets most humen responne much better thun the D-welghted (Ls) or C-
welghted (LC) pound level. Dewelghted sound level (LD) hnu bcch adoptoed
apecifically for aircraft noise. Both Stevenn' and Zwicker's methodo for
computiing loudnenn have been ptandardized, although significant
modificationn have Lieen proposed by Stevens that are not reflected In the
otendardized version. Kryter's Percelved Nolve Level (I J) enjoyn offlcial
atatus through 4ts une in enlculating Effective Percelved Holne Level “'TWH
for Federal aireraft ceprtification (and han alao been standardized by JAH
and ANNI). 'The Adr~Conditioning and Refrigeration Institute has a nound
rating procedurc nomewhat similar to ITH' All of theae quantitics are uoed
to predict annoyance due to noiue.

The Articulation Index (AI) hng been standardized up o predietar of the
extent to which nteady noioe interferen with ppeceh communication (Lor male
ppeakers only). Owlng to the complexity of the Articulation Index, several
verslonn of [peecch Interference Level (GIL), bmued on the average of 3 or &
octAave band leveln, have been proposed.

e. Temporal Variation

Faor tranalent nolne eventn, there in need for o mennn to apsslgn an
overnll nolse rating to an cvent which Includen approprinte conniderstion of
the extent to which duration nffects human responve.  The Hotlonnd Acendeny
of Sclencen-Hationnl Renenrch Council Committee on learing, Dloacouwstlen,




;
A
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and Biomechunles (CUABA} proposed a hearing damage-riok criterlon for
impulve noise {gunfire) which specifically includen mensurcs of the duration
of' the prespure wave. DBoth the L. and the single event nolne expopurc
level {Dopyn) inelude corrections Lo secount for durstion. The
Environmentil Protection Agency hano recommended the A-~welghtoed aversge sound
level (L) und the duy-night level (I..l } an general descriptors of
environm‘n‘ﬂtnl nolac, on
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.  Copsensus Procedures [or Measarement  Stondards
and Rating  Schees

i, laput from Al Affected Partien

In writing measurement standards nand establishing rating ochemes, 1t 1o
importunt to consider the contributions te standardo-writing of all the
af'fected groups, Firat, the voeluntary stundards bodles {for cammple, the
American Hationnl Standnrds Institute, Americun Soclety for Testing and
Materioals) establish general standard test methods which reflect the mont
knowledgeoable engineering and sclentific practice, The trade aspocintions,
representing the monufacturera, must inplement test methodo, and therefore
in addition to technleal input evalunte practicality, in termoc of availalbile
fucilitiec, personnel, training, cte., in ndopting or developing test
methods for thelr purposes. Trude nvsoclations, however, are limited in the
wnount ond kinds of information that can be chunneled through them. HMuch of
the information Lhe Lnvirenmentul Protection Agency will need to ehsure thuat
mandutory ostandards are rengonnble, technologically fensible and
ceconomienlly worthwhile will be osupplied by industry and be of o
confldential and proprictory nature. Conuvequently, it will be neccaonry for
the nvirenmentnl Protection Agency to communicnte with individusl
manufncturers as well ng with trade nspoclationn. Regulatory agencices,
aeting on behalf of, und with input from, the consumer, set legal levelo for
ench clanis of product, levels which must Le technically and cconomicunlly
reanonnble for the affected industry. Obviously, to eonsider ouly n ningle
element from thin chain and ignore the contributions of the others, will
markedly decrenne the effectivencuon of the standard or rating ucheme.

8.2, Imeenmtiony] Trade

Jeveral years ago the concept of otandardization in Weotern Burope
wndervent, chnnges that posed o nerioun threat to Unlted Stnteo-Huropean
trade, Thene chungen were the result of o projected "harmonizution' program
to eliminate intra-Kuropenn technleal non-tariff trnde barriers cauned Ly
differences in product ntandards. It was clesr that upon completion of the
"harmonization" program, international trade within Wentern Europe would be
virtually barrier-free and trade Into Wentern Europe almont impoanible[ W],

To maintoain U, 3. viability in European trade, the United Stotes
delegation to the "Kﬁnncdy round" of trade negotlatlons bas enlled for n new
sehems called the Generol Agreement for Tariffa and Teade (GAYT). Thin
ngrecment hnn ddentificd over 800 non-tarift trade barricrs in exintence
today. In February 1971, o new stoge of the GATL nob-tariff barrier work
vagn hegun., Hather than face the overwhelming tank of solving the whole
program of non~tariff trade barriers, 1t won declded to concentrate on o few
=~ af which product atandards in one arca. Standardn were chosen for
nttention hoth beenune of thelr growing importunce and Lecnune it appenred
that progrenn might be encournged more rendily in this nrea thoan in gome of
the others[5]. A draft code on product standardn wea written and in Moy
1975, vwna accepted no a basdn for negotlatlen[G). A more thorough
discunnion of thin code 1o given in Appendix L.
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9, Fovironmental Protection Ageney Promulgation of Regulations

9.1, Speeinl Bequirements

Thin seetion highlights o feow features to be considered in conjunction
with the regulntions (see Sectlon 1) to be 1gsued by the Envirenmental
Protection Agency. Pertinent sections of the Nofue Control Act of 1972 arc
reproduced in Appendix DB,

n. Product Noloe Emisslon Standards
Thio report directly addrevsen product noise cmission standurda.
L. Labeling

A menningful label on o noise-producing product {or noise control
product) is dependent upon the exintence of an wppropriste, relinbie, and
repeatable measure of the noise level that {s reasonably well-ticd to
subjective responoe to the noioe. Whether the menoure 18 a sound pover
rating, o weighted oound level nt pome distance from the device, or a net of
octuve band sound presoure level dota, the problem is the converusion of thin
technleal scountic datn fnte a labeling system which will be undeprptood by the
publie and will provide the appropriaste amount and type of information for the
non-technicnl nudience 1t is intended to reach.

Bunicully there are two typen of audiences «~= the general public consumer
and the buninens or induntrial consumer. In general, the public will want o
Inbel that 14 simple and eapy to understund to permit a comparinon to be mnde
between the noloe expected from one device no opponcd to snother. The noine
label then serves an o eriterieon, olong with perforpance charncterinticn,
aeathetic quality, unfety fentures, cont, ete., which the conpumer evalustes,
Hould ha be willlng to puy, for example, $2.00 more for n blender that doct
not annoy him or interfere with his listening to hins hi=f1 pyotem during the
blender'n operation? On the other hand, the buoiness and industriel community
will need additionnl information =~ either from the label 1toelf or from
npplication muterind developed te accompnny the label. For instence, it in
not enough to know that you have purchaned a "quiet" machine, because 1f thin
machine 1n improperly ploced you still could have a noiuse problem. An exemple
of this would be the bullding contractor who purchanen the aquletest anlr
conitioning unitn availeble nnd then inatalln them 4n o loentlon under a
bedreon window or next te a patio. Even though the uwoit might be quict, many
complaninta would he made due to loas of sleep or the deprived une of the patio
due to snnoying or apeech-interfering noioe, fThe ladel, or supplementary
materisl, should provide the purchmter with enough information no that he han
the requirements of thopse nolse ordloances which affect him, be they occupn-
tionnl nafety end health regulationn or nound level restrlcetions at property

lineu,
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Product labels can toke varlous forma. Appendix E contning o discussion
of some of the alternative methodos which deserve conslideration ng posasible
nofoe lnbels, It ghould be noted that it was the general concensus of the
advisory and Induntry groups which reviewed the initial draft of this report
that nolse labels should provide quantltative information ns to the productt's
nelse emicuion.

¢. low=loige~Emlipnion Product Certification P'rocedures

To be ellgible for certifiention us low=noluoe~cmlsoicn productu, the
meagurement methodology and rating ocheme should be establiched firot. The
majJor tosk in to deelde what further noise reduction 1n necessary for u
product to be certified and whether or not there could be several gradec of
certification with wonociuted procurement conto, If peveral grades ore
eptablished, the problems become very analopous to thope dincuased above
relative to labellng. However, 1n an industry composcd of mueny omnll Cirmo,
with little researeh and development eapability, the economle cout of
noountical meauurements may be a oignificant factor.

9.2, Technical, Econmmic, and Administrntive Feasibility un It Kelotes to Meannrement

Failr and effeetive noise regulntiono munt be technienlly, cconomically,
md admindotratively feanible vnd rensenable. Generally, people connider
technical feasibllity only dn termu of the technology avallnble to qulet o
product adequately, the cconomical feunibility only In terms of the cost to do
oy, and, if they think of it at nll, administrative Cennibillity in termn of
enforcement of the regqulationn, ilowever, the meanurement methodology munt
alro be feanible and reasonnbic. The selentific and techniconl knowledge,
approprinte test facilities, nnd sultable inotrumentation must be nvaillable to
carry out nolue meanurementn of sndequute nccurncy and precivion at o practicul
coat, The measurement and rating methodology and the tenting and quallty
control procedures snhould be suitable for rensonable monitoring by an agent of
the regulating body,

Thene factorn phould relate to the charncterinticn of the purticular
indvatry, in aelecting the monturement methodology for une in regulating o
particular class of product. For exmmple, the air conditioning induntry has
voluntarily set up o nolse rating syotem based on one~third cetave band aound
pover leveln mensured in a reverberation chamber ~- menourements which require
expennive teot facilitlen, complex instrumentation, and technicnlly
nophinticated personnel,

23, Compatibility with Othee Begululions and Needs

In promulgation of Federal noine emisoion regulatlionn, care should be
taken to pelect mensurement methodology, rating achemen, labellng practicen,
ete., which complement, to the grentest extent practicadble, other regulationa
and nerds.  For exemplet
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o iven if labeling requirements enll for o single-number (or
letter, or coler) ratlng scheme, 1t might be approprinte
for labels on Industriol machinery to inelude octave=-bord
data no the purchaser cnn select and design to meet Occupu~
ticnnl Sufety and Heolth Administratlon (QSHA) repulotions.
(While current OSHA repulatlons of occuputionnl noinc vxpo-
ure are cxpreasped 1n terms of A-welghted levels, spectral
information is olten needed for enginecring destegn purpesed. )

o Similarly, since maony local zoning ordinancen nre written in
terms of octave band sound presoure levels ut the property line,
it might be approprinte for the nolse labels on cutdeor cquip-
ment to provide sufficlent dutu to permit prediction of
property-line octave-band sound levels.

o Federal product noise emlosion ptandurdo should, whercever
possible, utilize mensurcement metbodology which in equivalent
to, or camputlble with, satate and locnl operating regulations
vo a purchuser con determine the conditions under which he
will be able to opernte o deviee in o glven locoality.

Muny other cxnmples could be clited. The mnjeor point 18 to carcfully conslder
all probable uses of a clasy of products and then ptructure the meanurement

and rating methodology o as to provide as much Information as practical in o
Tform to meet the purchauser's manifold requirements.

2h
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10.  Recommended Operational Procedure for Generating Measurement
Methodologien for Specific Product Classes

he recommended procedure for the efficient and timely generation of
neasurement methodologics for upecifie product classen is depleted in Figure
2,

Once n upeelfic product clapn huas been identified ws u mojor noise
pource, the Enviremmentul Protection Agency, or ita deslgnated contractor,
would form & moull nd hoe tuck group to provide key input data for the needed
messurement methodology. ‘his group would include, ag o minimum,
repregentatives of the Environmental Protectlon Agency, Independent acoustlenl
congul tants, munutacturers and, where appropriate, users and repreoentatives
of other povernment agencies at the Federal, state and local level. Careful
selection of task group members wWould cnpure n broad spectrum of expertice
including: detoniled famllinpity with the product category, 1tu deslgn and
operntion; knowledge of quality control oand product tenting; cxpertise in
atouuticn; ond o familiarity with the regulstory process.

Following formulation of the tuuk group, meetings would be held to
determine the exlstence and relevance of datn bnosen and meapurement procedurcs
sppropriate to the specific product cluns in question., Three popsibilitier
exint: (1) # dota baue and/or measurement procedure exists and {o relevant,
(2} o date bane and/or meanurement procedure exiots tut is not relevant, and
(3) o datn bave and/or mensurement procedure doecn not exiot.

I the tank group determines thot the exioting menourement procedure and
attendant data base are relevant then the group would recommend to EPA that o
progeam bo conducted to valldate the dato base ac to {ts nccuracy snd
completenaat,

On the other hand, if the tank group determines thot date boseo and
meapurement proceduren either do not exist or nre not relevant then the group
vwould recommend to EPA that an extenalve investigative progrom be conducted to
evaluate nlternative mensurement procedures nnd to estnblish the needed data
hano. Such an Investigative program would include nystematie variation of
gource operating proeesdurcn, peource lomding, test pite characteristicn,
microphone locatlonn and ncountic meapurement procedurcs.

Follovwing compietion of the investigntive and/or validation programu, the
tusk group would recconvene and evalunte the resultpn, On the bnndn of thene
remults, they would prepure an outline for a draft menpurement methodology.
FPA, or itn deaignated contractor, would then prepare n draft measurement
methodology which would be circulated to all members of the tank group aad to
n number of affected puarticn lfor comment,

Once the draft methodology hnd been completed, Lhe tank group would
recommend to FPA a liut of nelected induntry represcntntiven who nhould be
anked to cuarry out mensurements in accordance with the draft ntandard. Not
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only would this validate the measurement methodology, but it would algo direct
attention to key problem arecas and obtain data in support of simplificd
measuremnent procedurca.

At the pame time, representatives from EPA, or lto designated contractor,
showld vivit a representative number of manufacturers or uvers of the major
nolse nource in quention to: (1) oboerve the uge of the druaft measurcment
nethodology, (2) to discuss uoe condltiono, opersting procedures, snd mesi-
urement procedurco, nnd (3) 1f neecctusary, to conduct nupplementul
meagsurements,

Dtilising information guined vin the above proceduren, a finul meaoure-
ment methodology, with pupporting documentation, would be prepured for cuach of
the candidate mnjJor nolpe gources. To the greatest extent feanible, the finnl
menpuremerit methodology should draw upon, and be consistent with, existing and
proposed voluntary measurcment otandardo.
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PART 1 CONTENTS OF MEASUREMENT STANDARDS

Part IT of this report encompnoses the subjecet mutter of measurement
ntandards for ude in conjunction with noige emisslon standards to be
promulgoated by the U, 9. Environmental Protection Ageney. Part IT iso
deaigned s o checkliot for the evuluntion af the gultability of o noiuve
reapurement vtandard for a particular elasa of producte or, in the aboence of
n pultable otandard, no n framevork for development of one., The Intent is to
identily and dlucups theoe Tactors which can lmpact on the nccuracy,
precipion, and applicnbility of noilse mennurements.

Purt II io structured similarly te o measurcement ptendard. Each of
geetionu 12 through 10 contalns informatlon relevant to o number of different
types of mensurement proceuet =- e.g¢., nesturencents of sound paver and gound
prenure; meaosurementn mode in anechole, nemf-anccheie, reverberant, and
nenl-reverberant npacen; meaourescento mode outdoors and Indoors; mespurementn
made under laboratory and in ultu conditiong; meapurementn of' averall
welghted gound level and of gound preopure levels Lo frequency bande; ete.
Obviounly, much of thio materlial will not be appropriate for any given
mensurement ptandard.

At the beginning of cuch geetion, the mujor fuctory to be mddrepsed are
outiined. The remainder of the sectlon presents technienl support material
necded to facilitate an approprinte cholece between alternative optionns.
Informatlon 1o glven na to the type and olze of errora which may result from
difforent soaslgnable enuncs.  These data are not intended to be comprehientive
or definitive, but merely illustrative.

Part II hun been wrltten with the ansumption that it will be uued by
people trained in the phynienl sciences. Accerdingly, baale concenta and
terms are uoed without definition or discusnion,.
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11, Purpose and  Applicability

Every meawtroment atandavd ahiowdd Dnoelude an fntvoduetion {dontdfying
(1) the growp that prepaved the otandard, () the pepicw proceag uved
for approval of the standard, and (3) a elear statement of the
nelationehip of the standard with other gtandards.

The geope of the meavurcment otandavd should be a eoncive abotract of
Lo contents and should clearly delineate what o and what Lo not
covered by the otandard.

The purpoase of the meaowrement o tandard ohould make elear the reacons
Sfor cotablishing the otandard.

Exioting vtandavdiased dofinitions should be wtilined; thone terme vital
to the meavirement ptandavd whieh have special technical meantng or ave
unique to a given induotry require definition.

ALl publications noted in the measueement gtandard ohould be lioted in
a suparate "fefercncea” section,

There ohould be a clear atatoment of the acoustical quantity to be
meaured, c.g., 00010 presoure or dound pover.

the range of applicability should be elearly atated in the megouranent:
atandard (i.¢., the typen of notoc aourcca (Mature and sine of nource)
and typen of notue (ateady and non-uteady; periodie, aperiodie, random)
Jor which it 1o applicable) and guidance should be provided ao to the
adeuraay and preotoion which can be obtained utilintng the otandard.

1.1 Introdduetion

Fvery measurement stoandard should inelude an Introduction or foreword
1dentifying the group that prepured the stondnrd, includlng erguanlzationn
officinlly repreascnted on that group, and an indlcation, explicitly or by
reference, of the review procens used for approvanl of the ntandard, Iff the
ostandard replacen, supplements, or complements one or more other ntandarda,

thut should be made cleonr.

1.2, Seope sl Purpone
Tha seope ol n stundard phould be o clear und coneine sbutract of itn
contentn., It should cleearly delineante whnt ig and what ip not covered by
the ntandard ~- for example, clunves of products te Yo included, typen of
nodnpe to he menpured, range of ncountic envirommentu, nnd so forth.

The purpone of the stnndard vhiould be briefly atated po as to make
cleor the malh reasons for eatablinhing the stundard.

fice alno acctionn 11.h and 11.%.
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1.3, Defivitionn and  Heferences

Neference should be mode to exiating Internntionally or nationally
recognized derinitlons where applicable. Unusual terms of mensurement,
abbreviationo, and aymbols used in the stonderd should also be defined. It
in recommended that the International System of Unitu (5I) be used
throughout the stundard and that cquivalent valuen expressed in custemary
Ue 8. unito aloo be Included when foflure to do so would interfere with
effective communicationn. In the cnoe of key quuntities, e.g., diastance
from the vource to u microphone, it may be desirable to glive the numericunl
value in the text in both SI apd U. S. customary units. For other
quantitien, it may be preferuble to refer to conversion factors in the
"Dcf%nitionu" section. For further guldapce, the reader is referred to
Il‘3 ".

All publications referrcd to throughout the standard should be listed
in & separate "NMeferences” wveetion, Each reference should be up-to-dute und
uhould include nll informution required for clear and unambiguous
identification of the refercnce. In referchcing other stondards, the full
1title of the document, its designation (mnd date of 1suoue, I this 1o not
part of the depignntion) and the name and address of the losulng
organization nhould be given., I a standard hino more then one officlal
designation {e.g., an American Society for Testing nnd Materinis stundard
which hano been adopted no sn American Nutional Stundurd), nll known
denignatlons nhould be ifncluded In the reference. It should be made quite
cleny whether the intention is to reference ondy n purtieular ioosue of o
atandard or whether, 1 n standerd which io referenced 1o later revined, the
lnteat revioion In intended. I reference io to purt of the dgcument only,
that part pshould he adequutely {dentificd no that in o later revinlon the
pertipnent material can be ldentified.

Throughout the text, the following abbrevinted refcrence forms muy be
unei:

Stundarde == the aame of the isouing organization and the dendg-
nation of the docunent (c.a.. American Nationnl Standard
11.13-1971)

Lavwn, coden, and ordinnncen ~~ title and number

Other publicatlions =~ thene may he nimply referenced by number, hy
author and yenr, footnoted, or the eomplete reflercnee given
in the text.

134, Acoustical Quantitien to b Mesoured

Under "Ocope and Purpone,” there should be o clear otntement of the
aeouatical quantity which 4o to be menpured == pound presouren at one or
more particular lecatlona, totel sound power, or nound power plus direct-
ivity. If n frequency-welghted quantity (e.g., A-welghted nound preppure or

®Elgures in brackets indlicate the literature references st the end of

Part II,
31
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pover level) 1s to be measured, thio should be so indicnted. Usually this
will simply be otated in very brief form without need for Justifieation,
However, becuuce of the prevailing nrguments no to what quantity ic moot
aupproprinte, u discussion is presented below,

Nolose ratdings are derived from acoustical measurements which fall into
two groups:

o Effective {root-mean~izquare), or instantencous, scound preosgure level
o Sound power level, plun dircetivity 1f desired.

Some ncounticiann ure quite sdnmant In thedir preference for expressing noluse
ratings in terms of sound power rather than sound pressure -- or vice versa.
Sinee oound power io wlmost always computed from meapured sound preccures, it
in difficult to argue that oound power 1o inherently superior to pressure.
However, the sound presusure resulting from o given vource 14 strongly
dependent upon the point .at which the menpurement 1o made and can depend upon
the environment in which both the source nnd the menvuring microphone are
located. Bound power level 1o a meacure of the totanl pound power radinted by
the source in oll directionu und directivity 1o o menpure of the apatisl
intennity distribution. Sound power and directivity arc buoiealiy
charncteristicen of the noise source and hence do.not need to be specified in
torma of any purticular mengsurement distance (other than that measurements
phould be made in the far {leld). Sound power i lens dependent on the
environment in which the source 1o loeated than Lo pound pressure. However,
both the radiated sound power and the directivity arc influenced by nenrby
reflecting surfuces, nuch ag floors and walla. In encloged gpacen, the sound
poer usunlly 1n leos cffected by the environment than 1o the sound pressure
at diostaoancen far enough uvay from the nource to be in the reverberant Tield,

A wag mentloned nbove, the sound poder ununlly munt be computed from
nound prenspure mennurements.  This i accaompliphed nimply and accurately in
tuo Limiting capen: (1) in the reglon of u free field beyond the nenr ield,
and {2} in u reverberant {(Aiffune) sound fleld. In aouch fields the pound
pover can be caleulnted from the mean-sgunre sound presoure, averaged over an
appropriste surface cncloning the nource {free rfleld) or averaged over the
volume of the room (reverberant field). Clone approximationy to free-~ficld
conditdiann ean e snchleved in nnechole chambers, hemi-nnechoic chiambern
(1.¢., free field over a roflecting plonc), or outdoors. Approximately
diffuse pound Cleldo ean be obtalned in largs, hnrd-walled reverberation
chambera, 7o determine the directivity of the nource, an ennentinlly
free~Lleld environment munt be uged.

When ocountienl datn ore expressed In termo of sound power, ohce nhould

ba able to aepume that the date correspond to the far fleld around the
sowrce nnd that the nound power i based on measurements at o pufficlent
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number of angular positions te sample wdequntely the field in all
directions or by adequontely campling n reverberant tleid. Thus one cnn
have uw fulr degree of confidence In using the sound power to prodict gound
precaure st o particular loeation in a particulnr enviromment. If on the
other hand, scoustical donta are expregsed In terms of sound pressure, these
date ohould be nccompunioed with suff'lelent informetion regarding the
meaouremenl. loecation und test envirenment to cnuble one te infer the extent
to which the datu may be used to predict sound pressure at other locuntiens
und In other envirenments. Compare the folleowing stotementod

The A-welghted total gound power level of the machlne wan found to be
93 di re 1 pH.

The A=welghted nound preunure level of the machine, when resting on o
hord reflecting plane, was Lound to be 69 dB re 20 pPo at o location 7
m from the center of the machine, ut anp angle of h5° relutive to the
axly of the machine, at a helght of 1.5m above the supporting plane.
No other reflecting surfuces were within 50m of the muchine. Tento
eatubliohed thut the mecourement location wan in the for ficld and
that there were no significant variations In sow.d presvure near thia
location due to phane enncellatien between the signoal refllected from
the supporting plune and the direct signal.

Note theat the resulty of sound power determinatlons ean be ntuted quite
almply sdpnce measurement locatlon need not be apeeified. A statement
regardding locnl variationn Iin nound prenuure duc to phase eancellation
frequently would not be made but can be quite importnnt (nee See. 15). In
tiie cane ol the ntatemont of sound preoasure level, there 1o no infermation
about sound prensure in other dircctionns. Sound power determination
unislly requires meapurement of nound pregoure levels at a number of
microphone locatdonn., Dircetivity information muy be avalladble 1f desdred
(provided, of courae, the messurcments wers made under free=rield
conditiona), BSome of the argumentn in Tavor of expresalng noilse emianion
in terma of pound power have been asummarized by Leng and Fiyon[h),

In spite of the above endorsement, sound power io frequently not the
spproprinte quantity to use fov noloe ratipgs. Ap otated above, sound
pover requires mensurcments In the far fleld of the nource in o
well-defined acountic environment. The extent of the Lfar f{eld of
practical nources at any given frequency is not accurately known, For o
source whods radiating surfnee hus a representative dimepnlon, n, the near
fleld 18 approximately circumncribed by the ddotances 2a“/A or 2a,
whichever in larger. lMere a is the "dynamic® dimenoion of the source,
which may vary connldernbly with frequeney nnd can be estimated
eonnervatively to be equal to the maximum source dimenslon, amd A 1o the
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wavelength corresponding to the frequency of operntion,  Semetimes 1t 1s also
recommended that mensurements be mode at least one wnvelength nway from the
scurce. I measurenents are made with the source located an ef'fective
distance, h, nbove n refleeting plane, measurvments should be made ot o
distance avay of ut least bh The Jlmltaticen to distances greater Lhan 2n°/A
tends to be the moat serious one. At a frequency of 10 klle, for Instance,
the wavelength, A, is only .03,  Assuming o source dimennion of o = 0.5m,
the mensuring diotance must be ot lcunl.ol‘jm. Tor real sources, the nituation
would rarely be ag bad ag this. The 2a/) limitation iuo bused on u source
for which unll polnts roadiste colierently. In many products, there are o
number of indlvidunl sources, a large number of vibrat{onnl modes are
excited, there may be acrodynumically~gencruted random noloe, and the source
behaves more like an ensemble of siall incoherent sourcen =- in such o cuase,
the for leld may begln very close to the source ceven at higher frequencles,
Recent investlgationu[5=7] have demonstrated thot an accurate determinatlon
of the sound power emitted nny be derived from sound preussurce measuremento
which are made quite clone, nuy, one meter, to the machine whote noise
cmivglon in being menpured. The voldidity of one-ucter mensurements hao been
conf'frmed for nll of the sources studied that emitted brond-band noloe
without prominent dinercte tones{%5=7]. If such close-~in menturements yield
sulficiently nccurate repultn, omaller test facilitlies may be uned and
amblient nolce requiremento may be relaxed.

Whether or not it in posoible to muke accurate gound power determina-
tlonu, there nre dnstances vwhere 1t 1n distinetly preferable to characterize
or rate mochinery in termy of sound preunure. Cne of the mont common of such
nituntionn is when the noine rating relates to an operator location. If the
operator stays st n particulnr locutlon, the sound presnure level at the
posltion of his head 41 the most useful quantity to menmure. If the operator
moven around in some known aree near to the machine, a npatinl avernge of
sound leveln over likely operator locutions {e.g., n path around the machine
at ear level and arm's length from the mnchine) to approprinte. In nome
caficy where an operator works near one of o lnpvge ansembloge of mnchinen, Lt
muy be necessnry to know the close-in {operator ponitions) nound prepsure for
his machine snd, in addition, sound power of the other machines in order to
provide nufflelent dnte to predict the total noise level nt the operator

positionn,

Ona my be primarlly concerned with the nodne radiated in a particular
diregtion so that total sound pover informntlion 1p not necded, Motor vehicle
nodue ratlings, for exampla, may not require total sound power information,
but only the sound presnure radisted to nearby communltics. Of major concern
in the nolne randiated to the nilde of the vehivle, while nolne radiated to the
{ront, back, and top in of much lesn copncern and mnoy be dif'flcult to measure
for o moving source. ‘fhun nound preanure nt o far-{ield sldeline ponition is
o logieal meanuremont which relates directly to the nolse levelp dn
communities,

Sound pressure 1o the proferred quantity for sourcen, nuch an firenrma,
which produce impulnive noino. lere the Inntantuneoun scund prevuure and itn
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time hintory are required in order to charascterize adequately the sound and
atoeos the potentinl nolne hazard.

In general, sound pressure is appropriate 11 the listener locntion is
well defined, the tranomivsion to Lhe listener doos not differ mueh among
typicol applicatlons, and, if it ig deslred to extrapolate the datn to ather
locotiono, typicul applicatlons arce auch ag to permit this to be done with
odequate confidence. found power in usunlly more appropriste if information
in needed to predict pound pressure In a vorlety of envirenments which
olgnificantly affeet the resultant pound pruessures. All other things being
vqual, tound power datn are preferred for machinen which are small enough to
be tepted under laborstory condlitions; i€ directivity 1o a vignificant
factor, however, reverberation room measurements of sound power would not be
appropriante since no directivity information cun be obtinined.

115, Applicubility
n. Typec of licioe

The measurement ptundard should clearly state the types of neloe for
which 1t 15 applicable. Thiu ic importunt sipce voire neusurcment
procedurses ore not at all approprinte for certain types of noise. ‘The
followlng dilscuasion of clupulfication of noloe by type 1o ndopted from
Americon National Jtnndard Methodn for the Mesourement of Sound Pressure

Leveln, 51.13-1971[8).

The noises wosunlly encountered in practice are claaoificd un oteady or
nonateady nolse,

(1) gteady Noine, The level of o gteady noloe remains essentially
conatant {that in, fluctuntions are negligibly small) during the periad of
obnervatlon., {(See section 0.4 o [8] for a dlocusslon of ohuervntion
times}. To the typical obnerver, A chonge in nolse level of lens than one
decibel 1o not likely to be detectable vhile u nix decibel change would be
considered nignirficant., If the average noloe level in relatively conotant
but; the spectral distribution of the sound changes during the period of
oinervation {an determined by listening), the noiuve shall be claspified as

nonateady,

(a) [teady Nolne Without Audible Discrete Toneu. Thin type of
noise 1n frequently referred to an "broad-band” nolse; prominent
diacrete components and narrow=bands of nolne are sboent. The plot of
presaure apectirum level versus frequency is without pronounced
discontinuitien,

(b} SOtendy Hoise with Audible Discrete Tonea. Thin type of
nodae hon companents st one or more diuwcrete frequencien which hove
algnificantly greater nmplitudes than thone of the adjacent specirum,
Clustern af auch components or narrow-bands of nolne may be chnerved.
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The ppeetrum obtalned with n narrow-band annlyser hog shorp pealks
(prominunt single-frequeney components) or ateep grodients (narrow
bundn of noise).

(2) Honstendy Nojse, The level of n nonstendy noloe shifto signifi-
cuntly during the perlod of abservation. This type of noise msy or muy not
contain audible discrete tones. The elausiflcation of nonstendy noisen
depends upon the period of obuervation whicl must be defined for esnch mean-
urement .

() Fluctunting loine, The oound presaure level varies over a
range greater than six decibels with the "slow” meter churacteriotic
und doen not equsl the ambient level more than once during the period
of oboervation. Alterantively, the noloe muy {luctunte Letween two or
more pteady levely osix or more decibels npurt when measured with the
"fust" meter characteristic of n sound level meter. Fluctuntions may
occur beceuupe of beato between two or more audible discrete tonen
huving nearly the same frequency.

(b) Intermittent Nolse, The sound pressure level equals the
smblent level two or more timen during the period of observation. The
period of time during which the level of the noise remainn at an
cunentinlly conntant value different from thut of the amblent iy of
the order of ont second or more,

(e} Impulmive Nolae {Purntn). Impulnive noise hap Lrief
cxcursions of sound presoure (ncouutic impulpen) which nignifleantly
exceed the oamblent environmentnl sound preosure. The durntion of o
oingle impulse 1o woually lenn than one second. T™o nubentegories of
impulsive noine are:

Inolated Tarstn, One or more burotn occcur during the perilod
of ohnervation. The envelope of the burst wavetlorm may be that
of n decaying trannient or it muy be of ecuscntinlly constnnt
wnplitude, for exnmple, a tone burst, The burad spueipg {time
intarval between burstne) is sueh that each burst 1o individually
dintinguishable with o gound~level meter,

Quuni=itendy Noise, A traln of two or more burnts occur
during the period of olservation, Individual bursto in the train
moy have cqual or unequnl amplitudes and the burat npaeing (time
interval between burstn) may be uniform or nenuniform. As the
burnt repetition rate increanen, the resolution of indlvidual
buratn by & sound-level meter becomes difficult; the noine in
then clappified no quasl-ntendy.

In ppecifying the menourement of impulaive nolne, 1t iu dimportant to
be very clear ta to the quantity desired: peak instantancoun nound
preppure or pesk root-mean-aquare sound prepoure averspged over o
ahovrt, and apeciflied, averaglng time.
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Exumpleys of different types of noloe sources are given in Table 2,

The acouwitlc cnvironment hus n strong influence on the types of nolue
which can be mesosured therein. Decause a reverberant, or seml-reverberant,
room nely Lo wverage pound pressures over time, informution cannot be obtalned
conterning the phort-term tepporal vardation of nelsc emlaslon. Partleular
coution lo necesooary 1in reverberant room mesourements 1 the noloe emitted by
the pource contualnu uipgnlfieunt disercte frequency and/or low frequency
components {(oeve seetions 12.2 and 15),

All typen of noise cun be mewsured in an anechoice gpuce or o hemi-
snechole gpaee {i,¢., free field conditions over n reflecting plane). In
conducting measurements over & reflecting plance, particulear caution in required
If the nolse enltted by the souree contains nigniricant diserete {requency
components or 1€ o nuarroew=buand frequency analyoln 1o desired (see seetions
12.2, 12.6 vnd 15).

Table 2

Fxamplen of Bources of Different Typen of lolne

Steady lonntendy
Hithout Audible Fuctunting

dinerete tonen
Uenvy traffic {nearby)

Dintunt clity Pounding nurfl
Waterfall
Intermittent
With Awdibla
digerate tonen AMreraft fly-over
Automoblle punning by

Clrecular nav Troin paouing by
Transformer

Tmpulnive Inolatesl Huratn

Drop forge hanmner

Dog harking

Platol nhata

Door plomming

Fleetrical elrewdt bresker

Guani-ntendy Holne

Hiveting
Pneunntic hatmer
Machine gun
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Dirterent types ol nofse my require different types of Instrumentatlion
{see seetlon 13).  Accordingly n mensurement standard must call for speciflie
Instrumentation performunce charactoeristics; that standard will genernlly bol
be sultable for all types of noise.

bepurting now rrom the classification of noise by type as given 1in
American Hational Standerd $1.133-1971, 1L ig also useful Lo cluasuify noise as
being deterministic or nondetermlnistic. Deterministle sipnals can be
deseribed un an explicit function of timey nondeterminjclic osipgmnly cannot.
Peterminivtie oipnuls are perlodic or uperlodie. Periodie sipnals repeat
thempelves In thelir entirety over vome time interved. Aperiodice sipnals are
every other type of deterministic sipnnl, Hondeterministic slgnnls, also
referred to as random olpnals, may be deseribed stutlastically. The probability
function tor time-varying wave forms indieontes the relative frequency of
cccurrence of the varlous ingtantuncoun values of the wave form,

The accurncy with which nn acoustical signnl can be mennured depends
upon, bamong other things, the rise time nnd the wveraging time of the
mensurement syotem. The signol must be "“looked at" long evnough for the
instrumentation to respond and, in the cuse of nondetermininstic nignula, long
enough to obtain a auwltuble aversge (pee section 13).

L. Lnture and 3ize of Source

A noine mengurement otondard should include an indiention of the types of
noine oourcen encompasned, Thin should include such fauctors nn ntatiopary or
noblle, size of source, allowable operating characteristlien, cte.

¢, Menpurement Uncertodnty

A nolne measurement standard ohould provide guidunce sy to the
meansuremsnt uncertalnty whiel con be tolernted in ench regulatory situastion.
To have operational meaning, the uncertalnty of w meapuraed value muot he given
relative to gome actunlly nchievable and nationally sccepted reference, o do
thio, & clenr atatement of what would constitute the nationnlly uccepted annwer
it needed.  In gsome enwven referencen bo otandards as maintoained by o national
laboratory may Le pufficlenty in others the reference may be o connennoun of
many laborntorien.

The current Internntional Orgmnlization tor Stondardization stundards and
draft stondards for determinntion of sound pover emitted by stntionary nolne
pourcen ansoclate with ench document{9-15] one of the followlng grades of
necurncy: preclslon, englneering, nnd nurvey. Within cach document o
stutement duch an the following 1o mude{1h]:

Menpuremants made in conforpity with this Internationnl Standard tend to
rennlt in atondord deviatlonn which are equal te or less than thoae glven
in tebles 2 and 3. The ptmnodard devinticnn of tahley 2 and 3 reflect the
cumilntive effectn of nll enudel of mersurenent uncertainty, exceluding
variationn in the sound power of the source from test to test....
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Table 2. Uncertainty in determindng sound power levels of sound soutces

in anechoice

I'"ONMms

Octnve Band
Center Frequencics

One=Third Gotave Band
Center Frequenclen

Standard Devistion
ol Mean Value

Ha TES i)

10% o %00 100 to 630 1.0
1000 to hooo Boo to 5000 0.5
Booo 6300 to 10000 1.0

Tuble 3. Uncertaninty in determining sound power levels of nound soutcern

in semi-~nnechole roomns

Octnve Band One~Third Octuve Band Standard Beviation
Center Frequencies Center Frequencies of Meun Value
liv Hz db
13% to 500 100 to 630 1.5
1000 to hLooo Boo to 5000 1.0
8000 6300 to 10000 1.5

his partlcular example corresponds to precision measuroemente in nnechoic amd
heml-tnnechoie environmento. Analogows tables are contmined in the other draft
ntandardn.  Theve documents aluo ineclude diocunsionoe of the major causen of
wecertalnty,

Whenever possible, the ntandurd should specify the components of variance
which ahould cnter inte the wncertainty stntement and the menns for determining
a realintic limlt to the offpet of the proccos from the "aceepted" procesn na
defined in the ptundard. In addition, the standard should apecify the type of
evldence needed to eatebliah that the messurements arise from a mensurement
process which 1 in n otate of cantrol (l.c., huo prr:dict;uhillty).

If o nodoe regulation for n particulnr elans of productn requires all
noine mensurements to be made in nccordance with the same mesourement standard,
and 1f tho inter-laboratory reproduciblility is excellent, that moy be
aceeptable even 1f a nystematic biaa is punpected since thnt blas would affect
ell menaurements similarly. On the other hand, a measurenent process might be
capahle of producing remultn that would ayerage out, over a very large number
of measurements, to be qulte accurnte but the imprecinion could be po large no
to be wnacceptalble, In general, and A sufflclent knowledge exiots, o
gtatement such an the following should be made:

Meaauramento macde tn conformangn with thiv standard tend to resuldt tn a
ntandard error of X A and a syatematio error of not more than +Y di.

I'rovided that separate ntatemento of imprecision and pystematic crror are
ineluded, it 18 acceptable to prosent o otatement placing bounds on the
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intceuruey, i.¢., the overnll wecertainty of mensured values, o general, the
bounds indicating the overall uncertainty should not be numerically less than
the corresponding bounds placed on Lhe systematle crror outwurdly inereased by
ul least three times the standard error,  lor exampie:

covresnlt troan overall uncertainty of #b dE baucd on g atundard error of
L0 db and an allowance of +28.0 JB Jor sjotomatie crrop,

Conslderable care mwsl be taken {n selecting values for the standard
error und oystemtic crror whieh are appropriate for use In o meagurement,
stundurd, The ptandord error should correspond Lo the reproduclibllity among o
mimber of luborateries, rather than the repentubility in o given laboratory.
Similarly, the ollowuance for systemitic error chould correspond to thut of the
meopuirenent otandard as renllzed in o given laberatory. Thus, the stotement
Just prior to this paragraph should be Interpreted oo indieating that, i1 n
very luarge number of laboralorien were to carry oul measurcienls on o given
nolse source, approximutely 005 of the laborntories would oebtuln valucs within
+3db {corresponding Lo 3 ntundard errorn) of the mean of ull the values and
that mean value (asguning enough luboratorics participnted so that the mean of
the valuens obtulned did not differ significantly from the menn of wn Inf'inite
populntion of luboratorics) would not differ trom the "true" valuc by more than
42 dB.

Heither the standard crror nor the nystomutic error bound are evasy to
obtnln, Selection of appropriate vulues should be carefully connidered by the
group prepuring the standavd, A worthy, but difficult goul 1y to upecify the
tent environment, the source~operating procedurcn, aml the measurement and
enlibration proceduren to maximize both accurncy and precision while minimizing
the time, difficulty, and cont ol comducting the test.

A1l in 0ll, 1t 40 the "quulity" of mensuremento which in at fssue. This
"qunlity" dependn on o vardety of fucters including the operator, the environ-
ment y the Ltem or quantity belng meanured, the instrument, cte. GSpeedfication
on the inntrumsntation (e.g., traceability, re-enlibration nchedule, ete.)
piebicularly when the resudlts are done under the extremely restrlctive con-
ditlonsn of n laboratory muy not glve valid indientionn of the performuince of
the dnttrument in routine uise, 1n regulatory mensurencnt, 1t 1o particularly
impoxrtant that the focuws be on tlie correctness of individunl measurements,
becnusie of the "eropo-exomination" to which the measurement will be oubmitted
in legal proceedingu. The decdnlon an to the ndequacy of meaaurcment should
not. e allowed to depend solely on pro formz traceability requirements relating
to the nelentifice cvidence which 10 needed to determine Lhe uncertainty of
mensurerant {see Appendix C).
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12, Acoustic Environment

0 The meanuroment otandard showld opeelfy and provide eviteria for the
evaluation of the allowable teot cnvivermommt(sl, o.g., ancehoic,
hemimancehoie (freo-ficeld over a reflecting plancl, veverbepant and in
atlu.

¢ For theue cauvee where the backgrownd nodoe itu aignificantly, but leso
than 10 d) below the notoe being meanured, the measuroment ¢ tandard
should provide corrcetion factors.

¢ Ihe meaourcment otandard vhould inelude reatrietions on external
factora which ecan affeet the sound prevonre level at a particular
point or the accuracy of the meavurcment of that gound preavsure lewvel.
Allooable rangee of temperature, barometric pressure, hunidity and
wind ater which meavwremonta may be made ae well ao restrictfons on
vertical and heorisontal (grownd planc) rvofleeting mafaces and
correettona for the offecte ohould be ineluded wherever poosusible.

In Becetion .2, o brief discusplon was glven of the eff'ect of the
civironment on the noloe levels produced by varioun sourcen. From thisg
diseunaion it phould be cleusr that mesningful meapurements of noloe
eminnion generally cnn be made only in o well-characterized ncoustic
environment, Whenever the noipe source can be moved readily into a lab-
orntory, or other controlled environment, 1t 1o generally preferable to
make acounsticnl meavurements there roather than to be subjeet to the
vagarico of uaturo and the need to charucterize 4 new acouutic environment
every time o teut in curricd out nt o different locutlon. Due to the plie
or mobility ol muny nolse uourcen, however, 1t 1s frequently neccosary to
conduct menpurements outdoora at u purticulur tent site or, either outdeorn
or lmdoora, in nitu,

121, Geperal  Heguirements

Four hanle tent environments Croedquently are uoed for ncountieal
menfurementn:

Anechotc =~ An anechiole (menning "without echo') enviramment in
unually obtsdned in an Indoor chwmber, or room, in which the wallns, {loor,
and ceiling ara npecially trented to obhoorb virtually all of the incldent
tourndl energy. An wanechole npace ean alno be obtuined outdoors, by
nuspending the tenst apecimen well away from the ground or other reflceeting
objectn. An ancchoic npuce can sometimes be well spproximated in o lorge
reom, without apeclal ncountic tremtment of the room boundarien, 1f
measurementa con be made elose enough to the source that there 1o
negligible contrlbution from reflected nound cnergy.

In an anechele environment, "free £ield" conditionn preveild ond the
rolne emisalon charncterlaticn of n source can be determihed simply from
menpurementa of poumd presuure in the far rodiotion fleld (nee See, 15) of
the source. In general, ony type of nodoe slpgnnl cun be meapured In an

1%

—— — e At b AR SEAE R e ATTT T B S o R o AT A Rt ST
A T A R R VK S A A R T LA TN S I 2 M ST T AT LA T e




AdCO TTVTIVAY 1538

anecholc chviromment. A particulear advantage of an anechole environment ia
that the directivity of the radlated sound rield can be measured.  Several
limitationo to the use of nnechole environments are: {1) the high cosl or
ancechole chambers, {2) dlfriculty in suspending large sources well nway from
any reflecting swince, nnd (3) difficulty in providing lor operating loads,
heat louds and exhnust emloslons,®

Hemi=Ancghole == A "hemi-nnechole" environment ig one In which Tree-field
conditionu exint in the half-spoace on one side of u totnlly or partinlly
reflecting plane. Ugpunlly o hemi-nnechole space luo the free npace above a
hard, reflecting, horizontel gurface but the coneept enn be extended to include
frec-rield measurements near any partinlly reflecting surtfancee. A hemi-ancchole
gpnce can be obtalned in an indoor chmnber with the wallo ond celling acouytl-
cally treated ao In an anechoice chamber but with the floor ancoustically hard
and reflecting., A hemi-anechoic opaee cnn also be obtained cutdoors, with the
teot gpecimen reoting on or anbove a paved surfoace. Ocensionnlly ontdoor
measurements ore node oyer a partinlly reflecting surface such ng grasno.

In a heml-nnechole nponce, an in an unechole spnce, nolse emisnion in
determined Ifrom sound prespurc fennurementno in the far radistion field of the
nource. Menosurementn are complicated, however, by interference effects due to
the combination of direct sound wnves and waven. f'rom the reflecting plane.
Thio reoults in local meximu and minime in the wound field and conslderable
npistinl sampling often io required to obtain meaninpgful results {(pee See. 15).
In general, any type of noloe nignal can be measured in o hemi-ancchoie
enviroument. Directlvity information cun be obtnined under conditionus typleal
of uwue conditions for muany types of equipment == e.g., over o reflecting plane.
There ia no particular difficulty in nupporting or operating lurge or mobile
equipment.. In conducting outdoor measurements conslderable difficultien can
arioe due to wind, rain, humidity and temperature,

An extenosion of the hemi-anechole environment {s o free ficld sdloacent to
tvo or three internecting reflacting surfaces., Thin could be useful when o
product 1a pormally oo inutalled.

fThe time required to moke messurements at o large number of' microphone
lecationn, in order to obtaln adequate spatlal averaging in an snecholc
enyironment, hna been indicated oo o remson for preferring reverberuant-
fleld meanurementn to free~{leld mennurementn. However, as the under-
ntanding of the requirements of reverbernnt room pound power deberminntionn
hag dnereaned, 1t has become clenr that many microphone locutionn, ond
frequently several acurce locationn, #lne arc needed for adequate sampling
in reverbersnt flelds, I only A-welghted sound power, rather than
ppectral information, 1a needed, sncchoic chnmber mensurements may be
enaler than revarberntion chamber mensurements since, in reverberation room
measurementsa, it uwmially in necepunry to determine nound power vorsun
frequency nnd compute A-welghted power rather than meapuring A-welghtoed
leveln directly as cen be done dn an snechoic chamber.
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Heverberant —- Reverberant Cleld messurements are corricd out in noro
with acoustically hnrd walls (i.c., low sound nbuorption) such that sc
waven andergo many reflections belore belng absorbed,  Reverberatlon oo .
are typically equipped with stoaltlonary or moving diffusers to inerease the
uniformity of the reverberant nound t'ield.

In u reverberation room, one measures sound pressure level and
computes btotnl sound power, the computution belpy baged on Lhe premise that
the menn-square sound preasure averaged In spree and time 1o (1) dlirectly
proportionul to the nound power output af the source, (2) inversely

proportionul to the totwl ubsorption in the room, and (3) otherwise dupendent

only on the physicnl constants of ulr density and veloelty of sound.
Reverberunt room methods ore particularly advantugeous for sources which
praduce vtewdy nolse and for which direetivity information i not required.

Hloiae mesourements in a reverberstion room are dependent upon accurate
measurenent of the sound cnergy density, In the frequency bands of
interent, in the reverberant field of the reom with the noise source in
operution. 1In order to obtain such nceurate mensurcmentn {t Iy denirable
for the room volume to be sufflelently large {see Sec. 1P.2) that many
normal moden nre excited in the room. At low frequencies sand/or when the
room i{n excited by pure tones or very harrow bands of noioe, 1t iz common
f'or only o few mod=n to be exelted und accurnte measwrement off cnergy
denoity requires very extenslve sampling of the sound field, preferably
with the uae of moving diffuseru.

In Situ == Certaln types of equipment cuannot, for practienl renvcns, be
operated outdeorn or in u laboratory enviromment. When the nolse emission
of' n pource must be meanured in nitu, it 1o highly desirnble to utilise
procedures which approach, st ncearly ao pounnibtle, one of the three cases
Just dipcusned, Two of the recent Deaft Internatlional Standards for sound
power determinntion(13,15) include proviniens for corrccting for a
lens-than~idenl acouutic environment. The need for nuch corrections would
almont alwayn imply o degradation of measurement oecuracy.

122, Criteria for Adequacy of the Test Enviromnent

Thio section ineludes more detailed dipcunnionn of the crlterla which
caoch of the above four types of acomitical environment nliould mect,

n. Anechole Environment

The Drarft [nternntionnl Standoard for preeisdon determinotion of sound
power In an snechole chamber{14] ataten (Annex G} thnt "the volume of the
teat room shall he large enough no that the mierophonen can be placed in
the faur rndiation fleld of the nound nource under test, without belng too
eloae to the ebnorptive gurfaces of the tent reoom." It {u instructive to
conulder briefly the measuremnent error that might result due to reflectionn
from the wnll of an anechole chamber,

h3
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Conulder o situstion suel wus shown Ln Figure 3, with o sound source 1n
nn ancchole chumber and o measuring microphone In the far radiation field of
the source. It io assumed that the source emitos a spherical sound wave at an
nngular frequency w = 2n¢.  The Instantaneoun pressure of the emitted wave
cun be expressed oo

pu(r,t) w 1; con [w{r/c - )1, (1>

vhere P i the nmplitude (') of the preussure ot o unit rudial distence, r =
1 m from the pource, t is time (u}, and ¢ ip the veloeity of scund {m/s5) in
the medium,  The woave reflected from the chamber wall may be approximated by
n wave emitted from an imuge source o diatunce L to the right of the
ef'fective location of the chamber wall.® The instantaneous pressure of the
reflected wave can be expresscd ng

pr(r‘,t) - l—:-l.'- confw(r'fe - t) + 4], 2)

where ! Io the alutunce from the lmape source to the measurcement location, R
in the mngnitude of the presourt reflection coetficlent of the chumber wall for
normally-incident plene woaves, and ¢ lo o phuoe ungle which depends on the
ncoustical impedance of the chamber wnll, PFor normal ineidence, r' = 2L -~ r,
The wnplitude of the totul presusure, p = P, * bus will e between the followlng

limitn:
P £R v 1
T [1 - ';r] <ol <5 [1 + *-f.-'] ' &)}

the lower 1imit correnponding to destructive interference and the upper 1limit
corresponding to constructive interflerence,

#*The analyndn given In thip dectlon 1a falrly accurnte for cotimating the
effect of the reflecting plane in hemi-anechole menburementn or the effeetn
of the walln in reverberation measurements. It 1o less accurate for “nort"
walls puch an thone in an oncecholce chamber. In sddition, nlnce the abnorp-
tive lining of nn ancchole chamber hinn conniderable thickness, the "elffective
loention” of the wall in uncertaln. Thun the npalyslp whieh follows iu
intended to qualitatively show effects but should nol be taken too neriounty
In n quantitntive penne.  More cxoact analyuens of the vound fleld due to n
point source near a partially reflecting boundaey are glven by[16,17], which
ulao reference enrliler work.
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Figurz 3. fichematic representation of a nound pource in an ancclole chamber.
The gound £ield produced by a fource and its "imnge" only npproxi-
rately representa the actual smound Tleld.
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In terms of mean-sguore presoure ratlos,
Zz 2
R -, ri~
[ - ?_-,—J < p?/pu'! < [1 + :—,S] . (4)

Converting to sound precosurce levelos, the difference, AL, between the meopured
level wund the level in the absence of reflections is bracketed by:

. i i
20 lop [l - ;—.] < AL < 20 log [1 + %’,-] \ (5)

where "log" dealgnutes the common logaritlm {bose 10} and where rR/r'
representn the ratio of the magnitude of the reflected pressure, at any r, to
the magnitude of the incident prensure, at the ppme . Thus the menoured
devigtion of the presoure from that of o opherically ppreading wave depends
on the product of two independent, nen-dimensfonal parameters, R, and r/r'.

R dependn on the wall impedance only while »/r' accounts for the reduction in
the reflected pressure at any polnt r due to the ppherienl spreading of the

prossurens from the real and image nources.

Derining

R
“R " -ETD (6)

the range of the maximum nound prensure level devintlonn from a apherically
sprending wave becomes, from eq. (5),

20 log [lwnR] <flL< 20 log [1+nR]. (N

It in cuntomury to define mn energy abuoorption coefflelent, w, which in
the ratlo of the abuporbed energy to the ineldent cnergy. Thio is relnted to
the prensure reflectlon coefficlent by

-] . p2 .
o 1 1S (8}

aimilarly, n loenl mennure, ot r, o the encrgy loot due to wndl obuorption
nnd spherleal spreading 1in
o 1on? h}2
n, & 1-Mg =1 (r.) . ("

When meapurements acve mede with the micerophone approaching the chamber wnll,
'~} nnd aten. Making menpurements with the microphone nenrer the nource
in agquivnlent to having n lower preasurs reflection coefficlent, or higher

energy abusorption coefflclent, for the chamber walln,

The 1imitn of ¢a. (7) are plotted vn. "H and I 4n Figure I for the case
. a
nhown in Figure 3, r' » 2L -~ 1,
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Flgure h.  Maximum rangs of uncertalaty in the souml pressure level in an
anechole chamber as a function of Hn and H". defined in the text
(for ningle wnll, normal incidence).
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A standard for nofse mensurements in an anechoie chamber should provide
guidelines for constructing o sul table chamber and specify crlteria for
neertaining 1ts ndequuey (see Annexes A wul G of [1h]).

The usual procedure for determining the adequacy of an anechoie chumber
ju to measure the preasurce fidlef'f as n mlerophone is moved n distanee, r, away
from u source #hich has been selecled se as Lo radiate eppentinlly o spherienl
wavelront so that the sound level should fall off ns L= 1. - 20 leg r, where
1. is5 the sound level at unit diatance from Lhe acoustie center of the source
(gtmuminf; thut one is in the fnr fleld ot o unit distance} == thin corrcaponds
to a O di deerease in sound pressure level for every doubling of the diatance
from the source, Returning to eq. {6), it I illustrative to plebt the sound
level versus meagurement distance from the source. This o done In Flpure 5
for B = 0.2 {a = 0.90); the values pelected {or other puramelern nre given in

the flgure caption.

A dndicated previously, the annlyuls nbove 1o only approximately correct
for renl anechoje chumbers, Particular difficulties could oceur in come

Inotuncea, for exumple:

- mierophiones pluced near room cdges or cornern could recelve reflections
off" twa or three walls thug increasing the error

= highly dircectlonul aound sourcesn con cuuse partleular problema due to
vound emltted from the "louder” side of the wvource Leing reflected into
microphone leentions on the "qudet" pide of the gource.

An addltlonal, und quite useful method for checking for unwanted re-
flections in anechole chambern 1o to une o puloed nound gyource or o correlation
technlque to determine not only the mognitude of the roeflected energy but aloo
the uurfoace (e.g., supporting structures) from which the ‘nound i belng
reflected.

The principal limitationo on mierophone locatlens in un nnechole chumber
nre (1) to get the mierophone fnr ecnouph nwey from the nource to be in the far
radiation fleld (nce See. 19) nnd (2) to keep ot lennt a quarter-wavelength, ot
the lowent frequency of Intercat, nwoy from any purt of the nbunorptive lining
of the chamber to ensure that the pound pressure does not atart to fall off
rapldly due to the proximlty of the absorptive monterial.

Uneful references concerning the denipn and quallfication of anechole
chrnbern inelude[18-26].

L.  lemi~Anechole Environment

Qualification of n hemi-anechole environment {u essentinlly the same an
that of an snechole environment. The tent nource generally should be placed an
clone to the reflecting plnbe uy posnible to promote sphericnlly divergent
wnven atd thua minimlse the influence of reflectlonuy from the plane.
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Figure 5. liypothetlical variation of sound prenpure level veraun dintance as
one wall aof sn ancchole chamber 1s approached.  The danhed line
indicaten the Call-~off {inverse nquare law) that would be expected
in the nbaence of any reflections from the wall. The polntp were
computed from the num of eqs. (1) and {2} ausuming £ = w/Pn =
100 Hz, ¢ = 7, and K = 0.2, The effcctive location of the
chamber wall wan taken an 10 m from the nource.
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In addition te measuring Lhe falloft of sound presswre with distance to
determine the effectiveness of the five nbsorbing asurfaces, it Is necessary
to check the reflectivity, or nbsorption of the refleeting plane.® The
current Draft International Standneds for boath enginceringll3] and
preciolon[1h] determinations of oound power In a free ficld over a reflecting
plane cull for the normul-incidence cnergy absorption coetficient, a, to bLe
lesy than 0.06 (R » .97Y. Thia eriterion normally would bLe met for dense
conerete but the absorption might Le too lerge in the case of unsealed
sephalt puvings or certaln types of floor coverings.

An indication of the reanon for selting what may seem to be o rather
vtrict requirement on the abporption of the reflecting plune follows from an
extenolon of the analysis given in the previous cection., Conslider Flgwre 0,
which ohows n sphericul source located nbove a reflecting plane. The
microphone 1y no lenper requlred Lo be directly between the source und Lhe
imnge source, With r and r' defined as shown in Flgure 6, eqo. (1) through
{9) remnin valid, for a locnlly-reacting plune. The limitc of eq. (5) are
shown in Flgure 7, plotted wgoinst both B and a with r/r' au u purameter.

The upper limit on the meapured sound pressure level 1o seen to be rather
{nseunitive to the value of a since when the reflected aignnl in in phupe
with the direct olgnadl and r/r'==1, the comblned oilgnal level can be at moat
6 dB nbove the dircet signnl. lNowever when the reflected signal io out of
phane with the direct signnl, the eombined sound preasure~=~0 aps r/r'~—=1 and
=0, In order to be in the far radiation field (pee See. 15), it in
generally necessary that r/rf=+1 so the gsound level in reglonn of phase
concellation depends strongly on the value eof a. TFor n source which radiaten
uniformly in a1l dircetionn, requiring o to be less than about 0.06 cnsuren
that the aound level in such reglons will be sufficiently helow the level in
reglons of phane reinforcement that no significant error, relative to the
leveln corresponding to n perfectly-reflecting plane, in the meavured noine
emisnion will occur (provided, of course, measurements arc made at enough
locationn to enpure andequate anpatial averagipg). For highly directionnl
sources, otill ntricter requirements on a might be needed.

The normal~incidence encergy abporption of the materinl constituting the
reflecting plane nhould be mewsured, for exumple, in nccordance with[27].
Mengurement of puch low abusorption coefficients in difficult by an impedance
tube teehnique and care 1o required to obtaln accurate datn. A direct
measurcment of the presnure reflection ceeflicient might be prefernble, for
canmple by pulna or corrclation technlques, but no current standeard method of
mesaurement existo,

#In the caae of outdoor measurementn, of courne, there will be no walls and
eeildng to he concerned with., llowever, nite qualification in very useful to
determine the influence, if any, of ncarby reflecting or abnorbing nurfaces.
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I the reflecting surfuce i{o not an integral pnrt of the hemi-ancchoje

environment eure must be tuken to ensure that nolse sources cannot excite the
reflecting surfuce into vibration of sueh mognitude as Lo radinte signiflennt

sound cnergy. 1t there 1o any question that this might accur, ancousticnl

and/or vibration meusurements should be mude to estimate the enerpy roadionted by

{as opponed to reflected fram) the reflecting plane.

Correctionu for the influence of the acoustic enviromment, other than
the major reflecting plane, nre discussed in Seetlon 16.0,

¢. Heverberant Environment

Partliculorly in the case of noice tmeasurcmento in reverberant envir-
onmento, it 1o difficult to separate the adequocy of the test environment
from the ndequacy of the entire meagurement process. In Seetion 15,
attention will be directed to sueh factors nns the variation in sound power
output due to source location, spatinl varintion of sound pressure, and the
wse of reflecting clements to Increase the "diffusenens" of the sound
fleld. In the present veetion the propertiecs which the room nhould heve
will be consldered.

Barly vworkers developed the basie reverberation room theory uoing
certain nimplifying oossumptions: (1) unlform, diffusc distribution of
gound cnergy throughout the room at any inotant; (2) cqual probubility of
propugatlon of vound in ull dircetiono; (3) continuous absorption of sound
by the room boundarieu. The ssoumptions were those of geometrical
ncounticn, in which sound energy 1o consldercd to travel in rays ond nll
wave phenomenn oare neglected. .

The pound energy in o reverberant room can be conoldered as iwo com=

ponents, that in the direct fleld of the vource, which han not yet suffered o

reflection from a room boundary, and that In the "reverberant field", whlch
can be nomewhat arbitrarily defined an thot sound which han undergone one or
more reflectionu{?8, p.311]. Or the totnl power, W, emitted from the source
u fraction, a W, will be abuorbed nt the firat reflection, leaving o total
pover of {1 «%a W 1n the reverberant fleld. Here the nbrorption
confflclent, a_§ corresponds to an appropriate uversge over the surfacen of
the room, with 'nccount being taken of variations in the absorption
coefficlent nn a function of location and angle of incidence. HNote that a
doen nab correnpond to n diffune fleld abgorption coefficlent nince there
caertalnly in not an equul probability of the energy, dircetly from the
nource, arrdving from all ponaible directiona.

Connervatlon of energy requiren that:

Rate of dnercnpe tnte of eminaion of Rate off ubnorption
ol raeverberant alcnamcy from gsource ~ | of' reverberant
energy in room into reverberant fleld cnergy
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In the gpirit of the agsumption of n uniform dif'f'use reverberunt gound field,
the rate of sboorption of reverberant encrgy at any given inotant of time
should be proportional to the sound energy denslty in the roam at that
instant. The,totnl cnergy in the reverberant sound field {c VB, where V lo
the volume {m”) of the room and D ip the energy density in the reverberuant
sound feld (Jm=3). Thus the dirferentinl equation which follows from the
nbove statement ol energy conservation io

dn 2vDh
1 _ R (10
Y - (1 - a ¥ T ¢

where t 1o o characteristic time which defines the rate of sound ubsorption
in the room, whelher by the wallos, the air in the rocom, or by other
purfuces such an diffusers. Under stesdy-ptute conditiona (dDR/dt = 0),
the energy denpity 1o given by

(1l ~ an)H
Dp ===y - (11)

The egergy denodty in a diffuse sound field csn bLe nhoyn to be equnl to
/e, where p* in E‘je menn-nquare nound pressure {Pa“) and p 1o the
dennity of alr (kg m °) in the room; thun

2
peft(l = a )W
2 o ——
Py 2v (12)

1n the mean-square sound preasure in the reverbersant rlield only.

I the reverberant nound energy density 1n assumed to have o conntunt
value, and, at time t = 0 the sound power lnput ip puddenly turned off, tha
energy density will decuy an

dD

il am
dt

Alrs

CIH

R

g0 that © alpo 4in neen to bo the time conntant which definen the rate of
decwy of the reverberant aound fleld; nlternntively

d(tn p %)
R 2
e i e - — 14
dt T a
where "tn' denignates the naturnl lognritbm {(to the bass o = 2,7187280....),
i1ndicnting that 1 can be directly obtained by measuring the rote of decay
ef the aound presaure level when the pource of sound power 1n turned off.
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3 )
Converting to sound pressure level, Lp = 10 log (pn“/po"). where P, -
20 micropuscnlo (pPa) {5 the reference pressure, und sound power level, I'H
10 log (W/W_), where 'HO 1 pleowatt {pW) is the reference power, ©q.
{17) beeccmes

(1 - uu) c2
Lp" = Ly 10 log WV + 10 log -.;'0—0) di. (15)

The time constunt, t, 1s reluted to Lhe commonly uned reverberation time, T
~= the time required for the vound field to decoy by 60 dD == by the relation
T e 6,91t, the non-integer number arlsing from the convernion between natural
und common logarithms. 'The laot tegm in eq. (15) ean be evaluated by
reculling thut for on fdenl goy, pe’ = ¥, where ¥y 1o the ratio of specific
hents (= 1.4 for air) and B iu burometric pressure {(Pa). Utilizing these
quantities, eq. {1%) can aluo be written ao

T - a)
Lp“ n LN + 10 J.og[—‘“—'v—e—] + 10 log B ~ 36.0 dh, (16)

Kquation (16) inp unalogous to the corresponding eapresnions in the current
internationni[10) snd natlonnl[29] standards for determinntlon of pound
power An reverberantion rooms, with the following differencen:

-~ the constant term diff'ern beenuse the baremetrip pressurc in the
ntandards 1u expresned in millibars (1 bar = 107 Pa);

~ there 1o an additionsl term in the stondards arining from Interfercnce
effectns near the room boundarles; the wbove derivation neglecty such
eff'ecty)

- the ptandardn do not include the term 10 log (1 - ao); thia will be
discunscd nhortly.

In order to enpure that the sound field "ncen" the nnme effective abuorp-
tlon in both the otendy-ntate power determination and the trannicent decny
rata for reverberation time measurement, the sound source uned to excite
iha room for reverberntion time meapurements preferably ohould be in the
same location and have the same directivity an the gource whone sound power
in bedng determined.

An alterpative method of menpuring the effective room ahporpticn in by
use of a reference sound nource of khown nound power output. This Known
nource should be at the same loecatlion as the unknown nource snd preferoably
have a aimilor directivity. Looking st eq. (1G) for tests on two nourcen
under otherwlue Identical conditlonn,

(l'pn)l = (L, ) = (I-w)1 - (I.H)2 . (173

PR o
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8o that no explicit knowledge of room preperties is requlred.

These expressions ure hnsed upon messurements of' the mean-squared sound
pressure of the reverberant field, Thus it {5 necesoary to examine the
relutive utrengths of the direet and reverberant t'ields to determine where
microphones muy be located. The menn=square sound pressure due to the direct
field may be exprensed oag

— HQO
2 a pe v (lu)

far?

where the directivity factor Q@ is defined ns the ratio of (1) the mean-
square sound pressure messured at angle 0 and distance r {rom an asctunl
gsource radinting o power W Lo (2) the mean=-square sound proesoure measurcd at
the sume distance from n nondirective (spherical) source radluting the same
total ncoustle power W.

The total mean-aoquare preussure due to both the direet and the rever=-
berant ficld followu from equ. {12) and (18):

— — . Q (L = w)s
2w e 0__. a
Py” = petH LT ' (19)

The ddfference between the totsl sound preosure level snd the reverberant
field vouwnd pressure level io

Q .
v

Ly = Ly =10 log |1 + . ' (26)

Pep - p
1 Pp arte T2 a,)

Subatituting T = 6.911 and ¢ = 3h3.h m/o {air at 20° C),
Ly = 1o = 10 Qo |1+ 0,009 Y o2 21)
‘I)T '[TR QB . T(l = no) e .

Ihe difference, I% - Lp s between the total sound level and the reverberant

T it .
fleld leynl 1uv plotted vn r/Q 1/‘, the equivalent distance from the acountic
genter of the gource, in Flgure 8 with V/[T(1~a ]] no o parsmeter. It ean be
neen that as V/Y1 becomen large, 1t 1o pecenoary to be much farther Crom the
noures 1n order for the dircct fleld contribution to the zound fleld to
tecome negligible. While 4t In rather obvious that, for a chamber of n given
volume, the direct fleld contribution decremnces an the reverberntion time
inereasen, 1t in perhapn less evident that for a glven reverberation time, it
in necesnary ta be farther from the gource in o large chamber thon it 4o in n
nmull chamber,

e oy e Tl
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Eguution (1) and Flgure 8 provide informntion ns to the eriteria which
a reverberation chamber showld meet in order to have a negligible
contribution feom the dircet field at reasenable distances {rom the gource.
The key points arc

T/¥ ghould be as large as possible; this 1s equivalent to the totnl
abporption Iin the room being ag smull as pooolble;

highly directlve sources require that measurements in the direction(s)
of maximum noise emisalon be taken at distunces from the cource which
arce larger than when Qs1.

There fg otill another reason to require the gound alsorption in the
room to be very amall. Returning to eq. {16}, the term 10 log {1 - uD) s
normnlly neglected dn computing sound power from mean-sguate sound pregsure
levels In the reverberant rield. Ao discunoed at the beginning of this
secetion, the particular value of a  may depend on the loeation and
directivity of the noluse source and, in general, cannot be meanured drectly
in any simple monner. Flgure 9 shown =10 log (1-a0) plotted vu & _; 1t 1o
fleen to become a algnificant correction when o exceeds o value o? about 0.1.
An approximate value for & eon be computed from the reverberation time and
room geometry but the percéntnge uncertalnty in the value se obtalned could
be falrly large,

e nbove diocusplon doces net addrens wave effectn. When conoslderatlon
in adno glven to wave offectu, further guldance on room aire, ahape, and
abnorption cun be obtained. The frequency of a normal mode of vibration
(no-cnlled "resonnnce frequency”) in o rectangular room with hard boundotics
is given by

fan 7 2 . n, 2 2 1/2
NN -SRI 1y f R, 3 = 2
TR i g B (22)

% y 7
where nx, n,, snd n, are integers and xx, £y and R are, respectively, the
length, vlcﬂ:h, and Refght of the room. "It €an ve nfiown that an [ increasen

the number af normal modes in o frequency band of width AL centered on I
approachen the value

Y 2 5 s .
an A [V +2“—§-— £l ar, (23)
c [

vhera ¥V An the volume of the room, S 1o the total purface aren of the wally,
and L 1o the sum of the lengthn af all cdgen of the room. Ior frequency
annlynis ln 1/3-octave or 1/1l-octave bands, eq. (23) moay be written oo

2.91v 0,368 . » 0. 031,
A r 3 o4 YoM e oy AT g F{
(hmllﬂ 3 I‘c 4 1c: i £ (24n)

c
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The affeet of neglecting the 10 log (1-u_) term in eq. (16),
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vhere I 1o the band center frequency. IFor a given room volume, theoe
uquutioﬁn predict thot a cubleal room will have the lowest modul denolty of
uny buvleally reetilincar room shape. Ilgure 10 shows the spproximate number
of modes in 1/3-octove froquency bands, as a tunction of frequency, for
cublenl rooms b, G, B and 10 n on o side. There would be approximately three
times an many medes in an octuve buand having the same center frequency.

A knowledge of the characteriotle frequencies of a reverberantion reom in
important in terms of' understunding ito propertles wg o messurcment tool. If
cxclted ot o locution where there io not o node in the pressure otunding wave
pattern, a room will act ng o resonator und muy respond strongly to impreosed
sound energy at frequencics near to the characteristie normal mode
frequencien, The extent to which the room responds is dependent upon the
reverberation time. In eleetrical circuit theory it 1o customary to talk
about the "Q" of & clrcult element and in mierownve theory, the "Q" of a
cavity. In the seme senne it lo useful to consider the Q of a reverberation
room, Q 1s defined un

£
R L M (25
Q= nfyt 535 )

where £ is o natural frequency of the room and T = 6.911 iy the rever=
herntion time. fThe frequency reafonbe of the mean-square sound presgurc, for
lorge Q, is given approximately by

- £2/f "
peo(f) = g . (26)
(/e 2 - 12 + 1/

subatituting eq. (85) into eq. {26},

X3 ! 2
P (£) = ALY = ety . o@n
(/e 2 ~ 1P /e D2 (/0P - DR 4+ (2.20/61)

It can be seen that 10 T 1o very large, the room will have a highly peosked
reaponne for Crequenclen near ro while for pmnll T the response penk will be
phortaer and broader,

Ta provide nn example of the nlgnificance of the helght snd width of the
resonsnt pealts, connlder a room in which, for the 1/3-cclbave band centerad at

60
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5

100 Nz, there are only three normail modes, ot trequencles off 95, 100, and 10
Hz, respectively., 1t 1s further agpoumed thot thege modes all have the cohne
reverberation time (see discusoion below). Flgure 11 shows the frequoncy
regsponie of the room, when ull three modes are of cquel "strength", for
reverberation times of 1 and 20 geconds. It in seen that when T ig lurge the
averape vound prepsure level in the room varies rapidly with frequency.

Figure 12 {)luntrates how the "range"” of this variatien, defined nn shewn in
PFdgure 11, vardies with Lhe reverberatlon time of the room for different
spucingy of the normal mode freguenciesn. In Flgure 12, it has been apsumed
that there are o number of modes of equul "strength" spaced uniformly, ot o
pepuration of &f = 2, 2, 3, I, or 5 Iz, withipn & frequency bund centered ot
100 Nz, (Alternatively, the modal spueing cun be thought of as belng 1, 2, 3,
b, or 5 percent of uny bund center frequency.) Hote thot both T and &f depend
upon the room volume.

If u nolpe pource were to cmit only a pure tone at some frequency in the
bond pusy reglon of the filter, the repsultant menn-square gound presoure in
the reoom would be dependent upen how ¢lone the driving frequency Lv to one or
more resonant frequencien. In order fur the room to be reluatively lnoennitive
to puch an effect, 1t would be deslirable to have o large number of moden in
the meauurement bandwidth, to have those modes au unifornly gpnced wnn
posulible, wnd to hiave the resonunce penks broad epough to "£4111 in the gopo”
between adjacent peako. The implieations of theue obuervationn are:

~tha room should be large to Increane the number of modens in o given
frequeney interval,

-the geometry of the room should be nelected to maximize the number of
moden and promote uniformity of npucing,

~the revarheration time should be low enough to broaden the resontnce
peaks by an smount comparable to the modal spacing.

fJummarizing, the number of modes in controlled by the plie of the room, while
the modald spacing 4 controlled by the shape of the room. If the proom 1o very
hard {(L.e., long reverberation time correnponding to low absorption) the
renonaien peakn will be sharp == at, lover {requencles where the modnl dennity
I low and the modal spacing may not be uniform, the room responde, ap o
function of freguency, muy not be an uniform as dealred. Thus it i denfrable
to add low frequency abnorption to ephance modnl overlap. However, additional
abporption will decreana the apatinl volume in which the reverberant sound
field in well above the direct fleld from the source. A compromine should be
nought betwern theoe two effectn,

Inupection of eq. {P72) shown thut o phenomenon, known an degeneracy, in
which the pame reponance frequenclen cccur more than once, will be exhibited
any time the dimenalonya of the room nre in the ratio of nmall integern. Among
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Figure 11, Frequency reapenne of a raverberation reom having cqual-ptrength
moden at 9%, 100, and L0% lz for reverberatlon timen of 1 and
0 8, reapectively.
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rectangular rooms, o cubical shape exhibits the largest npumber of degenerate
modes and hence clearly should be avoided. Current internationnl[10] and
nutionnl{29] stendards list the follewing room proportions us huging been
found to give sutistuctory mode spacing for rooms of sbout 200 m~ volume {the
"preferred minimum room volume" for mceagsurements down to the 1/3-cctave bund
centered at 100 He):

f.y/i,x 2-.-.”;:
0.43 a.k7
0.83 0.65
0.79 0.63
0.68 0.h2
0.70 0.59

The wildth of o reponnnce line shuape can be characterized by the width
of the penk (neo Migure 13) Letween the frequenclen at which the energy
dannity iv one~hulf of what 1t 1a at the exoact resonnnce {requency. Thic
width, given by

AL = ED/Q = l/nt » 2.20/T (28)

dafines the frenuency reglion in which the mesn-square presoure 40 within 3 dB
ol that ot the resonnnce frequency. It would neem rensonuble to nelect the
room's reverberation time such that the width of a resonunce line in
slgnifictintly greater than the aversge apncing botween normal moden for the
Aoweat Lrequency of interesnt (l.c., modal overlap, M = AC/6T, nignificnntly
greater than wnity); thua, Crom eq. (23), one would denire

Uy 1 hav 0 .
?.205-":71";3_" o 29

vhere M 1ip the denired smount of modal overlap nand only_ihc mopt significont
term in eq. {23) hon heen retained. With ¢ = 3435 m oo™ (alr at 20°C) wod ¥

expreased in cubic metern, thin heqomen

o
< 0,60 & ('ﬁ)'b’) . (30)

I one sclectn M = 3, the lowout frequency at which a reverberation room could
be uwied and wtll) meet the selected ceriterdon for modnl overlap would be

172
2000 () . (31)

All of the analynen in thla pub-nectlon are rather npproximate. For more
rigorous treatments of room acountlen, necel30-361.
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Figure 13. Drawing 11lwstrating the npacing, 4, hetween normal madea, the
width, AL, of a normal modo, and the relationnhips among AL,
£/ T, aud T.
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large no pouonlble uvo thot the uncertainty duc Lo inndequate knowledge of a

An dipcusved earlier, it i deslrable Lo make the reverberation time ng
ia

uccoptable and, over most of the room volume, the contribution from the aiffeet
rield 1o nepligivle compured to the reverberent f'ield, At lower frequencies,
thene denfderita oare in cenflict with the Just-dlseussed criterion calling for
o reverberstlon time omonll enough to spread the resononce peuko in the room
rasponua.  For any given reoom it 1s desirable to wnnlyze nll of these factors
and nelect an adequate compromise for the situntlon at hand,

The current American utundurq[EQ} requires that the room volume be "at

leant 180 m” ond prefgrably 200 m~ for measurements including the 12% H=
octuve bond, und TO0 m~ for meapurements covering the 250 Iz and higher octave
bLonds, but excluding the 125 He bund." It further ctates thut

“the floor of the teut room nhnll be reflective with an wboorption
coefficient below 0.06. Apart from the floor, none of the surface should
huve sbsorptive properties significenntly devisting from those of the
other surfuceo, For cuch one-third cctuve band within the frequency
ronge of interent the menn value of the aboorption coelricient of cach
wall nnd of the ceiling should thus be within 0.% and 1.9 times the moean
vulue of the mbhporption coefTiclent o' ull wally and ceiling.”

The folloving guldelines are glven with regnrd to the osbuorption of the roomt

"T'he nound abhorption coefficients of the surfaces of the reverbernnt
room munt be amall enough to inture an adequate reverberant fleld. The
cosfficlent munt be lorge encugh to minimlse the effect of source
potition on the nound power produced by the source {refer to the
qualification procedure of Section 11). “The average nound shaorption
coefficient of nll purfacen of the reverberatlion room should not exceead
0.06 over the frequency range of interest, except that ndditlonal
absorption Lelow a frequency given by

v1/3
in usnally desirable in order to increane the bandwidth of the renonance
curven of Ltho normal maden of the room. The highent value of the avernge
pound absorption coefficlent, ot nny Irequency, sahould not cxcced 0.16."

r

The internationnl standard[10] includen very simllar requirementn.

Both the Amerlcan snd internntionnl standarda{l0, 11, 29] include quite
detalled room qualifieation proceduren == fieparately for the measurement of
broand band sound and for the measurcment of dipcrete frequency componcntao.
Thene procedures invelve not only the reverbersation chamber but noures loci~
tloun, microphone locatlions, diffusing elementsn, and, 1n effect, the entire
mensurenent procedure. Anyone planning to conduct reverberation room
peapurements should atudy theoe ptandards carefully,

i
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In the presept section, the relations among room absorption, source
loention, und pover output have not been ditscussed., Thene will be covered in
Section 15.3.

d. In 8itu

It ls not possible even to attempt to cover ull of the different types
of test environmentn that might be encountered in carrying out in situ tests,
In general, measurements should be made to determine the extent to which the
test environment approaches an anechole, nemi-anechoie or reverberuant
vnvironment, The typet of meapurements which should be made should be fairly
obvioun from the preceding discussions.

Whenever the uound source can be removed from the test environment, the
envirenmentnl influence should be checked by placing o reference sound source
at nelected points which define the boundmricy where the actunl source will
Le and then mensuring the sound pressure ut various distonces Crom euach
reference source location. Procvdurcs for correcting sound power
measurements for the influence of the test environment are discussed in
Sectlon 16.2,

123, Criterin for Bickgronnd  Noise

In pome locutions, particulorly for in situ measuremento, it moy not be
posnible to maintain background noise puf'ficiently below the noloe cmitted
from the vource for the background noline to be neglected. In that cane, the
mensured valuen at cach microphone leention may be adjunted using the
corrections gdven in Tabvle 3,

Theae correctiony are predicated upon the bockground nolse not belng
coherent With the noine emltted from the source. A an example of o case
where thin might not be true, the nolue from o ventiloting fun which emity
dinerete Lrequency componenty could have o definlte phane relatlon te the
nolae from the test gource when bBoth nre connected to the 60 iz line power.
Then the above correctionn for background nolve would be inappropriate.

In nome cdrcumatances, it may be difficult to scporate the noluve of o
porticular plece of equipment from the nolue of 1ta supporting equipment.
For exumple, 1n meanuring the nolse of & pneumntic tool, care has to be token
to ensure that the nolne from the ndr comprenser is not Influencing the
resultn,.  Inckground noloe meapurcments made with the tool innctive ond the
compresner operating might not be appropriate since the noloe from the
comprennor may increane when it 4n called upon to supply alr for the tool.

Ancther problem nrca s time=varylng background nolne. Connider an
outdoor tast pite fnirly near o highway., Duackground nolne meanpurementn have
Attle meanlpg unless one can be confident that the aversge background nolne
san the pame during the time interval when the noloe emitted Crom the nource
wWolg monsured.
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Tuble 3 Corrections for Buckground Sound Preupure Levela

Difference (in decibels)
between dound pressure
level meonpured with sound
gource operating and
buckground nound pressure
level nlone

Correction (in decibels)

to be subtracted from pound
prespure level mespurced with
uound nource operatlng to
obtain gound pressure level
due to sound nource alone

1.3
1.0
0.8
0.6

69
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124 Criteria for Temperature, Barometrie Presnure, Humidity, amd Wil

0. Temperoture

A messurement standard chould Include restrilctions on the allownble
temperature runge over which measurementn may be conducted and, 1f practicul,
provide corrvetions f'or the effiects of temperature. Temperature can affect
the meupurement results in the rollowlng ways:

=~ the performuance of the test nource may be u function of temperature with
the reoult that the noise emitted varleo with temperature even though
the operating loud appears to be constunt;

~ the propertles of the sir surrounding the tent pource nmay vary ouf=
ficlently with tempernture to affect the sound prevssure at the
meapurenent locatlons;

= temperature gradicnts or inhomogencelticen in the atmoophere coaude
refraction or seattering of the wound;

~ the acecurncy of the meusuring Inotrumentotion may be alfected by
temperature.

The acoustic impednnes of nir is affected by both tempersture and by
burometric presoure and will be dincussed in the section on baremetric
preanure. Absorption of sound by the air in influenced by tempersature,
bnromatrie prepours, and humidity; it i1l be dincunned in the sniection on
humiddty.

In making mensurcments outdoors over a reflecting plane, errors can
ocour due to refraction of sound arising from the variation of the npeed of
sound due to a steep tempernture gradient above the refllecting plane. Ouch
un ¢ffect would be expected to be particulnrly perious for nowrcea whilch emit
pure tones aml to be worse at higher Crequencien where the wnve length off the
sound i much shorter than the helght of the vource nnd/or the meapuring
microphone above the reflecting plunc. To o certain extent thin could be
compentnted for by multiple microphene locoatfonn or by traverpsing the
microphone over an approprinte path (nee Sec. 15.23).

It in difficult to goneralise on the eff'ecta of temperature on meanuring
instrumentation. The Amerienn ntandard for sound level metersf3?] Lneludes
the followlng atutement:

"1 Tempernture.  'The temperature range over which the nensitivity of
the nound level meter varles less thap 0.5 deedbel ot any (requency
shall be ntated by the mapufacturer. I this renge does not Lnclude the
oxtremes of ~10° to 507 C, the manufacturer shall supply temperature
correction valuen over that range. If provislon for internal

10
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calibration is made in the sound level meter, the monufscturer sphall
state the effect, 12 any, of tempernture upon the calibration asyaten,
und thence upen the self=calibrated gcund level metelr over the
temperature range of -10% to 90° €.  The monufacturer phall ptate the
temperature linits beyond which permanent dumsge to the gound level
meter muy occur,”

I it 1o intended to make mensurcments over o broad temperature range,
the instrumentation system should be calibrated over thnt range =- care
should be taken thut the calibration procedire itself does not huave
unaccounted=-or temperature effecta.

b, Borometric Preunsure

In Seetlon 12,2, 1t wou indicated (aee el . {12)) that in,u reverberation
chamber, the meun~aquare sound presoure 1o proportienal to pe'W. A similar
annlysin of free-CUleld radiation would show that the menn-square sound
preunure 14 proportionul to peW., Thun the computation of sound power
requires incluslon of a term of the form 10 log (pe“) lor reverberation room
sound power level® and o term of the form 10 log (pe) for free rfield sound
power level., These termu do not correet the datn to corrcapond to standard
conditions of temperature wnd barometrie preossure, but are simply part of the
procedure to enleulate pound power level from tound pressure level datn {or
vice versa).

The effect of a vardation in temperature and preossure on reverberation
room measurementa 1o more readily oeen by rewrltiog cq. {(15) oo

1(1 - “ﬂ) pncﬂz 002
I'H - Lpll ~ 10 log pmr el B 10 log | - aos |- 10 log ";()—L:z' 3 (32)
2

thun AT the coaleunlation were made uning a ntandard value, PoCy the
n n
correction term to be subtracted 1n 10 log (pc“/poco“}.
For free (lcld menturementn over nn imoginnry ophere at rcadiun 1 from o
point pource of power W, the menn~square nound preanure 1u

FrRy. I €5)
Amp?

from which the squation for power level lo seen to be

P e BET 17
Iy = L+ 10 2oglénr?) ~ 10 log [-,'-(‘;—U-‘i] ~ 10 log [pocn] (34)

HIf reverheration reom cslculationy wsre made using total room abnorption, A,
rather than reverberation time, T, to account for the power lopn nt the
boundariea and in thyg air, the term 1/V 1o replaced by cA/h, the e conceln
one of the ¢'a in pe” and the correction term becomes 10 108, (pc) =~ the
aame oo Tfor free-Cleld radiation, 71
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The dependence of 10 log {pe/p c ) on temperature and barometrle
pressure is ghown in Flgure 1h, fThe ¢ugve coEruuponding Lo 0°¢ ulso,,
reprevents the dependence of 10 log {pc™/p c 7) on pressure since pe® fu
independent of tenpernture. Thege dupcndcﬂc?cs gtem from the following
equationo, based on the {denl gas law:

- 1/2
1
- LU ) .
PE =P, nu ('l‘ ) (35)

where p c, ip the value of the weoustic repistance ot barometric presoure BO
and sbuolute temperature ﬂb, uni

2

o (30)

2
c -
0 CIR-

1
Tl

An otnted previounly, the above discunsion only concerns the influence of
temperature and barometric prevsure on the cualeculutlien of sound power level
rom the appropriate vound pressure level. It does not cerrcet the results of
o caleulation to correnpend to the neolsoe emission of o nource undel pome
atnndard conditions other than those which existed at the time of measurement.
Temperature and barometrle prespure dlreetly influence both the roadiated nound
power and the nound pressure at u particular locution, but in & manner thot ip
different for different types of nources. Sourcen with very high internonl
ucoustlc impedance (constant velocity sources} will be af'feeted differently
{from sources having very low internal impedannce (constent nesr~ficld
pressure).® In additlon, sourcen having different dircctionulity
characterinticn ure affected differently by temperaturce and barometrie
prupsure, Exprosniona for monopole, dipole, and quadrupole polnt sourcen,
radinting into a free field {air) bove been derived from equutions in Moroe
and Ingard[32, pp 306-318] and are listed in Table b for sound sourcen having
elther conatant veloclty or conntant near-~Cleld presoure. It enn be neen thnt
the dependence on teiperature snd the dependence on burometrle presuure can be
quite different for different typep of sources. Thus corrcetionn to standard
conditions cannot be mude reliably without nome knowledge of the
characterintics of the nolne nource.

A reluted phenomenon thnt also can affect the accuracy of acoustlenl
meapurements in the dependence of nound presuure level produced by pinton-
phonen, and other types of microphone calibrators, on barcmetrie pressure.

fhiea Seetden 15.1 for dincunsion of purticle veloelty, volume veloclty,
pear field, nand for Cield.
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und temperature for varlous types of gsound gources.
gent the rutes of change for the source in alr ot 760 mm Heg {1,013 x 10

{293.15 K).

Dependence of far-field sound pressure and radinted sound power on barometrie pressure

The numbers in pargnthesen repre-
5 I

Pu) nnd 209C

Typt of Jource

Constant Volume Veloelty

Conotant lear-l'ield Preoosure

mean=-tquarc presgure

cound power

mean=nquire preooure

sound power

Monopole

2 -2
nY /x
B ('10)
{,011 dB/mm Hg)
(~.030 an/°C)

-3/2
B f7 ) i/
lh TQ

{.006 ab/mm llg)
(~.002 du/°c)

(0 an/un Hg)
(0 an/°c)

I -1 o 1/2
(5) (=
0 o

{-.006 aB/mm lg)
{.007 db/ec)

Dipole

() ()

(.011 oB/mm lg)
{~.0h dn/°C}

B g1 \?
I (T )
Q [&]

(.00G ab/mm Ng)
(-.037 dp/ogc)

T =1
(lll )
o]
(0 aB/mn Hg)
(~.015 dB/°c)

(}.E )"1 (2: )"'1/2
D fl\

o o
{~.006 aB/mm Jig)
{~.007 4B/°C)

Quadrupele

1 a p .h
(%) (%)
{(.011 ab/mm Ng)
{~.059 an/°c)

.I.l. (_'L )""7/3
ntiT
o] [+}

{.006 dB/mm lg)
{~.052 dp/oc)

-l
i =~
o]

(0 an/mm Hg)
{-.030 aB/°C)

N . -3f2
&) (5)
(~.006 aB/mn Hg)
(~.002 an/ec)
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c. lhamldity

The two maJor effects of humidity on noise measurements are (1) the
el'fect on ubporption on sound Ly the alr and (2} effects on measurement
oyustemn.

Sound evnergy in attenunted by molecular sbsorption, by viscooity, nnd by
heat conduction. For o plune wave, the mean-aquare sound pressure will
attenuste with distance as

pz(x) - pz(O)cxp(-mx). N

Y
where p(0) 1z the menp-pguare presoure nt x = 0. Converting to nound
preguure level,

L~ L{O) - Mx , (38)

where H o= 4,363m i the attenuntlon in decibeln/meter. The attenuation coel-
flcient varica in o complicated mapner with temperature, humidity, and baro-
metrle prepsure. It ip larger ot high Crequenclen and, at normal
temperatures, peakn it rather low relative humidities, Representative curves
are glven in Figure 15. PFor ndditionnl information seel[3B, 39] and the
referencen therein.

The effect of air nhnorption iu quite important, especlally ot higher
frequencdesn, in reverberation room meagurements silnce, with hard walls, the
reverberation time ip severely limited by aboorptlon of sound by the air.
Thin reguiren that enre be taken to measure reverberntion times under the
same atmoapheric conditiona ns when pteady-~state sound encrgy denolty meag-
urements are made. Current nntionnl[29] nnd Internationnl]l0] standards
rerquire thut the tempersture t (°C) and the relative humldity rh (percent) be
controlled nuch that the product rh{t+5) docs not differ by more than + 10
prercent  from the value of thiu product which prevailed during the
meanurementg of the reverberation time (for the dircet method) or refercnce
sound source (for the comparinon method),

Even when carefully controlled, high air abuorption at high frequencies,
coupled with the fact that nound sources tend to be more directive in their
radiation pattern at high Crequepceics, coan moke it diff{cult to achicve a
Al fuse reverberant fleld that i sufflelently larger than the direct rleld
from the nource,

A major effect of high humldity on acountical measurement pyotems io
condensatdon of molnture in microptionen, remidting, in the cane of condenner
microphonen, in electricnl lenknge. Many condenner microphones are heated to
avold thim problem, Iigh humldity can alno lead to electrical lenkage in
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cables, connectors, or lnusiruments.
d. Wind

A overlous effect of wind on outdocr measurements is the extranccus nolse
generated Ly the wind blowing across the mlerophonea. In general, o wind
sereen dhould alwayn be used and & measurement stoandard should set limita,
snulogoun to thooe for background noise, on the allownble wind nolsoe[35].

Hind con aluo ipflucnce the propagation of nolse f'rom the souwrce. A
nhadow zone, inte which no dircet sound can penetrate, muy be cneountered
upwind from a oource because the typlenl positive wind gradient (i.e., wind
ppeed incrensing with helght sbove the ground) bends the sound rayn
upwnrd[ 33,351, If measurementn munt be made n conuiderable distance from the
source, tighter limitu (than for close~in measurements) should be placed on
nllewable wind speedn.

12,5, Criterin for Sire of the Tent Equipment

A glven tent fmellity should be sufficlently larger than the equipment
being tested to ennble neasurementg te be made outoide of the near field of
the nolse pouree. The Internatlonal Organizatlien for Standurdization draft
on laboratory measurementu in anechoice and heml-nnechoic chambera[1h]
recommendu that the volume of the noyrce be lewn than 0.5 percent of the
volume of the test room {e.g., n 1 m~ source muy be tested oo 200 m
chamber ). For large equipment, osuch u restriction would be Loo pevere for
practicallty. However, the mensurement ntandard sliould adequately addrena
thin point.

126, Criterin for Reflecting Surfuacen

A dincusnion was glven 1n Sectlon 12.2, in conjunction with the materinl
on meanurementn in o neml-anechiole apace, of the importance of the reflecting
plane having a very low nound sbporpticn. Thio coen be particularly difficult
in outdoor messurementn on large, or mobile, nourcen where 1t muy be
airfiendt ta find large paved arcan with sufficlently low nound sbnorption.
In general, measurements over grasn or soll nre not recommended =~ the
surfoct 18 pelther hard cnough to approximate n perfect reflector nor noft
cnough to approximate a perfect abuoorber.

Even when the gouree of the noive 1o very clone to the ground, no thuat
there are cupentinlly no reflectionn, difficultien may arine. A pound wave
traveling parallel 4o sn abpnorptive purfnace can lane energy into thist surface
if the "sound rays" pasa clone, in termn of wavelength, to the surface.

In sdditidon to eriterin for the reflecting plane, messurement standardy

should include restrdetions on the presence of nearby objlectn which could
reflect sound cnergy in ouch n way nn to influcnce the test results,
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13, listrumemtation Tor Noise Measurements

o Jhe meanwrement o tandard should require that cach inotrwnent mect
opevificd requirements of exteting nattonal or interngtional otandards.
For inotmencnty for which staidarde do not exiatl or where exioting
atandarde are not anfficient, the measurement otandard showld ineiude
apesific eriteria for cvaluating the performance of anch devices, e.g.,
for voureco which produce transicnt otgnale the otandard might Ltnelude
allovable tolerancea for syatem resporse to one or move well-defincd
transicnt cvents.

s The meqorrement atandard ahouid clearly otate the allewable toleranceu
Jor frequency reoponue, environmental cffects, harontie distortion, cte.,
which the Ingtmenents are required to mcet. Theoe specifieationa ohould
be applied not only to speeific components of the syotem but to tho
cvermall syotom ae well.

o e measurement otandard chowld require overall system calibration at
otipulated Intervaly, The fact that cach component of the ayutem appearsy
vattgfactory doet not cnoure that the syotem performance will be
accaptable.

s [he meanaemant atandaird shonld requive that the overall oyatem
meaaurement errop not bo degraded below that allowed for diveot
moauurementa, regardlene of the tnoatrwnentation configaation.

13.1.  Genernl Requirenieria

Inotrumentation for nofue mennurements connlsts, generally, of the
componenty shown in Figure 16, The sound prescure 1s converted into sn
electricnl slgnal by o microphone. This signal 1n amplificd nnd passcd
through & filter which welghto the varlous Crequency components of the siganl.
Tie filtered a-c oignal Ln then detected (usuully converted to a d-c value
equivalent to the root-mean-aqunre value of the a~c aignnl) and averaged over
an approprinte time interval. Thio detected nignnl 4o then displayed via gome
rend=-out device, The signal may be recorded on & nugnetic tupt recorder and
trought back to the laboratory for annlysis, I this iy necepaary, the
recording and playback operation should not degrade the overall meapureinent
error below that allowed for direct mennurementn.

MICRO~ AMPLI ~
PHONE FIER

FILTER DETECTOR READ-QUT

Filgurns 16. Schematdc reprenentation of Instrumentatlion for nound leyel
meanurements .,
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In ncountical measurements where o frequency nnalysis Is required, 1t
hog been traditional to uge a bank of band paos filters, and pwiteh through
them sequentislly to obtuln sound pressure leveln in ench frequency band.
More recently, renl—time analyzers have beeome avalluble which have puarallel
tilters, with detection und resd-out for each frequency band. The output of
these can be reand vioually or they con be interfaced to 4 computer.
Alterantively, the Instantancous velinge from the microphone can be pasned
through an annlog=to-digital converter which Is Interfaced to o computer.
Digital dato are taken at o rote at lenst twiee the higheot frequency of
interest. Filtering and deteetion are done digitully within the computer,

Any of these technlques 1a awceeptuble 1f done properly. In the dis-

cunplon below it will generslly be acpumed that the various elementu in Figure

16 urc anulog devices which cnn be treated neparately. lowever, the
meapurement standard ohould apply to the overall meanurement process and not
agpume any particulur configurstion of components.

132, Microphone und Culrle

There are n number of dif'ferent types of microphones in use. For
acountical mewsurements, condenser, electret, and piesoclectric microphonen
are mopt common although dynomic microphones nre ntill used occanionnlly.

The important fentures of microphones are frequency response, sensitive
ity, and (recdom from andverse environmental effecetp.  The Americun
standard[29] for reverberntion room determinationns oy nound power requires
that;

"I'he microphone shsll have a flat frequency renponse for rondomly
incident mound over the frequency roenge of interest. The microphone
shall meet the requirements of ANSI 81.12~2967. The microphone and 1ts
nonociated cable nhall be chonen so that thelr sennitivity decs not
change by more than 0.5 dB in the temperature rapge encountered in the
meapurement, I o moving mlieroplone lu uned, cure shnll bhe exerclned to
aveld introducing acouatical or clectrienl noine (e.g., from genru,
flexing cablen, or aliding contacts) that could interfere with the
measurements,”

An American atandnrd[h0] deseriben typen of lnborntory microphones that are
aultable for enlibration by nn absolute method such an the reciproclty
technique dencribed in the American ntandard for the calibeation of
mierophonealhl].

133, Frequency Resgonme of the Ipatenmentation Sytem
The Amarican[37] and internationnl[hiz,h3] standards for sound level
materp preocribe tolarancen on {requency responge, omnl-~dlrectlopal reoponne,
and the effects of environmental conditlionn.

The Amerlcean standard ntaten that:

(B
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"the frequenecy reaponse of the instrumentation calibrated for randomly
incident sound shall be determined anccording to the procedures of AlSI
51.10-1966 and the random inecldence response shall be uniform within the

tolerances ¢iven below:

Tolerance Linmits

Frequency
1z dh
50 to 80 + 1.5
100 to L000 + 1
5000 te 0000 1.5
10000 + 2 M

134 Weighting Network undfor Frequency  Amalyrer

If dircet measurcmento are to be made of the A~, -, or C-weighted sound
level, the meapurenent stoandard should eleurly reference the nllownble
tolerancen on the frequency wedighting., ‘The International stundurd for
preciolon sound level meters{h3] glves tolersncen for all three welghtiong
networka. The Ameriesn ptondard[37] defines three typous, or clapsen, of sound
level meter with different tolerances. The Amerieun Type L tolerancesn([37] ore
enventinlly 1dentienl to the internntionnl tolerances[h3] exeept below 100 1
where thoe American tolerances are tighter.

It ino anticdpated thnt frequency anilyses required for regulatory actiona
¥ill not require mesourements in freguency dando narrower than 1/1- or
1/3~octnven. The internationnl ntundnrd for bund-puns Lilters[Wh] defines the
center frequepclen and gets limitn on terminating impedances, effective
bandwldth, attenuntion in the pnon-bund, attenuation outuide the puna~band,
avernll tolerances, harmonice dintortion, and the effectys due to environmental
conditionn. The Americnn stondard[hiS] 1s o rother more detailed document
which eptablishen three clasves of bound flters, Classes I and IT for octave
band filters and Clanses X1 wnd II1 for half=-octuve and thipd-octnve band

filtera.

The cholee of a £1lter for o given measurement 1o based upon the accurncy
requlred. 'Ihe Londwldth error of o fdlter depends upen 1tn trannmisplon lous
al the band edgen, the nlope of the transmisslon loss characterlutic outside
the bund, and the input neise opectrum nlope. Appendix B ot [h%] dincunoes
the nubject nnd given datn and referecncen allowing oelectlon of filter
charnctaristien which will yleld mennurcmento f'ulling within apecified error

mits ot various nolse opoectrum alopen,

The internationnl tolerancen[h] are leas reatrictive than the Americnn
Clumn ITE but nomewvhat more restrictive than Clooss IT.,  The American ntandard
far determlnation of sound power in reverberntion roomu[29] requiren that "an
cetaye band or one~third octave band filter set meeting at leant the
requirements for Claan II filters of ANSI 81.11-196G, or latent revinlon,

8o
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shnll bo uaed." Internaticnul standards[10,11] and drof't standerds{12-14] for
Bom[m pover determinution spuclfy u band rilter set meeting the requirements
ot [M].

13.5 Signal Deteetion and Averaging

fhe electrlie signnl from & microphone 1s typlenlly comprised of the oum
of cowpontntn at mony frequencles. The messuring dnstrumentation sheuld
"deteot" the reotemenn~pquare value of this signal, defined as

T 12
: 1 ‘
Eems * [T 'l,; [e(e)]? (!L] (39)

where eft) 1 the time varying voltage and, T, the integration time, should be
long enough to provide adeguate avernging.

Muny voltmeters meagure the oaversge absolute vanlue of the gignal, defined
an

)

T
. 1 !
I"u\rp, - 71_'_/(; fe(e)] de . (40}

The value of E(w[r iy uniquely related to I for o oinusoidal nignal vo thnt

1'mo
Tectifled avernge detectors arc guite satinfactory for that purpose. liowever,
they can result in very lurge erroro lor more complex wignaln, ‘Pable 5
indicaten the error of s rectified averange meter for several typeu of aignnls.
Gince typleal neddne oignnls differ connlderably from purce sine waven, 1t in
important to speclfy a true rmo detector. The International standerd on
precipion asound level metern(h3) requires that inatrumentnation complylng with
that atondard be able to measure the combination of nignalu of two
non~harmonic frequencles to within 20.1 dl) of the true mms value,

After the slgnal 1o "deteeted", it in neceanury to carry out the
integration indicated In eq. 39. TPreferably, thio should be done uning a
"true integrator”, clither annlog or diglital. Many acountienl fnntrumentn
wtilize RC-nverngling 4n which the squared signal io the input to o low-pans
RC-f1lter. IL the rma value of the lnput voltnge to wn BC~iptegrator io
changed from one value to another (e.g., the syatem 1o switehed to o different
microphone or filter), the output of the integrator will vary with time ag

fiom Elu

~t/RC +Ey (L - “-IZ/IIC) H (41)

the initinl valua 1, decayn with a time constent RC and the new value I, in
approached m!ympt;ot}cnlly witih the pame time conntant. In terms ol the”
voltege change,

-5

1 ~t/R .
o k- et (42)
2 1
81
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Sine Wave

gine Wave Plus 100%
Third Harmonie in Thuage

gine Wave Plus 10073
hird furmonlc out of Phane

Square Wave
Guunsiun Holoe

Pulne Train: 100
on snd 90% oft

Pulne Troind 1%
on and 99% off

Frror in ronding of rectilied
ayerape mebenr

+0.91

~1.0h
~g.1h

-19.17
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Puble 6
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1 0.612

? 0.865

3 0.950

h 0.902

Y 0.993

6 0.990
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Tuble € shows this lunetlon for different times after the integrator input is
awitched from El to EP.

Thug if there originally was no Input to the Integrator, one should wait 5
time conutants for the output of the integrutor to be within less than 0.1 dB
of {to fipul value.® Gimilurly, {f onc wishes te tuke successive {ndependent
readings of the sume signal, an interval of several time constunts ahould be
ullowved,

For nendeterminiatle, or rondom, signalns (see Section 11} the averaging
time nmust be sufficiently long for the statistical error Lo become pmall
ecnough to be weceptable,  For bandwidth limited Gaussinn white noise, the
utanduard error (normalized) in the root-mean=ggunre pregsure (or voltnge) io
given approximately by

where T o the averaging time and HP is the effeetive bandwldth of the filter.
The 90, 95, and 99 percent confidende limitn for bunde of random noise are
ohiown in Figure 17 no functiono of bandwidth and averaging time. For
andditionnl detalls see [UG-hT].

In the catve of a determipiotic procesws, the averaging time depends only
on the reuponuse of the fliter and detector. That 1o, one must wait long
enough for the filter to respoud to the vignul and for the detector to reapend
to the niganl. I one defines the rloe time of o filter no the time 1t takeo
for resporne to rine from 104 to 90% of itu final tignal, then the rine time,
T dn 1 = 0.68/B_ where B fu the effective bundwldth of the filter. I an
ﬁa-inte§rator in fised in thie detector and a 0.1 dB error i accepted, compared
to the respongse to a unit atep change in voltoge of a true integrator, one
munt, walt 5 RC time conetantu. The total obuervation time should be

)
B
[H]

In most canes of concern, the rlse time will be muach lesa than 5 RO time
conutantn,

+ 5RC .

13.6. Rend-(rat Device

If the avernglng has been nccomplished by a true or HC integrator, the
rendout ean be in annleog form vin 4 meter or o ntrip chart recorder, or
dlgitally through a digital voltmeter or n computer, If the uveraging wan
done digltally, the reml-out would unually be vin n computer.

*he squurad veltage from the detector will contndn n-e components
superimponed on the memn~aquare valua, Each frequgney component will be
attenunted In aguared-voltage amplitude by (1/wfC)*, For nmall vnluen of IC,
thin can result in noticesble "ripple voltnge" puouing throwgh the integrator
AT there in conpiderable low frequency voltege present.
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Graphic level recorders are rrequently used Lo provide o time history of
gound level. When used for such purposes, the paper speed and, espeeinlly,
the writing apeed should be selected carefully and should be reported with the
resulto of the mensurement. When gruphle level recorders are used in
conjunction with o filter to provide rend-oul of frequency wnolyses, the
writing opeed should be carefully selected with regard to the frequency swveep
speed[h8,49].

It I quite comiion to use o olow writing speed on a graphie level
recorder in an attempt to obtain a long averaging time such oo might be
indicuted in reverberatlon room measuwrements, Typleally, there 1o an RC
integrator, followlng the uquure-law detector, which has o low effective
averaging time .. Ihe writing speed of the recorder In eflect aceta oo
another integrator with an averoaging time T,. Thus the recorded level is

! T, . 7, 1/2
A - T f T‘f [u(t)]z de dt . (43)
2 Jo N Jp

It T, > 1T,, the system 1o unotable. However, I T, it chosen to be much
grunl’cr tlinn . and the frequepcies of the fluctuntiunu in the detector {nput
level wre of thie order of 1/T, the recorded uignal level will be the "mean
detected value'" (L.e., "mean Pmu"). This quantity is of dublous phynienl
meaning and Crom a theoreticul point of vicew 1L would bLe better to inercanc 'I‘l
and eliminate the pecond integration[hG].

137, Teamvdem Kespume of Listoumentition Synlem

Although nolne mennurcment inotrumentntion with different principles of
operation may be calibrated to yleld the same results on ntendy-state oignalo,
puch may pot be the cane for transient effecto nuch as motor vehlcle puso-byu.
For ope example aof' the differencen among various mensurementn of thme-varylng
noise, oee [50], It in recommended that measurement ntandurds for sourcen
which proditce trunslent soundn lnclude npecifle eriterin for syutem recponuse
to one or more well-deflped translent eventy (c.g., a pure tone that in
amplitude-nodulnted 1o a specificd manner).

1348, Calibration and Maimcennnee of Lostesmentation Syslem

An ncousticnl dnotrumentuation oystem can be qulte complex. Accordingly,
It 1z neceannry to callbrate the oversll vyutem frequently and not to rely on
the nyntem performance belng acceptable almply becnune cach component of' the
wystem uppencs noatinfactory.

The Americen utnndard for the meavurement of pgound preugours levels[8]
includan the following stotement with regard to calibratlon and maintenance aof
inatrumentation:

"Ihe instruments uwsed Cor the ncoustdenl muspurementn phall be pervicod
at least once every twelve monthse in nccordance with the monufacturer's

RS—" T D L I e i i LS SR P TP O

BONT e

g U Y



X400 TIVINAY 1858

Instructions. “This shall include checking the performance of all
mechanicenl components and clectrienl efreults and reploacing subotandurd
items. The date of most recent servicing shall be written on togs
uttached to the instruments.,  To ensure thut the eanlibration of the
equipment has not changed during o serles of measurements, the
instrumentotion system ohull be calibrated acousticully wsccording to the
manufseturer's inotructiona. A comparative caulibration provided by o
sound=level calibroator or pistonphone of known sound pressure level io
ununlly aatisfuectory for this purpose. The frequency responce of the
complete instrumentntion system shall be checked periodicnlly to insure
that the requirements of $5.h.2 are satisfied. For the luborntery method,
microphonces shnll be cnllbrated by comparlvon with reference stundard
micreophoncs which ure callbrated wccording to American Hational Standard
Method for the Calibration of Mlcrophones, $1.10-1966 (nce Svetion 12)."

139, Preenution w be Taken When Seleeting lustramentation

The fellowing in aluso taken from the Ameriean slandard for mensurcement of

sound pregsure leveln[8]:

"5.7.1 Precautions (Field and Luboratory Methods)

5.7.1.1 Wind (Fleld Method Only). %o perform sound pressure level
menourements dn o moving air stream, o oultably designed winducreen or
nose cone shull be utilized to mindmize the influence of the alr otroeom
on the output of the microphone. o auch precaution is necensury if the
wind noine 1o 10 or morc decibels below the niguul belng measured in cuch
{requency band of interest, Corrections for chungen in microphone
nensitivity for the windoerecen o nose cone uned during the meapurementn
nhall be applied to the oboerved sound prespure levelu.

5.7.1.2 Humidity and Tempernture. Mpgh hunfldity or temperature
will change the nenpitivity or dumnge many types of microphoneu. The
microphone munufacturer'n inotructions shnll be carefully follovwed to
avold such eflectn,

5.7.1.3 ligh Sound Pressure Levels, Many picroclectrie,
moving-coll, and capncitor microphones may be wned for the geasurcment of
pound presaure levels up to approximately 140 dAB re 20 pli/m“. At higher
leveln, specially designed microphones with atiff diephragms shall ba
uned:  these shall be ealibrated at the levels to be menuured and, 1
ponaible, over the entire frequency range of Intercst. At high nound
levels, specinl preeautions shall be taken to ensure that "microphonicn”
are not genernled by the tranominsion of mechonleal vibration to the
microphone or inntrumentntion. 'These include:

(1) Inntoalling the microphone nnd instrumentation on n aof't
monnting,

{2) Removing the inotrumentation from the high sound levelpn nnd
utilizing long cublen: precauwtlonn are neceapary Lo minimlze cable i
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noige, that is, the noloe produced when the cable itself 1g sublect Lo
vibration or flexing.

(3} Instulling the Instrumepntation behind sultable barriers or
cnclosureg: o mechanically sof't mounting shall be uped for the
lovw-penoitivity microphones that are utllized for the measurements of
high sound levels.

{(h} Determining clectricul noige nnd possible "microphonien”
problems by replacing the microphone with o highly inscnaitive (dummy)
nicrophone.

5.7.1.4 Low Sound Preasure Levels. A microphene used to measure
low sound prespure levelo muat have high senpitivity and low internal
noluoe, When connected to suitable low-noise umplifiers, many
piesocelectric, moving~coll, and cupncitor micerophones are pujftable for
neagurementn ol sound preasure levels below 20 dIY re 20 uli/m”.

5.7.1.% Low=Trequency leloe. Pleroeleetric and vome capucltor
mlerophonens ure oultable for measurdng sound preosures at frequencien
down to fractions of a hertz, Speclad wmplifiers nre required for
measuremento of low-frequency nolue,  The low frequency sensltivity of
o mlerophone may vary considerably from the mid-frequeney nenoitivity
due to the presence of o pressure=-equollzing lenk. Calibratlon shall
be performed over the frequency ronge of interent,

5.7.1,6 High=Frequency Nolpe, For mensurements sbeve 20000 Hz.
mindature capacitor or pleroelectrle microphonen ununlly give the mout
natinfactory renuwltn.

57107 Jlum Plekup. When sound pressure leveln are to be meanured
near eleetrical equipment, o moving-coll microplione nhall not Be uned.
The instrumentation shnll dbe checked to moke certain there f£0 no hum
plekup in the inatruments themselves. Hum cnn be reduced by moving the
Inatrumentn sway from the nource of the magnetic fleld or by nelecting o
proper orlentatlion of the ipatruments with reapect to the magnetic rield.

5.7.1.8 Cables. When o enble 1n uned between the microphone aud
the acouwntlcal lnstrumentation, the nyntem phall be coalibratied nccording
to the manulacturer's lnntructions with the cable in uae.
5.7.2 Precoutions (Survey Method). flound-level metern with integral
microphones are generanlly not auituble for a mennurement progrmun that
requiren thue obnervance of the gpecinl precoutionn-of 5.7.1.
5. 7.3 Addlticnal Effectn on Measured Data

5.7.3.1 Effeet of Observer and Meter Cnoe on Meamured Datn

5.7.3.1.1 Ourvey Method, The nound-level meter ahall be held in
front of the obuerver, The obaerver nhell be orlented with' reupect to

a7
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Lhe principal sound source so thot the sound enerey serives at the
microphone from the silde unless some other orlentotion Lo specified by

the inotrument manufacturer.

5.7.3.2 PField and Loborotory Methods. In order to minimloe the

obataele effeel cnused by Lhe insertlon into the sound tield of the
sound-level meter and the experimentor holding it, the microphone shall
be connected to Lhe sound npnlysls equipment by menns of an appropriate
cable or extension conncctor snd mounted on 4 tripod or other suspension
gystem.  fhe obgerver and ull acountical Iinstrumentntion except
microphene(s), nsgociuted prenmplificrs and cables shiould be locnted

outolde the tent aren.
5:7.3.2 Microphonec Response and Orientation

5.7T.3.2,1 Geperal. The microphone ecalibration applied to compute
sound precoure level shall conf'erm to the way the microphone is used in
the mewspurement; for example, ree<tleld calibration ot the appropriate
snglie of incidence. It should be recognized thnt microphone culibrations
urce often furnished in terme of the preuscure response, which may differ
from the free~fleld reaponoe at hipgh frequencies by oo much as 9.5 dbB tor

onc=ineh diameter microphones.

»3.2.2 Survey Methed, See 5.7.3.2.)

-

5.

5.7.3.2.3 Tleld nnd Loboratory Mcthods. The mierophone shall be
orlented with respect to the source so that wound striken the diapliregm
nt the angle for which the microphone was calibrated to have the floatteot
frequency responue ehnracteriotic. The varintion of the responuoe with
frequency shall he taken dinto sccount In each Lrequency bund for maximun
accurncy . It should be noted thoat microphones are upually mont senoitive
Lor nound propogating pernendicular to the mierophone dinphragn.
However, the angle required to obtaln the Llattest responoe vu frequency
will be s functlon of the microphone denipgn, It 1o dimperative that
relinble calibration duta he wed to determine the angle of operation far
the flattent renponse, It phould be noted that o microphone may be
extremely nenoltive at high frequenclen to smnll chnpges in orlentation
for nound waves arriving parnllel to the diaphrapm. Therefore, during o
measurement of nound which containn significant high-frequency
componenty, it in advisnble to maintndn the mlerophone orientatlon Lo
within + 5 degreea for the nurvey and field methodn and to within + 2

degreen for the lnboratory method."
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14, Installation and Operation of Source

e The mequurement gtandard vhowld speeify that the degiee wider test be
located in fLto wae configuration or alternatively the locaticn should be
governed by the teel crvivonment wid the quantity to be meantred, eog.,
sonree located near the center of the room Jor ancchoie meanaanents of
aowrid power.

s The measuremont otandard ohowld opeetfly that the device wiler teoat be
mownted wunder conditions similar to those recowmended for noral
tnatallation. Care dhould be taken to enowre that (1) adequate
ioolation fu provided to minimioe extrancous airborne notse due lo
vibiation cxcitation and (2) the proceve notee dova not cxeeed the gound
of the device ttoclf.

o The meaourement otandard showld requive the tnput mass and energy and
the onutput encrgy to be brought to and removed from the source wnder
teat without fnflucneing the quantity being measuwred,

o g meauurement otandard should opeelfy the meber of operational modus
under which teata are to be carried out.

o The meaowrcmaent o tandard ahould specify the cetent of the loading and
the manner of applieation o) the load to the sowrce wnder teot go these
are vimilar te actual uoe conditions whercver posaible.

The noloe level produced by o npecilic device ls not only dependent upon
the pound radinting characteriutien of the machine itoelf but also on the way
the machine Lo operated und/or instnlled and the wpeelfic eavironment in
which 46 in uwoned. In wetting noloe limits for such devicen through noine
emlinnion or labeling standardo, test proceduten and measuremept methodology
rhould include such itemn an loading, opernting npeedn, installntion
requirementa, and the loeatlon and speclfication of needed nuxiliary
equipment,,

14.). Sewree Lovation

Jound pressure level measurements for a given device are obtnlned by
menourdng at o npecified dintance from the pource In essentinlly free-fleld
contlitionn, For sound pover determlnutionn, in sn acousbieally controlled
environment, the source is usunlly located nenr the center of the room {or
anechole measurementn, near the center of the floor for hemi-nhoechole
meanurements, while for reverberant menpurementn the tsource dould be loented
at various locatlonn. FMopr devices normally mounted on or aguinnt a wall,
they should be teated in their "use conflguration.”

Aa an example of o typleal souwrce locotion npecificatlon, connfder
Ameriean floclety for Heating, Refrigernting, and Alr~Conditioning Englncern

a9
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Standard Methods
Alr-Conditioning Equipment! 511:

For Testing for Sound Kating Heating, Kefrigerating, and

5.1 EQUIPMENT LOCATLON

sound Least room in n

The equipment to be tested shnll be ploced 1o the
1.)

position representetive of normnl usnge (see Fig.

Fqulpment normuelly used

5.1.1 Egquipment Used Against oo Wall:
5 L from n

ngainst o wall ahall be posltioned agnlnot o wall, at least
corper of Lhe room, and not on u center line of the wall.

5.1.2 Bguipment Uscd Away From o Well: Equipment normally mounted
on the fleor or ceiling away from n wall ghall be located no closer than
S 't to any wall, and away from any position of room oymmetry.

5.1.3 Equipment Mounted Through Window, Woll or Ceiling: Equlpe
ment normnlly mounted through a window, wall or ceiling shall be mounted
through the wull or celling of the tent room und sholl be loented nt
lenot 5 £t from any corner and avwny U'rom any position of room symmetry,
except thot equipment normally mount‘.cnull near a corner phall be loented at

the normnl dintance from sueh corner.
A\

v ,’7\

’ A

3
Q/” /“
s
-

A = Equipment loeation, Par. b.1,2

B » Equipment location, Par, 5.1.1

C » Fquipmentincation, Par, 5.1.3

D = Diame tar of clreudar microphane traverse

BE ~length of microphone traverse (pre or
linear)

P = Location of reference soand nource, Par, 5.2

X = it minimum

Fig. 1 location of Equipment 4n the Teut Room
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Except for devices normully mounted on or sgainst walls, the mogt eriti-
cal requirement s that sources pot be lucated nesrer to o wall, cedge, or
corner than a distunce of approximstely A/l, where A Io the wavelength of the
lowest frequercy of interest., When sources nre located nenr reflecting
ourfuces the sound power output is changed,

142 Bvuree Mounting and Installition

The acountle radintion of a device cuan depend on its ipstallation. In
general, the deviee to be tested should be mounted under conditions similar
to thooe recommended by the manufuctuwrer for normal installation. I a given
moachine 1z to be vecurely bolted to n heavy concrete floor in une, it should
be tented that way. Many times 1t g imprectical to nimulate mounting con-
ditions ouch ag exiot in the actunl machine Installation. In thio enpe, the
ugunl alternutive 1o to use u very resilient mounting., Since deviees cnn
produce forceps which moy excite vibration in the buse, fleor, or surrounding
ntructure, and sinee these moy in turn preduce alrborne nelse, precautianu
showld be tuken to ennurt that adequate vibration iuolatlon 1u supplicd vo
thnt extrancous airborne nelves of thin type are minimized.

The mounting opecifications should be well~defined -~ either the innl
ute mounting configuration or a resilient mounting ohould be utilized., Tentn
showld not be conducted using other mountingo. Aa an cxample of the level of
datail needed to adequately speelfy the mounting/installstion of the device
during test, Mmerienn Scelety for leating, Refrigerating, and
Adr~Conditioning Engineery Stundard Methods of Tenting for Sound Anting
Heating, Refrigorating, nnd Air-Conditioning Equipment{$1] is ngain cited.

"5.h.3 To minimize wall vibration cffectys, the mounting wall ohall be
of heayy masonry or equivalent, or an auxiliary mounting pletform
almilar to that ophown in Fig. 2 shall be provided,
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5.0
instructionno.

The equipment shall be mounted according to the manufacturer s
Openings betyween the equipnent coaning and woll sholl be

sealed with o gasketed sound isolotion plug animilar to that shown in

H
Fig, 3,
Giashat (Foamey
[ Taut Unig Iubirr ar Louiv.)
- —_ Plyg Faisd
‘ ra wolh an
Wan . 4 iher -
' Imulation or
Lguivalant

- I, —~
IV, {

Lo e e

LIS

1. 3 Typical sound foolutlon plug

f——m - o o

Qathel ~—

(Foamad (ubber)
or Lauivaient)

Mounting problemn during teust are not limited to statlonary cquipment.
For instance, the Comprenced Afr ond Gan Inntitute - Teut Code for the
Measurement of Sound from Pneumsntie Equipment[52) specifies that in cases
vhere the procens noinse far exceeds the gsound output of the machine itoelfl,
e.&sy Piveters, ohd 1t 1o necepoury to consider the machine on ito own, ™t
phould be run with the working tool embedded In o phock sbporbing body whone
pecondnry nound level is at least ten (10} dB below the muchipen own output

in each cctave bond of interont,
or running on rulber, aand, cte.).”

(For exnmple, the tool in to be embedded in

For in-pitu measurcments, either indosrs or out~of-deors, made on non-
ntationary nourcen, a.g., motor vehiclen, no specinl provislonn oare upunlly

necensary concerning mounting or instnllation.

140, Auxlllary Eeguiprnent

In general, machines are governed, by the conservation of energy prin-

ciple relating the balance of input/output encrgy.

Far example, the foel

(gnaoline) thnt 1s used in an automoblle 1o converted into power {including

noine and vibration} and heat durdng the combuntion procent.

It should be

obvious that thin energy £low must be nceounted for durlng nolse measuremont
tenta, cspecially thone conducted in enclosed spucen such an snechole op

reyerbaration roomn.

If u car 1lp to be teoted in oan anechioice room, the room

munt be conled to dissipste the hewt produced by the combuption process, the
exhauet ominaionn muat be removed Crom the room, nnd the power to the wheeln

mint ha dissipated through a dynamoneter.

R e L R e
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In the cuse of an automobile the output energy i the main preblem.
devices which operate on vlectrieity, the input energy 1u alao o problem.
good power supply io necespary to supply any plece of electrical machinery
during test. Machine noise may be influenced by irrcgularities in the povwer
supply output, HNoloe In alternating current motorn muy be influcnced by
voltuge unbnlance und/or harmonic content; nolnce in direci-current motors may
te aftected by ripples 1n the power nupply.

A

Auxillary equipment may anlso be a problem out-of~doors. The dienel
train locomotive, for instance, incorporates a diesel engine which driven an
eleetrlenl generator whlch In turn provides power to tractlon motors on euch
nxle of the locomotive., The dienel engine {io woter cooled and utilizes
water-to-nir heat exchonge radiaters and agpocisted cooling fann. Dynnmic
braking 10 uged on muny locemotives to glow the locomotive and train ot
higher speedn or on steep grades., This is secomplinhed by diveonnecting the
truaction motors f'rom the muin generator and uning them an generators. The
high electrical currentp that reoult are dissipated as heat through heavy
duty resister gridos with the uge of neparate coolipg fang located in the roof
of the locomotive. When such a locomotlive in evalusted f'or noine emlssion
utlldsing o statlonary test, the generntor load output muut be dissipoated
into a reniutor grid loud box. This lond box fucllity muuot be inolated from

the locomotive under teut oo that the grid cooling fan neoloe will not afleet
the meapsurements.

The banle requirement in that the input musa and encrgy -- gaseline,
afir, eleetricity, cte. -~ and output cpergy -- power, heat, ailr eminsionn,
ote, -= be brought to and removed from the device under teost without influ-
encing the quantity belng measured.

Such requirements should be apeecifiled in the measurement standarda,
Americnn Soclety for leating, Refrigerating, and Alr—Conditioning Inginecrs
Standard Methodo for Testing for DJound Rating Heating, Hefrigerating, snd

AMr-Conditioning Equipment{51) atlpulates the followlng requirementn for
auxllisry equipmens:

5.5 AUXILTARY FACILITIES NOR SOUND TESTING AIR CONTROL & TERMINALS
{ACT) DEVICES

5.5%.1 UGeperal

5.5.1.1 A quiet alr asyoutem shall be provided nnd arranged to
abnorb sound generated by the fan or duct aystem so that 1t doen not
affect meapurementy of sound power generated by the ACT device.
Correetion to gound meanurementyn for background nelnme from the fun or
duct syntem nhall not be permitted.

5.5,1.2 Dnchkground scund entering the tent room through pnthn not
involving the ACP device are corrected per Table III, provided that the
background aound level in the teut room 1o meanured with the air duct
into the teot room blanked and the axterdor noise sghall not excacd that
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to prevall during meusurement of the gound gencerntlon of the ACT Jevice.

5.5.1.3 Adr flow control scceaperles (damper, dellectors,
struighteners, equalizers, etc.) normally uped in conjunction with the
ACT device under tent, whether an integral poart of the deviece or not,
shuall be ineluded In the test setup. They ohoell be loeated and set in
the pame munner recommended for the application of the ACT device.

5,5.1.%  ACT devicen shull be tested with an outlet duct of
recommended olze terminating in the test room. In addition, ACT devices
vhich are recommended to be used in combination with lined ducto, cllo
or nllencers nhell be tested together with thene with on outlet duct of
recommended size terminating in the teot room.

5.5.1.5 When required, return air shall be vented from the test
room throvgh a sound trap to prevent prespure build-up within the room.
All pound measurementy of test cquipment, reference sound messurements
of teut equipment, reference scund nource and background nolse ulinll be
made with the return pound trap in ploce in o consintent manner, per

Par. 8.1.2."
144 Qperation of Seuree During Tent

Ihe ronge of nofue levely generated by a device lo dependent on the
range of operationnl moden., A noine emiosion or lahellng standoard phould
specify teotn ot o aulficlent number of operntionnl modeus to [ully charscter-
ize the device, ¥or exsmple, u truck 1o charncterized by two operational
moden although the vohicle cuan operate over a wide range of apeoeds under the
vordoun londu, Low speed operatlon in meapured by s maximum ncceleration
teat {ongine/exhuunt nolne) while high opeed operation in meanured by n
coantby test (tirc nolpe). 'he Soclety of Automotive Englneera Recommended
Practice Tor the Exterlor Sound level for Heavy Trucks and Busen[953] definen
in great detnll the operationnl procedure for mensuring maxdmum noine:

"h. TProcedure

4,1 Vehicle Operation - Iull throttle ncceleration snd cloned
throttles decelaeration tents are to be uped. A beginning englne upeed
ond proper geoar ratio munt he determined for use durlng meanurementa.

h.1.1 Select the highent rear axle and/or trannminsion genr
{"higheat gear' 48 uncd in the upunl pepne: Lt in oynonymoun to the
iovest numerdeal ratio) and an inltial vehicle ppecd such that ot
wlde-opan throttle the vehicle will accelerate from the ngeeleration

point:

(n) Btorting at no more than two-thirds (6GR) of maximum rated or
of governed engine npeod,

{b) Reaching maximum rated or governed engine speed within the end
zOna,
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e e el [T IR TS NP R




AdO3 TIBYINVAV 1538

{c) Without excecding 35 mph {56 km/h) before renching the end point,

%,1.1.1 Showld maximum rated or governed rpm not be attalned
Lefore resching the end gony, decrvuse the approach rpm in 100 rpm
increments until maximum roted or governed rpm 1o attained within the
end zone,

h.1.1,2 Should maximum ruted or governed rpm not be attained until
beyond the end sone, pelect the next lower genr untll moaximum rated or
governed rpm 1o ativined within the end zone.

4.1.1.3 Should the loweot geur otill reoult in reaching maximun
ruted or governed rpm beyond the permiosible end sone, unload the
vehicle and/or increase the approuch rpm in 100 rpm inerements until the
maximun rated or governed rpm io reached within the end zone,

4.1.2 For the ncceleration test, approsch the weceleration polnt
using the englne speed ond gear rutlo nelected in paragraph %.1.1 snd ot
the neceelerution point rapldly cotablish wide-open throttle. ‘fthe
vehicle reference shall be an indicated in puragraph 3.7. Acceleration
shall continue until maximum rated or governed cngine speed in reached.

h,1.3 Wheel nlip which affeetu maximum pound level must Le
avolded.

h,1.h For the deceleration teut, appronch the microplione peint at
maxfmun rated or governed e¢ngine npeced In the gear nelected for the
accelerntion tent. At the microphone pelnt, close the throttle and
allow the vehlele to decelerate to one~halfl of maximum rated or of
governed cngine Aapeed., The vehicle reference shall be an indicated in
paragraph 3.7. If the vehicle in equipped with an exhaust brake, this
decalaration teat 1n to be repented with the bLrake full on immediately
following elosing ol the throttle.

.2 Measurementa

h.2.1 The meter ohinll be ot for "faat" responne and the A-
wedghted network.

h.2.2 The meter shall be cbaerved during the period while the
yvehicle 1n accelerating or decelerating. The applicable reading shnll
be the highent sound level obtained for the run, ignoring unrclated
peakn Aue to extrancous ambient nolses. Readings ohwell be token on both
niden of the vehicle.

h.P.3 The pound level for ench pilde ol the vehiele shull be the
average of the two highent reandingn which are within 2 dB of ench other.
Report the pawnd level for the alde of tihe vehicle with the higheat
resdings,"
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An operntionnl procedure for measuring tire nolse would include the vehicle
gpeed, leond per tire, and the pavemenl purface on which the truck could run.
In thiv case the pavement surfuce not only hag an af'feet on the propsgutien
of sound but alse on the sound generntion procoesao.

Devicen such up dishwashero ond clothes washers operute uccording to a
preocribed cycle and the nolse levels genernted depend on the particular
operational churacteristico of eunch indivldunl portion of the totnl cycle. A
measurement during o single operationsl mode for such a deviee would be
menningleosy. To {ully characterize guch devieeun, a measurement wouwld have to
be mude durdng the ringe operation, the water £113l4ng operation, the
upin-drying operation, cte. Thip iu somewhsat annlogeous to the wir eminoion
tests conducted on automebilen in which emiosien mensuremento wre made while
the vehicle runs through o preveribed series of operations known as the
driving cycle.

the Conpresned Alr and Gup Inptitute - Europenn Committee of Manufact-
urers of Compressed Alr Equipment Code for the Measurement of Sound from
Pneumatic Equipment{52] speeifiecs for percusaive machinea the working
preasure, the materlisl to be penetrated, the depth of penctration and the
feeding foree. For other pneumatie tooly tests are to be run at no-load
{running frees), at o rated load and vpeed, nt governed onpeed under loud, ot
1dle, at maximum performance, cte.

To accurntely characterdse sources having noise levels dependent on the
manner in which they are opernted, operational constraints, in conjunction
with precine measurement and calibration procedures, should be incorporated
into the ntandard messurement proceduren,

14.5. Loading of Equipnent During Test *

A garbage ddoponal obvioualy will produce n different nolue level when
grinding bones than when grinding regular food. Likewlne, a dryer with o
load of regular wanh tumbling sounds very different than 1f neveral pairno of
tennis shoes are drying. For such devices there 1s a need for o "ntandard
lond"” go that comparinons enn be made umong the noioe leveln produced by such
equipment,

Stntionary teats on moving cquipment require o different type of londing
apecification. In puch casen a dynnmometer or brake may be utilized to apply
8 apacified lond to the device under test, thus simulating the road lond
characterintic of normanl vehicie operntion.

The statlc load carried by a vehiele wnlno han an influence on the noine
gonerated by the vehicle. For ipntance the lomded vehicle welght influences
the noine generated by tires. Depending on the tread denign, the influence
crn he pignificant.

The eperational procedure can be nuch that the loudlng 1i not infpnrtrmt.
Teuts wun according to the operational procedure specified in SAR J366u[53])
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{aee See. 140 ror detallo) are intended to yleld the came nolse level
whether a tractor ig tested by itself or the troctor is pulling o lond of
T0,000 pounds, ‘The operational procedure specified hopefully eraouren that
the engine 15 loaded properly and thun the oud pulled Io not important.

The extent of the loading nnd the manner of applicotion of the lond to a
device under teut are importunt conolderationa which should be gddresned,
Loading ohould be uimilar to actunl use condltions wherever possible and
operational procedurco ushiould include londing requirenentn along with thaose
for npred, gear velection, upd other operatlionul purnmeters,
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15, Measurement Procedures

o The meanawement o tandard ohould speeify the location of all mierophone
poottions.

s The position of the vource with respect to the test environment phould
be defined. If (for example, in reverberation room meacuvementa)
multiple eowwroe positions may be indicated, eriteria ohould be given for
agecrtaintng how many gource positions are required in order to attain
the deaired level of precision and aceuwracy.

o The muuber of obscrvations, and the averaging time for cach, neecssary
Jor cach vound level measurement vhould be apeeified in the measuvement

standard,

o Criteria chould be given to enable determining whether the uee of
diffurers 1o tndicated in reverberation room measipcments.

& Procedurce for determining backgrownd noise ohould be opecificd,

o Toehniguer and proscdurca for characterising, or "qualifying' the teot
envtromment oliould be olearly faid ont in the meanurement vtandard.

o Inotmenuntation and faeility calibration vequivements and procudurcy
vhould be given.

Previous sectlonn of Part IT huve included discunslons of the ncountic
qguntitics of concern in nolue menuvurements, the types of ncountic
civironments aad how they relute to measurementy of sound pressure and
sound power, inptrumentation used for acountic menuurements, and the
influence of the wny the nource In instnlled and opersted, In the present
sectdon, these fnctors are incorporated inte m discuosion of overall
proceduren for conducting ncoustice meanurcementi,

15,1, Genernd

It 1s epnentiol to Keep in mind that the sound power radinted by o glven
pource, and the nound prensure ut any glven location relative to that vourca,
¥ill depend upon the acounticnl propertics of the enyvironment in which the
nsource in locuted, the transmiaosion path{s) between the source and the
mlerophone, and the properties of the enviropnment 4in which the microphone in
locnted ~~ all in nddition to the praopertles of the source Atnelf,

For & mora complete dencrintion of uoug:i propagntion 1n n medlum, it in
useful to introduee the porticle veloclty, U, in addition to the sound
presuure, p, and the density, p. If the neouastie prennure and particle
velocity can De expresned as hormonic funetionn, then thene quantities® arc

related by

*An underlined symbol denotes n complex quantity having, in genernl, both renl
and Amagipery parts. An arrov over o symbol denotes a vector quontity.
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3
vhere w = 271 1o the elrewlar Crequency, i = -1, and v designates the
gradient operator.

In genernl, p io of the form l’ci'bc-jml', where I 15 the amplitude and
io the phuse angle ot t 0. In ncouut}lrﬁn it 1a cuntomury to supprens the
time dependence nnd oimply write p = Pe”™'. With thin convention, the
time=nversge power per unit arcen, known nao the intensity, fa

1= (i), = 3nc () = 2ne (piin) (h5)
« - (pr o pitn) (46)
= Prpa ﬁrmu con 0, )

wheru() denlgnaten n time avernge, 0 1o the phase angle between the
acounstle prespure nnd the purticle veloelty, and "rmo" indicates the
roob~mann-pquare values of preanure and veloelty,

The totul tLime~nvernge power flow across any cloned surfnce surrounding
the wource in

W nﬁ-ﬁ df} (48)

where n 1s an outward dirccted unilt vector perpendiculne to the elemsntal
ourfnce aven, d3. The Antegration in over the ontire cloned nurface., 1In
termn of the root-mean-aquare presoure and velocity,

H
! pyith]

H "'\nf\l’mﬂ %o con 0 as. {L9)

fiince W representa the total radianted power, 1t in independent of the nlze or
ahape of the aurface of integration, providing the medium Lo non=abtaorptive.
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Ideally, the totnl sound power emitted by o source would be determined by
direct application of eq. (h9). Although there have been "intensity meters"
conotructed (e.g., see[55-61] and there i current interest[62] in this method
of wound pover determinntion, intensity meters are not commercinlly availuble
oand there are certain difficulties in applylng eq. (49} to reml-world

situationn[63].

It aloe 10 of intercst to conoider the cnergy denaity (or total cnerpgy per

unit volume), w, in the medium through which the sound is propugating:

Z
wep Ao (59)
2 pe2 2
¥
where po = |pl2 and u? = Jul®,
AL suffiedently lurge distences from the gource,
m {5la)
il 2
7] - 25 (510)
pe
]f‘ + peu® {5lc)
w o P (51d)
ped
W pul (31e)

The reglon where all of thene relations hold true in known oo the fnr
field. The particle velocity Lo in phase with the ncountie prensure (ay in
the case for o simple plane wuve) and there ip no renctive component of
energy denalty. fThuu all of the energy denslty ius radiant energy. In the
hear-field region, clone to the source, there Lo n large component of the
particle veloeity which s out of phate with the acoustic prouiure,
reaulting in reactive energy vhieh doen not radiate outward[ 32].

inece inotruments for dlrect meanurement of mcoustic Intennity sre not
gennrally avnilable nnd aince, over the Trequency range of intercot for many
noina sourcen, acountic pressure can be measured more readily than particle
velondty, 1t 4n ecuatomary to earry out determination: af the nolne emlonion
of apurced by menuuring the mean~aquarc pressure and assuming thet |1|=p"/pe.
Note that this snpumption {n often implicitly made whether or not onns in
interested in computing the aound roYer. If one measures the sound level due
to, say, o motor vehicle pnasby, onc wishen to bLe able ta prediet the vound
level at other distences from Ehut measured ot o particulnry distanece == thin

1mplicitly requirea that I « p“,

If it ip denired to determine the total nound poWer from meapurementy of
mean-square preamura, eqn. (h8) nna (§9) nre replaced by

100
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A~ _1,,., 2 .
W o ./;p ds 3 (52)

thio equation invelves two distinet wnpsumptlono:
= the acoustic intenpnity can be accurately caotimated by pz/pc.

= the purfuce of integration han been selected such that the flow of radiant
power 1o normal to that surflace at all pointo on the nurface.

Devintions from edlther of these conditions will reoult in errors in the deter-
mination of gound power. In additilen, of' course, errors may revult from innde-
quate sumpling of the sound field over the swfuee of Integration.

Note that it i neceasary for all five conditions given in equ. (51) to be
true in order to be in the far field. However, 1t lo only neccusary that eq. {51b)
be true in order for eq. (52) to be volid. Thun, 4n nome caten, sceurate deter-
minations of totnl pound power may be baned on mennurements of menh-gguars prendure

even when such measnrements sare not mode in the true far Cleld.  An example of
thdn 48 the pericdic simple source which 1o Tonnidered bolow.

Conceptunlly, onc of the nimplest sound sources 1o a "pulsating sphere”
from which acoustic energy in rondinted uniformly in all directionn inte free
space.  The lnstantancous sound preasure due to such o tsource fo, in complex
rom‘

pn _Ié “lw(rfc - r) , (53)

whers P 1a the amplitude at unit digstance from the center of the source; the
real part of eq. {53) is secn to be an glven In eq. (1), Unlng eq. (Wl), the
radisl particle velocity la

ap I
“n :}__{:_ (1. '*__1_(:;) L ulm(!‘/c £ . (54)
~  pw aT wr ) per

This can also be exprenped on

- P Mulele - t) + 4] l 55)
—~  por cosg

whera

[&
¢ 2 arctan &=

A1y

# the phase angle between p and u,
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Thus the intensity in given, from eq. {47), vy

- ] [r."
1 - e
I | e 21"2 ! (57)
ot any rodiun. The intensity fo, of course, rndinlly directed. The total
pound power, from elther eq. {(k9) or eq, (52) in
2
2 .1 D7 {s0
YW = 4nr s 21‘2 )
. hn P2 (59)
pc 2!

vhich, ao it must be, 18 independent of r,

The energy density at eny radluo r io given, from eq. (50), by

1 re 1,1 c?
- e L 1 R .
W o 2r2 [2 z( mzrz)] (60)

2]
Thus, the energy dennlity approschen,its far-rleld value only vhen (wr/e)”
»»1, or, equivalently, when {A/2nr)" <<1, A being the wavelength of wound at
Yet, even in the very near ficld, on Tw/cee 0,

the frequency of interest.
the intensity and nound power are given exactly by the usual "far-field

formulae", eqo. (58) and (59).
Tor a Aipole point source (1.c., two polnt nources of equal atrength but

opposite phase located close together} the radial intensity at radius r ia
related to the mesn-squate pressure at the aame Locatlon by[32, p. 312]

z -
o~ [re 2ty | (61)

Thus, for o dipole nource, entimates of sound povwer based on messurements of
mean~-aquare sound presnsure will give somevwhat high reaults, the approximation

getting better an tha diatence from the source increassen.
For more complicnted aourcen, annlytical oxpressionn glving n genernl

depeription of bthe relationn wmong intensity, acountlec presnure, and particle
Accordingly, the

yelocdty are, 1t attainable, frequently quite complex,
following dincuanlon relatesn only to the intennity in a particular direction
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{for which a pimple polution exista) rather than to the total radinted sound
pover.

Conotder o rigid, circulsr ploton of readius, a, locaced in an {nfinite
rigld barfle, ayg shown In Figure 1B, If the piston oncillates in the

s=~dircetion with a velocity Uu_im', the sound preossure an the z-nxin 1o (vee,
e.fe, [60,65])
tu{zfe - t) fw{(l + 22/i12)1/21\fc - t]
g = ooy o100 - b (62

Utilizing eq. (M4), the particle velocity on the z-axin and in the z-direction
iu

w U uiu:(a:./c -t) _ zla GAwl (L + r.zfuz)lnu/c -l
-z 2, 01172 « {63)
{1+ z2</a%)
Uning eq, {h5), the axial intensity Lo
Iz » m:U2 1+ —-—L?l—lﬁ gin? %13- [(l + zzluz)uz - zfu] .
(1 + z2/n?)
The intenalty 1 related to the mean-square preusure by
2 1 zfn
1 = P= =l + = - . (55)
= e 2 ( {r + azfnz)u“)

el
At z » 0, p“/pe ovgrestimates the axinl intennity by o fnctor of two, or 3 ab,
Aa zfn—me, I —mp“/po.

(64)

2a ~

=

Figure 10. Schematic reprepantation of a rigld circular piaton of radiun, a,
contelned in an inflnlte buflle,
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Flgure 19 indicates the varintion with distance of the uxlal intensity
level for three valucs of wafe. 1t ls seen that for large wo/e bolh the
intenuity and presgure level oselllate rapidly for small :fu and do not
deercase monotoniecnlly until

Aoyl wa_a

At an ¢ T

vhere A 1u the wavelength of gound at o frequeney w/2n. Yhis phenonenon
oceura beenune gound radiated from different reglons on the plston repults in
interference phenomena.  The curves in Figure 19 are normalized to the
fur~1icld on-axla leveln, extrapolaled boek, being ool equal to O dB at

#/n 7L, The differences, in dii, between the solld curve und the dotted line
of nlope -G dB/double-distance represent the errors that would regult from
predicting far-field on-nxls levels from near-field on-nxis levels ot any
purticular z/a.

-

The daphed line in Figure 19 indleates the intensity that would be
predicted from far-tield meanurements of the totnl radiated sound power rather
than that radisated in the z~direction. It 1s neen that the far-£ield
Intenuity in the axinl dircctlion io grenter than the average intennity,
particularly for wafe »> 1. Thin 1o better neen in the directivity ploto
shown in Flgure 20, where the far-fleld intenoity level in ohown, uas o
functlon of angle, relative to the average Intensity level {f.c.,
corresponding to the total sound power radluted into the hall-npuce
corresponiding to positive valueo of =} [65,66), For large voluen of wn/e,
mont of the sound power {u radinted into o narrow beom nlong the z-nxio.

The rapld opelllations in intenoity and sound pressure levels and the
drective radiation patternn result from the fuet that.the pinton ia
coherent, source ~= the velocitien at all p-~*ntn on the platon have o deflnite
Jhane relationship with one another (for a rigld pisten they nre exnctly in
phase), It ip inntructive to contrast this with the ense where ull polnts on
the piston radiate independlently with no phnse relontlons. Tor an enuemble of
incohorent polint nources, cach roadiating uniformly in all directionus, the
intennitics con nlmply Be summed and the on-nxin intenoity due to an
{ncoherent circular wource Lo{6T-681

w2 2 .
1, ~ L n m@+%). (66)
S pc 21”‘2 z~

vhere W 4n the totnl nound power radinted into the half-upace {7 pouitive).
This 1n plotted in Flgure 21. It 1s vecn that the intennity deereanes
monctonieally with distance awny from the piloton and approsches itp far-ficla
dcpendence on diptanen very clonely for all valucs of z/n greater than unity.
The far-field radiation from nuch an inccherently radinting circular source in
independent of hoth abgle mpd Lrequency.

In order tn introducn nnother phenomenon thnt in characterintic of vound
radiation, connider an Infinite plute that 4o vibrating in flexure an
indicated 4in Flgure 22. If the velocity of the plate pormal to 1lta surface 1in
dancribed by i
ul0,y) = velulyfey = t) (67)
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SOUND INTENSITY LEVEL, dB (re volue ot2/0 =1 )

Figure

19. Variatlon of the axial intenslty level due to a Inffled rigle
piston of vadlun, a, vibtrating at an angular frequency, w. 'The
dunhied lines represent extrnpolations of the foar-~fleld intennity
level back toward the source.
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RELATIVE SOUND PRESSURE LEVEL., dB

Far-rield radintion putterns showing the dipectionallty for o

Flegure 20,
baffled rigld pinton.
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Figure 21, Axlel intenuity level due to an incoherent circular source.

e

Figure 22. Bchematle representation of nound radiation from an Infiplte plate
in which there 1n a plnne bending wave propagating st apeed, Che
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where ¢, is the velocity of sound for flexural (bending) waves in the plate,
the nound pressure can be shown to be (33, €9, 70l
|
ple,y) = . pell

I YTy AN
: : uim[y/c[s byl - e /LH/ t] Ly o (680)
1 ~ ¢4fe, 2
B
- S N P .
w __=lpcU o Ve /cu I/C.ulm[y/cu t]' ey < c. {68h)

PR
¢ /CH 1

Hhen e, >e, the preasure ut 2z = 0 io in phaoe with the veloeity; when ey < g,

the pressure und veloclty u& 2 = 0 ure out of phuse.
The velocity, c, of flexural waves in an infinite plote 1o not conotant

but {o related to frequency by

c, » M,

B

(69)

where a 1o o conutunt which Ly dependent upon  the platy thicknesn and elastlce
propertien.  Introducing o "eritical frequency”, w = c“/a", und using eq.
(W4}, the partiele velocditicn in the z- and y~dire@tions ore

u /Sy By wuy (70q)

~z m pc

(Meodo o1 < (704

pe R

“-S&Iw—p_ , all w . (71)

4 pe
Uning cq. {h5), the corresponding intensitien are
(2]
- 72u
I = ell - { )
-2 2 = w fu » 0
0 , w“-mo (72b)
I . pey? 1
Y 2 '\/‘:’]“'0 '\/"’OIW RN (73a)

- pel? 1 o ~RuE Mu fu - 1fc
2 \/mo7ﬁ —-Wlmo youSw (73h)

The magnitude of the intensity fo
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e ¥~

- a2 J1/2 .
- [‘f’*’ Ly ] (7
b3 T_-_m-:/—m_ s wra (750)

2
W PEY 3 ~2wz v Ju - t/c
2 \/m!)? Vol & o v wdg A75L)

o
In the case where w > W the power is radiated az a plane wove in the
directlon 0, where

11yl

1
tan 0 ]Izl " n\/m?uo -1, W (76)

oo that
T S Ay
#in 0 = e et v Wy (77)

where, an shown in Flgure 22, A 1o the wavelength of the radiated gound and A
in the wavelengthi of the [lexurnl wave In the plate. The nngle, 8, at which
the uound 15 radinted must be such that the radiated wave has o "trace”, o

projection, onto the plate that 1o ¢qual to the wavelength of the plate wave.

In the cane where w < W, there 10 n near~ield {ntennity, parallel to
the plate, which deenyn exponentinlly with increaning =, There in no real
angle at vhich sound power 1o radiated from the plate dnto the far fleld.

Ther theory would indleate thot ab w 2w an inflnite amount of power io
radiated 4in a direction parallel to the plutg. In practice, the purrounding
nir leads the plate, inflplte power cannot be pupplicd to the plate, ond real
Platen are of finite extent. Thus the radiated power, albelt large, romadno
finite.

Flgure 23 indicates the power radianted Into the for Tleld an n function
of m/wn and ohows the direction in which it {p radiated. Flgure 24
11lustrates how the near=Tield intenoity deenys with distance awey from the
plate for w < W

In real platen, the combination of internal damping, air londing, and
finite alze remults {n Aome radintion of sound power loto the foar fleld even
below the eritical Lreaquency.

The above diacusaions Indicate neveral phenomena thoat should be kept in

! mind when carrylng out sournd power meauurements:d

~ there can be a renctive nound fleld neuar the pnource thnt does not
coptribute fo the far-rield aound power
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Flgure 23.

Far-fleld intensity level {(lower figure) above the eritienl
frequency fox nn infinite plate in flexure. The upper figare ahown
the direction (relative to the plane of the plr\tc) in whieh snound

is radiated.
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Flgure 24, Intensity level parallel to an infinite plate in flexure at
frequencies below the eritieal frequenclen. The different
curven correapond to different distoances from the plate. The
reference level {corresponding to 0 dB) ia the neme an in
Figure 3.
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- coherently rudiating sowrces are rrequently highly directional and in
Jome cases the Intensity fin o given direction oselllates widely with
distance from the source

- vibrating plates have nssoclated with them o "eritienl rrequency” below
which very little sound eneryy 1o radiated Into the rar rield and above
which energy iz radinted very ef'ficlently in a specifie dircction

When seurces rudiste prominent disercte tonen, partleular care should bLe tuaken
to enoure that mierophone locations are far cnough away t'rom the nource
{unleos, of course, primary Interest Is in near-field measurements, e, Ot
un operator location). For muny practical sources, hovwever, reliable gound
pover determinutions can be based on mensurements made rather clooe to the
nource [5-7].

15.2. Microplone Positions
. Anechole Space

If sound pressure menturementt are made over o hypotheticnl aphere, of
radiue r, surrounding & sound source, the total nound power Lo given by

=
whcrc( p"> in the opoatial average of the time-nveraged squared nound prepnure
over the purface of the sphere, provided the conditions for the valldity of
eq. (52} ure met, fThe totnl radinted sound power level can be computed from

w C
ty = Ly + 20 log ¢ + 10 log 41 - 10 log o5 ) (19

W

»
in metrle unito, where L 1n the sputial average of the nsound prensure level,
the average belng taken, on w menn~tgquare presource bacsia, over the surface of

the aphere.

In earrylng out nound power determinations in an anechole chamber, it In
frequently deolred to memsure the directivity pattern of the nolue nource,
It 1s cuntomary to define n directivity factor, Q., defined os the ratio of
the intennity measured ot angle 0 and ddptonce r Irom the pource to the
average intensity at dintance r. Thun,

= 27T o 1all ~T)/10
QO ~ IOII Pg /p 19 Py P (60}
The directional gain, at angle 0, can he defined an
PLy =~ 10 log q, = l.po - 1.]} . (81)

The sound pressure level at angle 0 nnd diatence r 1o related to the totnl
nound power and the direcetivity dndex by

L ” 4+ DI -~ 20 - : 1 c‘
b, ;w 0 log © ~ 10 log 41 + 10 log 580 . (82)
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The current Americuan standard{{1] and the drart international
otandard{1h] for determinntion of sound power in un anechole chumber recommend
that the sound presoure be measured ot locatlions corresponding to the 20
nurfaces of' 4 regulnr icosnhedron. Other possible miercphone arrays are given
in [72-73]. In licu of n otationory array of miecrophones, mengurements can be
made salong o number of continuous paths, elther Ly moving the microphone{s) or
by rotating the source {nce b., below).

The moJor conniderations in selecting microphone locutionn for measure-
mento in an snechole environment arce (1) to be far enough awuy from the nource
to be spsured of belng in the far field yet cloae cnough thut reflected
signals und background nolne are negliglble compared with the direct signal
from the source und (2) that sufficient mierephone locations are used to
obtain adequate spatial averaging, cspecinlly for directional aources.
Whenever there i0 nny question concerning these pointn, it 1o advipable to
muke mensurements ot additionsl angular positions and/or ut two or more radii.

L., Heml-Anechoie Space

In enrrying out mensuremcnts in o free fleld over a reflecting plane, it
may be depdred to obtaln the sound presvure level at one or more upeelific
mierophone locntionn (e.g., o microplicne ut a dlstance of 50 feet from the
centerline of a pnosing vehlele) or to obtain the sound power level (with or’
without directivity information). In the case of gound presnure level
measurements, the microphone loention(n) is{are} selected to correspond to
typical listener locationn or to provide information that can be reliably
extrepolated to other locations. In the cnse of sound power level
determinntlon, meanurementu of vound preasure level are typleally moade over a
hypothetical ourfnce surrounding the source. If o hemlnpherical surface 1o
uned, eqn. (79) and (02) apply, but with 3n replaced by 2% and the directivity
index computed from

" -+ 83
DI, 1.1)0 Ly 3 db, (63)

¥here L_ 4n now the average over the teat hemipphere. The 3 4B aripes from
the fact that averaging 1n not cnrried over the apnce below the plane.

A number of microphone arrayn corrcaponding to hemispherical mensurement
murfoces are miggested In the literature. 'The current Ameriean standard[T1]
endoprnes n l2«point array which in one of pevernl arrnyn suggented in [T2].
Mternative 10-point arrayn are given 1o [T2], in (33,131, aud in [1h]). One
recent inventigation(7] utiiized a T3-point array. In additlon to thene fixed
plerophone arreys, 1t in common to une continuoun microphone traversen {(elther
by moving the microphone nround Lthe source or by holdipg the mierophone
stationary and rotating the source) along clrcular patho paralliel to the
reflecting plane. One nuch configuration i shown in Figure 25.
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AXI5 OF ROTATION OF MICROPHONE
TRAVERSING MECHANISM

ELEVATION OF j HEIGHT OF CORRESPONDING

MICROPHONE TRAVERSES

AREAS OF HEMISPHERE
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Figure 25.
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A suggented net of continmouz microphone traverces for determination
of aound pawer in a free field above a reflecting planc[lh],
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Selection of micropheone locationu for mensurements over o reflecting plane
is complicated by variations in sound pressure with angle due to conntructive
and destruetive interference between vound waves radioted directly to the
mlcrophone nnd reflected waves. The type of dittienltics thnt may be
encountered ¢an be illustrated by consldering a point source located abave a
pertfectly reflecting plane. Ascuming the measurement locations are
sufficlently far awvay to be in the fur fleld of the sowrce and its {mage, the
variation of sound pressure level with angle is as shown in Figure 76, where
the three curves shown correspond to a pure tone, s 1/3-octave band of nolse,
and n l/l-octave band of nelse. Baadel73], from whom this Clgure was taken,
druws the following concluslons:

"{n) At low frequencles, sound reflection does not cause any signlficant
dircotivity wo long ag the wave length i more than 10 times the dictance
between the pource and the reflecting plane, (b)) High frequency rundom
pound is radinted fairiy uniformly in all dircctions except those almost
porallel to the reflecting plune. Microphone rendingo toaken near the
reflecting plane therefore tend to have low accuracy. Thls low accuracy
zohe shrinks with inereasing frequeney and bond width. {e) At medium
frequencies, the directivity pattern 1o very pronounced, ceven for random
sound of one octave cffective bond width, {d) The "valleyos" in the curves
[of Figure 26] occur in regulnr intervalu. At any given Crequency and
vource locatlon, low readings will be obtnined at veveral microphons
posltions spoaced in the ratio of 1:3:5:7 from the reflecting plone. Odd
multiple spucings should therefore be avolded.”

Filgure 27 illustraten thc errorn in determining the total sound power from
u random polnt nource o distance h above a reflecting plane, when meapsurements
uwre made in 1/3-octnve band widtha, for the microphone arrayp indicented. The
dirfference between the mean for cach srray {(broken curven) and the true mesn
{solid curve) represents the error asnocinted with the particular array.

One woy to obtadn enosentinlly perfect vertical averaging in to traverse
the mierophone nlong n meridisn auw shown in Figure 20,

The curven shown in FMgures 26 and 27 were coleulated for the cone of o
point pource above a perfectly reflecting plane, In gencral, fncrenning the
nource #ise will renult In less varintion of the sound prensure level with
angle.

Other refereoncen relevant to the effect of the reflecting plane on the
nelectlon of approprinte microphone positlons inelude [7h-TT]n

Severnl recent, investigatlonn (e.g., [7%, 5-T]) have found thut rather
asceurate determinations of the totnl nound power cmitted by real muachinesn can
be made waipg mensurements of sound pressure level made quite close (0.3 to 1
m) to the source, Accordingly, a druft internatlonal ntundard[13] suggests two
arrays of microphone ponitlionn to be used for nuch clene-in deberminentionn of
nound power,
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flgure 26, Lffcet of bnndwldth on directivity of nound rleld of o polnt nource

at o distance, h, from o reflecting plane (A » wave length ot |
center frequency of band}[13-7h],

pure tone
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meman= U1l ccbove
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TRUE MEAN LEVEL
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ninipg pound pover output of a random point nourece near a reflecting
planc[73~ Th]. 'The errvor 10 the difference hetween the eurve corren-
ponding to a given mieropliene array and the solld eurve which correps-
pondn to the true mean level. All curves corrcnpond to n 1/3-octave
band width,
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TRAAVELING MICROPHONE

COSINE FUNCTION
POTENTIOMETER FOR
AREA WEIGHTING

NOISE SDURCE ON
REVOLVING PLATFORM

Figure 28, Oyeatem for microphont travernses aleong merldionnl pathu(ih].
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In the rirst of these, o "reference purallelepiped", us shown in Figure
29, 1u imagined to Just enclose the gource. A mensuremenl surfuce is
hyrothesized to have its facen parnllel to, and spaced o conutannt distance
(typically 1 m) from, the reference puralleleplped. HNine key mlerophone
locutions ure coatublivhed, corresponding to the {approximate) centers of the
five fucen, plus the tow upper corners, of the measurement surface.
Procedures are given in [13] for adding additionnl mierophone ponitions for
large sourcedn.

Figure 30 shown mn cxemple of the "compoped measurement surface given in
[13]. It conuivts of u purallelepiped with rounded edges and cornerns pno au to
Le everyvwhere equidiotant from the reference parallelepiped which Juot
enclopey the nource. ‘fhere are eight key microphone posltlons, four on the
olde facen and four which usually lic on the upper curved edgea of the
meaguremnent surface,

Holmer([7] has carrled out extenslve comparisons of data {on 17 portuble
wuir compresuory) obtained wolng the purfuccs of Figures 29 and 30 with datn
obtained using o T3-point hemiupherical array of 7 m radiuo.

¢, Reverberant Spoce

Au pteted at the heginndlng of Scetlon 12.2.¢, c¢lementary reverberation
room theory is buased on geometrical necountles, in whieh wave phenoment are
neglected. I that wnspwnption were true, n vingle microplione placed in the
reverberant leld would nuffice. Nowever, wave phenomenn reswlt in local
varintionn in the sound pressure level, particulurly for pure-~toncs. The
guention of how henat to pample the sound ficld in a reverberant room has been
the subject of active reseurch over the past decade[79-103].

The nound pover emitted Lrom a source i related, an discuppsed in Scction
13, to the nound pressure in the reverberant field anveraged in space and time
an a mean=nquare banin. In practice, apntial aversgling over a finite path
length (using o traverning microphone) or over s fixed pumber of microphone
poritionn leadn only to on entimate of the true mean-nquare sound presoure.
Theory shown that in order to have epnentlally independent samplen of the
nound f£ield, microphonen must be located at leant (approximately) one-half
vavelength apart at ench frequency of interent. In addition, interference
phenomenn oncur nenr r'eflecting surfnces no that microphonen typlenily are not
located within one~half wave length of any room boundury or diffuser. For a
clone~packed (hexagonal clone~packed or Tace-~centered cuble) arrny of
microphonen located cne=half wavelength from cnch other and at leant one-halfl
vavelength Crom any wall, the number of microphones that cun be accommodated
in lenn than

3
N~ 0VE Ty = BVE Y (-f—) ' (84)

vherns ¥V 1o the volume of the room and A 1p the wavelength of nound of
froquency I travelldng at specd e, Thin upper limit dn shown in Figure 31 nu a
funetion of frequency for rooms of different volumen. In practice the number
of independent. microphone popitiono which could be located 4n n reverberstion
room would usually be nignificently leps than thin upper limit.
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MICROPHONE -——- MEASUREMENT
POSITIONS SURFACE —-~———~——/

REFERENCE \
PARALLELEPIPED

Flgure 9. Microphone array for n paralleleplped meagurement surface[13],
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Flgure 30, Microphone arpny for n "componed" measurement purfacefl13].
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Flgare 3. Upper limit on the nunher of microphene poultions {n rooms of the

volumun shown 1L each pouitlion Lo at lennt o halfewavelength from
4ll other ponitionn,
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When o reverberntion room iu execited Ly a random nolse source, the
normalized variance of the meaun=gquare gound pressure In the room 1o given
approximately by the following expression[8h, 93, 100} provided the modul
overlup in sufficiently grent (e.g., see eq. {31)) and there are no moving
dif'funers in the room:

2

Vo o= arctan 2 -...]:‘,J_ In {1+ ::2) . (85)

M rs

where 2 = I0/2.2, T belng the reverberation time and B the bandwidth of' the
f41ter. For smull valueo of =, eq. {(85) Lecomes

7 z 2'{' '1-6
vy S P A T A (86)
uo that Vp‘—-l g BT—m~0. For large values of z, cq. (05) can be written o
2 12 1 !
VEm = - S (1 4 In 2) - e b C = aees (874}
2 2 Le3ez®  2:5-20
-1 -1
~ [z e
~ [F o 0.8] - [W +4- 0.8:’ , B22l, (47t

po thut V‘?—fﬂ/; wm 6,91/ ao »»>1l. The normallzed varisnce, Va. computed
from eq. (85), 1o shown in Flgure 32. The spatinl variohce of the mesn-pgquare
nound prenpure decreanen with nan inerense in the bendwidth of the noioe nignal
gince the number of moden exeited in the room 1o approximately propertlonal to
the bandwidth. Ao the reverberation time iperenuen the smount of modal
overlap decrenses po that the affective number of ipdependent gsemplen in o
given bandwidth dnerensen, It nhould be emphasized that eq. (83} ip only
valid for modal overinp greater than ubout 3 so that if the reverberation time
is too large, the behuvior shown in Flgure 32 can no longer be cxpected to be

obperved.

If N independent samples of the nsound [leld are token, the meny valye of
the (normalized) nquared pound presnure 1o given approximately by n” = V9/Ii.
The 95 percent confidence interval is given by te m 11.9611. Thun the number
of independent microphone ponitionn required in order to have 3% percent con-
fldence that the fractlonnl errar in the mean value of the pquarcd pressure in

lepn than e in 2 3
> 1.96) ©
L (——-) v . (48)

(4

An an example of the uso of eq. (88), let e=.3%9, corrensponding to 95 percent
confidence limitn aof A1 dB, Let B = 23 Hz (1/3-octave band centered at 100
fz) and T = 2 u, Thun = = BIY/2.2 = 20,9, From eq. (83) or Flgure 32, V" =
3

0.132, Thus a vyalue of N grenter than (1.96/0.259)2\!2 W 5T,3V" m 7.6 in
required.

Flgure 33, which wna generated using eq. (85) and (88), shows the minimum
nusher of microphone poaitions needed in order to be 95 percent confldent that

for 1/3~octave banda of random noisa, the upatinl aversge of thn ean~uaquare
sound pressure im known to within 1 dib.  Thin number is ahown nn a function of
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Flgure 32, Normalized variance, («-PE)E) - (p“)")/ (pze)e. where {) denoten
the average taken over all room locatlionn, of the mean-squared sound
presaure in a room having s reverheration time, T, and exclted by
random nolae of bandwidth, B, The curve corresponda to eq. (05)
which 1n valid for modal overlaps greater thean about 3.
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Figure 33, HMinimum number of microphone ponitiony needed for 1/ 3-octnve bands
of nofint in order to have 95 percent confidence that the npatinl
averege of the mean-square sound presvure 1o known within +1 dB,
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f'requency (utilizinf; the fact that the bandwldth of u stundard 1/3-octave
rilter ic equul to 0.232 times the center frequency, so thet = = 1/9.5) with
reverberntion time an o parameter. This figure muy be used for other
reverberation timeuy olmply by entering the abeinsn st o numericul value equnl
to £T ond resding the minlmum number of mierophone positiona from the curve

corresponding to ' = 1o,

suppose audditional wbsorption had been udded to a reververation room,
lowerdng the reverberation time from s to 1o, 1n order to obtain a more
uniform frequency responase in the room. Aoguming modal overlap were high
enough in both conves for eq. (83) to be valid, it would be neceooary to
ineresue the number of micraphone positiona from b to 1h 1in order to still have
95 percent confidence that the sverage sound precsure level of o 1/3-octave
band of noive won known within # 1 dii. Thio example 1llustrates thot once
cnough uboorption hav been wudded to achieve adequate modal overlop ut the
lowent frequuncy of interest, it 1o generally inndvisnble to further reduce the
reverberution time,

When o reverberation-room is exeited by o number of pure tonea, the
normalized varionce of the mean-uquare pound pressure in the room, provided the
modal overlap in vufficiently great and there are ne moving diffusers in the
room, in given spproximately by [84, 93, 100]

L TR
2 1 -2 M , & - G y
' u[m)-ﬁ A‘“] J‘E & { +[ 2.2 . (89)

where A, (or A, or ) 1in the mean-square sound presuure of the tone at
frcquent!y £, lor I‘h) and T 1o the reverberation time. In its complete form
thin cxprc:iﬂion in"perhapn too complex to oee ennily the effectn of the
reverberation time nnd the spacing hetween tones. However, neveral special
canen do yicld conslderable innight.

If the {requency sepnration, £, ~ I‘k, between tones 1n lavge compured to
the modnl bandwidth, 2.2/T, only t.ml terini for Jmk contribute significantly to

tha pumations npd eq., (09) reduces to

2 |& 2 X 1 A
Ve o~ A 2 = .
mz_:l L A 2 (99)
If, furtiier, all the tonen are of cqual strength,
2 1
Vo om no- (91)

Thus for well-peparated tones of cqual atrength, the normalized varisnce of the
pean-gquara sound preosure 1a almply equal to the reciproenl of the number of
tonen,

If the tonms are of equal ntrength but are no Jonger well-pepnrated, an
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interesting opeeinl cauve io that where the M tones are uniformly sepurated by
6f Hz. With thiv simplirication, eq. (89) reduces to

P M-1 M-n
< - . 92
5 (92)

n=l 1 + (nTﬁflﬂ.Z)z

2 1
V' = m 1+

Figure 3k 1l1lustrates the variance, computed from cq. ( 92) ao a functlon of the
number of tonews, with TS, the product of the reverberation time osnd the tone
opucing, av & parameter. It ip ocen thot when T8 1o very nmull, oo that the
room reaponuey to the several tonen are highly correlated, the varionce remoains
near unity, the value for a oingle tones, until ¥ inerensen enough no that uvome
of* the tones are far enough apart in frequency to significantly reduce thio
corralation. When T4 beecomen lnrge, the variance approuches 1/M, the valuc
for well-separsted tones (eq. (91)). If the toneo arc not of equal strength,
the variance will be greater than that indleated by eq. (92} and by Figure 3
but the effect of reverberation time will be approximately the pame provided
more than one tone contribute asignificuantly to the overall mean-squoare sound
pressure. It in agnin seen that the reverbersation time should be as lurge ag
pooaible provided only that 1t 1o omall enough to provide aufficient modal
overlap in order that the reverberation room have a fairly unif'orm frequency

reaponse,

Ir the number, strength, ond npucing of tones i known, the variance com=
puted from one of equ. (09) -~ {92) cun be uned in conjunction with eq. (88) to
estimate the mlinimum number of microphones needed in order to determine the
mean~gquare uound pressure within the desired confidence limita.

Fquation (84) and Filgure 31 indicated upper limits on the number of
independent ataticnary microphone positions which can be sccommodated in o
reverberantion room of a gilven volume, It 13 frequently more convenient to une
o ningle microphone which 18 moved nlowly over a particular path so nn to
anmple the sound field nt a number of ponitionas. fince the nound fiecld at one
location can be highly correlated with the sound fleld at o nearby ponition, it
in uneful to conaider the equivalent number of microphone positionn
correaponding to a glven path. If n continuoun linear microphone traverse over
n path length L 18 uged the equivalent number of independent microphone
poaitiona 4a [65-07, 91, 93]:

£ L
2L P < nuq < 21 c +1 , {(93)
For a circular path of circumference L [93,96],
1, aken
R, = : : (94)
eq I

At high frequencien, where adequate npatisl sumpling can rendily he nchieved,

it may be ensler to use a continuous traverne. At lower frequenclen, a fixed

array will usually ennble more independent nnmplen than can simply be obtained
with a continuoun traverae,
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Flgure 3, Hormalized variance of the mean~mquared vound prespure in o room,
having o reverberation time, T, excited by M equul-ntrength pure
tonas uniformly separated In frequency by 6£. The eurven
correppond to oq. (92} which 1n valid for modal overlape greater
than about 3.
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The current national{?9] und international[16] standards for determination
of gound pover In a reverberatien room otate that for broad-band sound wvources,
npace averaging of the tound field shall be accomplished by ohe of the
following two procedurcs:

(1) Traversing a microphone nt constant upeed over a path at lepst 3 m in
length while the oignonl i1 belng averaged on o mesn=gqunre basis,
Ihe poth mny be w lipne, an are ao obtalned by swinging the
mierophone, o eircle, or gome other geometric figure.

(2) Uoing nn array of at least three fixed microphenes (or microphone
positliono) wpaced at leant A/2 from euch other, where 3 {io the
wuvelength of sound corrcsponding to Lhe loweot frequency in the
'requency runge of interest. The oubputs of the mierophones shall be
either scanned sutomutically und averaged on u menn-odqusre buasio by
the indicating device, or the average shall be computed from the
meat=square outputs of each lndividual microphone ponition.

A path length of 3 m for the traverse and three positions for the array are the
mindmum requirementn, It may be necensary to upe n more extensive microphone
traverse oxr arrny, or use moving or stationary vound diftuscers, or both, in

I
!
;
!
t
!
E order to meet the requirementu of the standurd.
L
l Far pure toncs sourcesn the national(29] and interantionnl{11] standnrds
! require the minimum number of independent microphone positlons thown in the
i following tuable:
t
OCTAVE BAND THIRD-OCTAVE MIRIMUM
CONTAINING DAND CONTAINING NUMBERR OF
DIOCRETY DISCRETE IRDEPENDENT
FREQUENCY FREQUENCY MICROPHONE
t COMPORENT COMPONERT POSIPIONS
5 20 Ha 100 to 160 iz 6
1
i 250 1ix 200 to 31% li= 12
3 500 1= h0o to 630 Jiz 2l
!
ﬁ 1000 iI= 800 to 1250 Jix 30
H
2 Above 1000 liz Above 1250 Nz 30
|
il The correnponding approximate minimum path lengtha, I a teaverning microphone
J 1a woed, follow from eqa. (91) or (92). Thene ntandurde(10,29) atas require
ﬁ that:
)l

s
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The microphene traverse or nrray shall be within that poart of the test
room where the reverberant scund fleld dominates and wherce the
contribution of the direct field to the mensurcd mesn-square pressure is
negligible, To ensure that the chosen microphone traverse or array ia
within the reverberant field, the followlng criteria shall be met:

(1) The minimum dlotunce between the sound source nnd the nearest
microphone position shull not be leas than

dlnin = 0,08 Sy

where
¥ = volume of test room In cublec meters
T » reverberatlon time in seconds

(2} ....

Thin criterlon correnponds (wee cq. (21)) to the totnl (direct and
reverberant) sound field not being more thun 1.8 dB above the reverberant
gound Tleld {1.c., the direct field is 3 dB below the reverberant fleld),
provided the source iun ctunentinlly omni-directional. If the pource is
directionnl, cne slhiould place the ncarcsnt microphene(s) ntlll further Lrom the
source {see eq, (21}) to aspure that the direct field fo at leant 3 A below
the reverberant fleld. Gince typienlly only one or two of the several
microplione positionn would be clowe enough to the nource to be alffected by the
direct field, the blons introduced 1o rather omnll {e.g., i only one of' oilx
mlcrophonen 1n blaned upwards by 1,8 dB, the estimute of the average sound
level will be blased upward by 0.3 dlj 1€ nore mlerophones are uned, the biap
would typleally be leas).

15,3, Sonrce Pmsittona

The importance of nclecting sn appropriate source locntlon, typlenl of
normal operaticn, was mentlioned in Seetdon 1h.1. In earrying out mensurements
under conditions of a free fleld, or a free field over a reflecting plenc,
there nre no additionnl meapurement procedures specificnlly concerned with

nource posltion,

The current natlonnl|29)] and internationni(11] ntendardn for
determinat.ion of sound power 1n o reverberation chumber give an empirical
formila for calculating the recommended number of nource locatlonn when the
gourca produces purce tones (nce also [97]). 'This number dependn on the
reverberation time and volume of the room and on the frequency of the tone{u}.
ffhe use of multiple source positdonn reducen the error due te low modal
dennity because the extent to which a glven mode in excited depends on the
source position[l0h]. "The error due to incomplete spnce nveraging is reduced
hecaude the total number of poamplen of the pound field in the product of the
number of microphona poultions uned for c¢uach uource ponitien timen the number

of the source positionn"[29].
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158 Periodd of Olnervation

If the sound level at any glven microphone position is steady, the
required sampling time followy directly from conslderations such ag those
diseusved 1in Sec. 13, In carrylng out measurcments of the noipe emitted from
n particular source, scveral fuctors can caude the pound level ot a given
location to vary:

1. Ihe noliuoe emingion from the uowrce may be inherently variable as o
functicon of changens in some opersting parameter (e.g., speed, lood,
normul operating cycle).

2. There may be changes in the environment through whieh the sound
propugaten. Thoese could include wind, air turbulence, temperature
gradientn, etce.

3. Some aupecet of the measurement process may vary the vound level.
Typleal exampley vould be motion of the mierophone relative to the
nogurce or modulntion of the nound field in u reverberation room by o
moving diffuncr.

In cane 1, it lu necessury to declde whether one is interented in the
nolue eminoion during one or more npecific portions of un operating eyele or
whether one 14 L{nterented in an appropriate average over o complete operanting
cycle, Onca thin decision has been made, the appropriote period of
obnervatlion follows rather canily.

In case 2, one in probubly In trouble if the nituation arisen and hence
one nhould secek o more favorable environment. However, 1£ that in not
ponndble, sufficlent independent dntn points should be taken to permit
averanging out ntatintical varlations.

In cane 3, two situaticnu merit wpecifie mention. If o wource ip helng
rotated in an ancchole (or hemi-anschole) enviremment (or 1 o microphone 1n
being moved nround the source) 1t is important that the motion be olow enough
to permit valid vampling. This in particulnrly Impertant for highly
directional sourcen and for nourcen which produce random noise, I nound power
determinations are bedng made in o reverberation chamber it ip very common to
uae s moving microphone nnd/or a moving dlffuser. The national[29] nnd
international[10, 11} atandards provide guidance on the approprinte period of
obnervation.

15.5. Use of Diflunem

It han been culitomary for many years to woe fixed and/or moving
"aitrmera’” to aClfect the nceurncy and precinion of sound menpurements cnrried
aut in reverberation rooms, Dodd and Doak[10%] heve pointed out the reoasonn
why statlionnry diffuners are probably rather Lpeffective in Improving
reverberntion room determinntions of sound power:
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"Alyo, it 1 perfectly clear that, whotever elae they may do to
affect sound pressure level distributifons in reverberant rooms, f'ixed
diffusers in no way reduce, or otherwlue aftect, the statistical spatinl
and frequency {luctuastions in gsound pressure level deseribed onbove., Thus
use of fixed diffusers will not, In genernl, reduce the amount of
frequency and opoce averuglng required to glve unambiguous measurcemento.
Fixed diffusers could, in theory, reduce elgenfrequency degeneracy and
nlso elgenfunetion degencracy (i.e., the tendeney of elgenfunctions in
geometrically olmple rooms to full inte classes having maxima or minima
at purticular pointa). Aag, however, reverberant rooms nre seidem
constructed in the shapes of pertfeet spheres, cylinders, or cuben, und
algo becaure when used in procticnl meanurements they usually contuin at
lenot one scattering object, 1t would wuppear that use of fixed diffuncrn
contributes much more to optical aesthetles than i1t does to acoustica,
Of courpe, there 1o onc notable exeeption to this remark. When
relatively large nreae of abnorbing material are placed in reverberaticn
rooms for abnorptlon coefficient measurements -- on the {lecor, for
exumple == the reverberunt field may no longer be directionnlly
lootropic, In thio cane, 1t {o possible that suituble fixed diffusers
can revtore o meanure of directicnal isotropy to the field in the
neighbourhood of the arcn of the absorbent materinl."

On the other hand, 1t hun been well established that moving diffusers con
very slgniflicantly improve the determination of tiie aversge stendy-ntate sound
pressure level {n 4 reverberation room. Conoider first the situntion where o
diffluser in dnerementally moved through o range of ntationary orientations.
Each chunge in orlentation can renult in a perturbatlon of the standing wave
pattern in the room, with both the elgenfrequencien and the eigentfunctions
belng somevhat ohanged. In addition, ns nhown by Ebbingllo6], the radintion
impedance Aeen by the vource will vary with diffuser oricentation so that the
actual nound power radinted by the vource alpo will vary. Thuus, even when n
diffuaer 1o moved very snlowly, the variocun orientationn of the diffuner lead
to an improved average for the menn-nquare sound pressure in the roonm,

When the diffuser 1o moved more rapidly, there i voth amplitude and fre-
quency modulation of the vound field[107-110, 93, 97-100} with the result that
the aound enerdg from & pure tone 1n converted into o number of tonen -~ oy
acen in fectdon 15.2, the apatial varience due to n multitone can be much lenn
than that due to o single tone., In addition, the rotatioen of the diffuaer
doen not permit modas to huild up to the full strength they could have 1 the
diffuser were stationary.

While the design of moving diffuvers remalnn neomewhat of an art, it 1o
recognized(110] that the major deusign parameterns are sine, shape, percent open
aren, aurfmce dennity, spred, number of pnneln, and pancl damplng. A few
general guidelinen for the design of rotnting diffusers are glven in current
standarda[29,1%],

15.6. Backgronud Nuire Messucements

A genernl dlincunnien of ceriteris for boackground nolse wao gilven in
fectlon 12.3. It in dmportant to musure that the background nodne 4n the same
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when 1t 1o measured ws it i when the gource ig operated. I corrections for
background noine are to be mude, wdditiconul measurements maoy bhe necessary to
ascertaln vwhether or not there is coherence between the gource nolse and the

background nolse.

Peterson[111] hug recently examined the uncertninties which may occur in
the buckground neolse correction when the device noise and the background noinoe
are both randem in charucter.

157, Charseterization of Teat Enviromnens

Seetion 12.2 includes digeunsions of the sdequacy of varlous types of
teot environment, In the pregsent seetion, o brief summary io given of the
means for charucterizing the test environment which arve spelled out in current

standardn.
2. Anechole Chumber

The eurrent draft internstional standnrd[14] for precision determinntionn
of tound pover in ancchole rooms requiren menmsuring the change of pound level
with distance along at leant clght stralght puths awny from the center of an
onnidirectionnl nound vource which o radiating a pure tone. The runge of
distances nnd frequencles for which the measured nound leveln agree, within
npecified toleroncen, with leveln predicted by the inverse squure lavw deline
the unalble volume and {requency roange for the unechole chamber.

b. lHeml=Anechoic Lnvircnmert

The current drafy internpational standard{1h] for precision determinations
of nound power in heml-nnechoie roomn utilizes the qualifiention procedure
Junt, dencribed but allown larger devintions then in the cane of nhechoic
chambers. HNo corrections are permitied for the influcnce of the tent

environment.

The currgat draft internationsl ntandard[13] for cngincering methodn of
determining nound power under free=fleld conditionn over a reflecting plone
peimits maklng o correction of up to 2 dB for the influchce of the tent
cnvironment. ‘Nree alternntive methods are given for quelifying the ncountlc
environment ond determining the "environmental correction":

1. leplace the device whoue sound power level 1o being determined with
# references gound gource of known sound power output. The environ-
mental correction in then token ap the Alfference betveen the known
pover level nnd the power level computed using the procedures of the
nhandard.

2 Heplnca the device vhoue nound povwer level io belng determined with
n brond band test source {of unknown power output). Determinationn
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of the sound power of thias test pource are made using three measurce-
ment surfaces of nimilar shape but different sie. The
environmental correctien 1n obtained from the differences among, the
three sound power levely obiuined in this manner.

3. Compute the envireonmentnl correction from measurements ol the rever-
berntion time of the teat room.

The current draft internutlonal survey method[15] for determipation of uwound
pover levelus permitn envirenmentnl corrections of up to 7 dB baped on the
sbyerption (estimnted or computed from the reverberation time) of the test
room,

The nbove-denseribed procedurea arce based mainly on the work of
Hibner[5=6]. Diechl[112-113) hos inveatigoted determination of' envirenmental
correctiony by the "two-purfnce method" in vhich two measurement surfuces of
different aren sre utilized with the actunl device under investigation (rather
than n gpeclal tent source).

ilfibner[6] hou pointed out that none of the sbove preceduren for
determlning environmental corrections can account for the influence of the
acoustde impedance of the reflecting plance. fThe dralft international
standarda(13-14] for sound power determination oimply require that "the
abnorption coefficlent of the plane should be Lens than 0,06 over the
frequency range of interest." In the case of outdoor measurementn, whether ol
sound power level or of vound Dreasure level at o upeeificd loention, 1t may
be dirfficult teo ensure that the absorption is nn low ny deasired., At teat
niten for meanuring motor vehiele noine emlssion, very lurge differences have
been ocbrerved befween the ncountlenl abasorption of senled and unnenled
eaphalt[114]. The flatneny of reflecting surfoces can aluoo lead to
problemu[115]. Otatisticnlly significant differecncen huve been obnerved among
results obtained at various tent niten{116]. While there has been progrees in
developing meann to correct for the effects of the reflecting plane{ e.g., ace
(76-78]), much Lurther work io nceded. At present it appeary thot dense
concraete, scaled anplindt, or a materinl at lennt equually denne and free from
poranitiaen ohould he apecificd for the reflecting plane.

¢, Reverberant Lnvironmant

The current natlonanl and internationul stundarde for reverberution-reoom
determinationn of both brond-band[10, 29] and pure-tone[ll, 29] sourcen give
specific room qualification procedurco.

In tha cnan of hroad-bend nound, determinations of the apparent sound
power level of a reference sound source are carried out for at lenst eight
different aource loentions, In order for the room to be qualirfied, the
stnndord deviationn of thin set of band power levels muat not exceed the
1imitn tabulated (as & function of frequency).

In the cane of nsourcen contnining dincrcte-frequency components, twe
alternative qualification procedures sre given. In the Clrut of these, an

13h
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urray of plx microphone positions ius uped to eptimute the sputinl varlunce of
the mean-pquare prepvsure in the room while the device unpder test 1o emitting
nodoe. Thio informution 1o uned to enter o table whieh giveo the minimum
number of required microphone procedures. Procedures are aloo given for
determining the minimum number of required oource positions.

The second quulification procedure for the newasurement of diserete
frequency components involveu mennuring the {requency response of the
reverberation room.  This 1o done by meapuring the ppace/time averaged sound
propoure level at ench of o vpeeifled series of frequencicn. A loudnpeaker,
exclted by an onclllator, is used and adjustmentys are nade for the frequency
response of the loudnpeaker and measuring instrumentation, ‘he appurent
ntundard deviantion of the frequency responsc over cach frequency bund must not
exceed a tnbulated 1imit.

15.8. Calibration

A mensurement stoendnrd should speelfy what ealibration proceduren are
reguired in conJunction with normal tenting procedures and also what
calibration procedursn are required {(e.g., annunlly) in order to choure
proper functioning of all inotrumentation.
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15.6,

16. Caleulntion Procedures

o The measuremunt otandard ehould elearly and unambignowsly speetfy all

caloeulation procedurcs that ave required in arder to earry ont
meauuremento in aceordance With the otandard.

16,1, Currection for Background Nokre

Correcetionos for background nojse were dipcunsed in Seetions 12.3 and
A meavurement stundard should clearly indieate how nuch background

noiace 1o permivaible and whether or not corrections for background noine are
to be made, If corrcctions arce to be mude, the astundard should clearly spell
out the correctlon procedure to be used.

Concider the following differences in the anpproach to buckground noloe

corrections o taken in the current (draft and approved) internatiopal
stundardy for sound power determination:

-

Precision metheds for anecchole und semi~anechole rooms{1h ]

The buackground noise must be nt lemst 6 dB below the meospured sound
presoure levels, For background neilse between 6 und 15 dB down, the cor-
rectionu given in Table 3 (Scetion 12.3) are to be appliced. The
vorrectionn are rounded to the neareaot 0.1 dB.

Precinion methede in reverberation rooms[10,11)

Bame an sbove except no corrections are applicd when the huckground
nofae in more than 10 dB dawn. (Thls reflects the grenter uncertainty in
reverberation room meapurements.)

Engineering methodsa for free~ficld conditions over n reflecting plane[13)

For bockground nolue that 1o 6 to 8 dB down, w 1.0 dB correction iu
applied, For bnekground nofse that in 9 to 10 dB down, n 0.5 db
correction 1u npplicd.

Englneering methods for speciul reverberntion tent rooms(12]

For bnckground noine that ko b to 5 dB down, a 2 dB correction in
epplicd. For buckground nolue thut in 6 to 9 dB down, n 1 dB correction
in applied.

Survey method (free-ficld conditionn over a reflecting planc)[15)]

For hackground noine which iv 3 dB down, n 3 dB correction in
applicd. Otherwlne, same wn previoun stendardf12],
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Many astandarde require the buckground nolse to be at lenst 10 dB dewn and
permit no correction.

16.2. Carrection Tor Teat Envirmment

A messurement otandard should clearly delinente what correctiono, 1f wny,
are to be made for the influcnce of cuch factors ug:

- tent roam

-~  peflecting planes{s)

—e temperature nnd baromctric preasure
- wind

16.3. Determinstion of Mean-Seuure Pressure

A meapuremont standard should npecify how individunl determinations of
nound pressure level are to be conbined in order to obtain the appropriate
aversge value Tor the mean-squure pressure or the sound prescure level. This
Involven hoth time nnd spntial averaging.

Bome ntandards permit averaging of' leveln, rather than of mean-~oguare
prepsure, when the ronge of leveln 1o noet too large. I aueh la the cane, the
nllowvuble range nhould be indicated.

16.13. Calealation of Sound Power

A measurement ntandard should present cxpliclt cquationn for cnlculating
sound power level for the measured datn.

16.5. Coleulation of Noise Ruting

I the final data (sound pressure level or sound power level oo o
function of frequency) are to be used to compute a single-figure rating that
is intended to correlate with nubjlective response, the computation procedure
ahowld be clearly oand unambiguounly glven. For example, o procedure which
involves application of a "pure tone penalty" should npecify quantitatively
hovw the prensence and magnitude of the pure tone 1s to be determined.

If other documents are to be referenced, the particular desuen and
relevant portiona of thone decumentn vhould be indicated.

16,6, Calcuiation of Menanrement Uncertainty

Mexamination of nolae literature revealn o general sbinence of estimaten
of wncertainties associated with meanurement or predictive procedures or with
actunl measured data, Even when such eatimates are given, they frequently are
anblguoun or inadequate,

"In nolac control engineering, there hny been 1ittle opportunity for
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direcet comparison of datu obtained by different {investigntors on nominally
identienl speeimens. Thus, there have been few direet indiemtions of
experimental crror. Furthermore, in view of the vagaries of human reapense,
1t hus been probably Justifinble teo tale the attitude that o “few decibels"
are not of much connequence. Perheps for these reanons, the uge of
uncertuinty estimates has not evolved In nolse control engineering.

"he emergence of many new and pending nolse regulations hno chenged thia

situntion drantically. Enforcement of thepe regulations requireo
manuf'seturers, independent laboratoriecs, and regulatory ugencien to conduct
measurement on nimilar speeimens. The requirement that all of' them obtain
eosentially the safe snower creatco s atrong need for renlistie, reliable
entiraten of measurement uncertalnty throughout the field of noilue control
englneering. Measurement uncertninties must be ‘known not only to enforce
equitably nolue regulations but nloo to enuble ratlonal sclection of
ecconomlonl nolse control sclutions ond to cnable relisble monitoring of the
noite environment."[117)

Although 1ittle work has been done i{n the past toward nouensment of Llie
uncertainty {nee Appendix € for n discussion) of nelse menturcmentn, of forta
ohould be made in future meanurement standards to {ncorporate specifie enlcu-
lation procedures for entimuting the uncertalnty of the finnl number emerging
from n noloc meanurement procedure.

1368

e s i g e 4+ et s A




R
4]
:
B
n
{

= Frgad arky i —Twt Wi

17, Infurmation to Be Recorded

The meaourement otandard oliowld require the following essential
items to be recorded:

o The oise, dimenmniona, deaign eharacterivtics and notoe
parformanee elafme for the vource wnder teut.

o The location, mounting and/or inatallation details o) the gowree.

e e operational and loading eharacterinticn of the vource diring
the teot.

8 A degeription of the aconntic cenvivonment fneluding teot
Jaoility, backgrownd noive levelo and enmvirommental conditions.

e Identifieation of inutpumentation wtilined.

& Docwnentation of wnavotdable deviationo from the preseribed teat
procedurcs .

o A maintenanoe and calibration record to indicate the ewrrent
calibration statua of all tnotmamentation, Calibration methoda
and pertodicity, acouracy and traccability of the calibration
devicce need to be detailed,

& ALl significant data collected dwring the teat.

o Docunantation of caleulation procedurcs utilined in transforming
the rew data into <ta final foim.

e An indication of the accouwracy and preciadfon of the data.
17.00 Souml Souree Under Pent

A complete deneription of the tent npecimen nhowld be recorded. Thiu
phould includet

(1) Gize and dimennions of npeeimen

(2) Petailed denlgn and construction characterintles

(3} Expected performance requirements {manulncturer's claimn).
17.2  Sountl Souree Inatallation Detplls

A detalled depeription or o photograph of the noloe uource s 1t In

normally 4dnntalled for wme nhould be included. Following thin, &
dencription ahould be given of:
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(1) Locaticn of powrce
(2) low source 1o mounted
(3} Inotullation of nource

Ingofar wu posuible, the test instnllation shouwld be represcentutive of normal
une conditions.

173, Sownl Source Opernting Procedures

The informution to be included under nound source operating pzocedurcu
b T

{1) Auxiliory equipment used to power the source (if any)
{2) Mow the pource wun operated during the teot
{3} What londing, 1f any, was applied durlng the teat.

A copy of the operating inotructlons lor the nolpoe nource thould be mude
purt of the record.

1744 Acountic Environment

Information on the acoustic environment nhould dnelude # detoalled den-
eription of tho tent fuelllty or silte, the nature and levels of any buackground
noise, and tempersture, humldity, bnrometrie pressure nnd wind conditions (an

pertinent).

17.5. Insteamentation

A complete lint of the instrumentation utilized when conducting the tents
ahould be recorded, including the following:

(1) Name of inatiument
{2) Manufacturer
(3) Model Humber
{4} Serial Number

In sdtion, for ench mophinticated test device there should be n achemstic,
parts llat, technical deacription of operntion, a complete nccurncy statement
{sbnolute error, repentability, effect of envirenmentnl and operntionsl
factorn, ete,), and a madntennnee end ealibration schedule (note that, for
purchased equipmant, mont or all of thin information may he pupplied hy the
manufacturer or vendor). The information noted nhove showld be readily
availeble on request.

1ho
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17.6. Speein]l Measurement Peoreduses
|

Any devintlono from the otandard method of test. or any additionnl testu
which are conducted vhould be carefully recorded.

17.7. Calibration History

For cach instrument o fully Implemented ealibration procedure phould
preseribe the method ond periodicity of calibration and the accuracy und
trocealbility of calibration devices used. All instruments should be asnipgned
an exclusive identification number ond complete recordn maintained to indicute
current calibration status at all timeo. On key instrumentotion, labels
nhowld be onffixed to indicute statun and next required calibration. In
wddition, the cenlibration preceduren utilized before snd after cuch teot
vliould be detalled, and the results of test environment qualification checks
ghould be peferenced.

17.8. Acoustical Datw snd Related Informiation

All significant data collected durdng the tentn phould be recorded,
Alno, varisble settings on the equipment which have un influcnce on the datn
nhould be noted (for exumple, goain setting on u meanuring amplifier, voltoge
snd apeed aettingn on recorders, cte.).

179, Speclul Culentarion Procedures
IL any specinl procedures are unsed to convert the dnta to pome other
meagure (for example, converting sound pressure level readings to sound power,

voltage readings to sound pressure level rendings), theoe should be
dotumented.

1710 Mesnurement Uncertninty

An indieation of the measurement uncertalnty should be caleuwlated
from the datan {nee Appendix C).
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18, Information to Be Reported

The mcaourement o tandard ohould require that the following cssential

itemo be reported:
e A complete deneription of the product teated,

o A detailed deveripiion of (1) the acountic enuivoment in which the
teoto are carried out and (2} how the deviec {o operated wnder tcot.
Datatled diagrame ahould be wtilined where appropriatc.

e Wion wnaveidable deviatione from the proseribed meamactent pro-
cedurce are neccepary, a deseviption of the mbotituted procediuren
and a Juotification for thu modification.

e A tabulation of the aconstical data in ito final form plus the
notation of any factor which iv thought to have influcnced the data.

e A otatement of measurcioent wncortainty ineluding (1) the degree of
aonfidonco placed on the measirement pesulte and (8) an indication
of the pupresentativenceo of tho sample taoted.

Not cvery tent rcport would include exactly the ssme information. To
make 1t n requirement thut each test report contain informstion on X number of
attributes would not only be wasteful and unnecessnry, but nlne detrimental to
the whole testing procenn. In general, however, there are five arean where
information should alwnyn appear in o tent report == thene are briefly
described beolow.

18,1, Mdentification of Svurce

The test report nhowld contaln @ complete dencription of the product
which wan tested. Information to be included would be the manufocturer's name
and addresan, model mnd aerial pumbers of the product, n devcription (anad 1r
appropriate, o dlagram) of the appenrance of the deviee, itn conventionnl
operating chavacteristicn, and the performance claimn of the manufaclurer
which relate to nolpe.

18.2. Source Inatallntion and Operating Procedun

A detafled degeription, witn aisgrams where appropriate, of the scoustic
environment, in which the tentn ars carrled out phould he included in the-
report. An part of thin demeripiion, the loention of theé nound source in the
teat environment, ita mounting configuration, and its spatinl relationahip to
the meanurling syatem should be dipcusncd. A deseription of how the device 1
operated under test in an capential pnrt of the report., I the device 1n
operated in any manner other thun its conventlonal operating mode, thiu
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operating procedure should be completely described.
18.3. Deviatdons from Standard Measurement Provedures

¥hen there are no devintions from the otendard measurement procedure, 1t
in nufficient in the test report to merely cite the measurement procedure
employed. If there are devistions from the mespurement procedure, the
follovwing information ohlould be included in the tent report:

{1) The section{ne) of the ptandard test methad which has {have)
been deviated from.

{(2) A complete description of the method and procedures which hove
been subntituted.

(3} A convincing Justification of why the standard mesgurement
method wan not followed,

(h} An entimote of the uncertainty due to deviationn from standard
moanursinent procedurcs.

184, Acowstical Dinta and Related Informmtion

A tabulation of the acountienl datn in fts fipal form (that 4in, 41 any
convernion factors have been wpplied to the originual data) should appesr in
the test report. If there are uny factors, auch an relative hunidity,
burometric prensure, wind npeed and tempernture, which the inventlgator
heldeven moy have influenced the datn, these ahould be accounted for in the
test report.

18,5 Mesmrrement Uncertainty

The nection on measurement uncertalnty should inelude two poarta, Flrat,
there should be pome indicator of the degrea of confidence which can be
placed in the measurement results. This could be exprenned in termg of
standard error, confidence limitn, or nome other appropriate statistical
fantor., fecondly, there should he aome ntatement that indieaten how
confldent the testing laboratory im that the smmple it has chosen and tented
1a representative of the product llne. Agaln, thia sphowld be ntated
ptatistically, I a number of suppenedly ldenticnl producta were tested, the
atandard error snd the range should be reported and an attempt made to
eatimate how much of the varisnce 1n due to anmple differcnces and how much
to measurement uncertaintien,
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PART HI SELECTION OF MEASUREMENT METHODOLOGY
APPROPRIATE TO A SPECIFIC PRODUCT

! This part of the report conusintn of n serles of flow charts which
depicet the development of approprilate procedurcs for mensuring the

i nolpe emiuvslon of particular cluoses of products. These charts are
intended to nerve oo remindern and check lluto of the factors which
are diveusoed in detnll in Parts I and IT,

Figure 35 showys the overnll development of upproprinte test
proceduren. The five Loxeo shown with henvy borders are expanded
in Flgures 36-ho.
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H OPERATIONAL MODES B
- INDICATIVE OF
N SCHEME PRODUCT USAGE

| APPROPRIATE
i CLASSIFICATION §

AFPROPRIATE

INSTALLATION

AND OPERATION

OF SOUACE PHYSICAL
MEASUREMENT

e CONSIDERATIONS
APPROPRIATE

MEASUREMENT
LOCATIONS

CONSENSUS
STANDARDS

AVAILABILITY
OF . CONSTRAINTS

EQUIPMENT

AVAILABILITY
QF
FACILITIES

QUANTITY TO BE
MEASURED

R CRITERIA

NOISE
EFFECTS
DATA

APPROPRIATE
TEST
ENVIARONMENT

APPHOPRIATE
INSTRUMENTATION
SPECIFICATIONS

ACCURACY AND
PRECISION
AEQUIREMENTS

AVAILABILITY
OF TRAINED
MANPOWER

TOTAL
ECONOMIC
PURDEN

( APPROPRIATE TEST PROCEDURE )

Flgure 3%.
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Development of appropriate test procedure,
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DOES A CLASSIFICATION
SYSTEM EXIST

FOR THE PRODUCT

IN QUESTION?

NO

!

t YES

DOES EXISTING SYSTEM LEND
ITSELF TO ACCEPTANCE AS A
CATEGORIZATION WITH NOISE
AS THE ITEM OF CONCERN?

+ NO YES

SCHEME APFROPRIATE

DEVELQOP A CLASSIFICATION
FOR PRODUCT NOISE EMISSION

l

#

DEFINE THE LEVEL OF DETAIL
THAT MUST BE REACHED BEFORE
A MEASUREMENT PROCEDURE
CAN BE UNIVERSALLY APPLIED

APPROPRIATE
CLASSIFICATION
SCHEME

Figure 36, Development of mpproprinte elonnsificntion

neheme.
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APPROPRIATE
SCHEME

CLASSIFICATION

CONTROL OF
PRODUCT
OPERATION
(E.G., OPERATOR
OR AUTOMATIC)

SOURCE
MOBILITY
(STATIONARY
OR MOBILE}

NOISE
EFFECTS
DATA

Y

Y

Y

Y

DO USAGE DATA EXIST WHICH ESTABLISH THE
"NOAMAL OPERATION" OF THE PRODUCT?

*NO

DEVELOP THE NECESSARY
DATA BASE THROUGH
THE CONDUCT OF A
USAGE SURVEY

#

'

YES

#

OBTAIN A DATA BASE THAT CORRELATES THE PRODUCT NOISE,
OVER THE RANGE OF OPERATIONAL MQODES, WITH THE EXPOSURE

OPERATIONAL MODES
INDICATIVE OF
PRODUCT USAGE

Filgura 37. Tdentification of operational moden indlentive of produet,

unbge,
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P

O T

WHO IS AFFECTED?

WHAT ARE THE EFFECTS?

OPERATOR

HEARING DAMAGE

PASSENGER

COMMUNICATION
INTERFERENCE

BYSTANDER

ANNOYANCE

NEIGHROR

A

COMPLAINTS

EXTENT OF
NOQISE EXPOSURE

NOISE

EFFECTS
DATA

‘Flgure 30, Collection of nolne effects dute.
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Flgnre W0,

INDICATIVE OF

OPEAATIONAL MODES
PRODUCT USAGE

Y

QUANTITY TO
BE MEASURED

PRODUCT
CHARACTERISTICS
{PHYSICAL SIZE,
MASS AND ENERGY
INPUT/QUTPUT)

INDOORS)

TYPICAL USE
LOCATION
{OUT-OF-DOORS,

Y

WOULD DATA TAKEN INDOQORS
ALLOW FOR PREDICTION OF
NOISE LEVELS IN ACTUAL USE?

+ YES N

CAM TESTS BE PEAFORMED

INDOORS?

YES

Y )

NO

Y

0

LABORATORY IN-SITU

QUTDROOR SITE

Y

Yy

{

FACILITY EFFECT OF
REQUIRE- INSTALLA-
MENTS TION

SITE
REQUIRE-
MENTS

EFFECT OF
WEATHER

APPROPRIATE TEST ENVIRONMENT CRITERIA
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Appeastix A,

List of Participnnts st Government/Industry Mectings on Noise

Meanurement Methodology for the Environmental Protection

Apency’s Noise Emission Regulations

Meotdngr nte
Reprencntatives of July T, 1912
the Aosn, of lome
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{Al1AN)

Reprenentatlven of July 20, 1972
the Amerdcon Rood

Bullders Asen. (ARDA),
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Induntry Manufacturers

Puarticipanty
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W. Leasure, Jr. (NB3)
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He Phillipn (ALAM)

J. Weizeorick (AHAM)

J. Benoon {CIMA)

J. Codell ITII (Codell
Conntruction Co.)

it. Crowe {ARBA}

G, Diehl (Ingersoll-
Rand)

Annn. (CIMA), nnd
contractors

Reprenentative of
the General forvicen
Admipistroation (GIA),
Publie Eullding

' Servicen

Representative of
the Acowsitlceal and
Inoulating Materialo
Asan, (AIMA)

Repranentatives of
the U, fi, Pantad
Berviee (P. O.)

November 13, 1972

November 29, 1972

Necember b, 1972
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D.
H.
.
W.
B,
J.

.

H.
I,
A

D.
H.
H.

b
R.

Y.
A,

Flynn (HDS)

Lund {Contractor)
Larmore (CIMA)
Lesnure, Jr.({ HDS)
Miller (ALDA)

Oman (Oman
Conutruction Co.}
Powloon (Tenncunsee
Road Bulldern)

Lennure, Jr. (ND3)
Rlee (GDA)
Rutdn (Np3)

Flynn (KD3)
LaConoa ( AIMA)
Leapures, Jr. (NBS)

Cornog {P'. 0.)
Flohr (P. 0.)

Hull (P. 0.}
Lensure, Jr. (NBS)
Rubin (HI13)
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Repregentativen of
the Dept. of Trann-
portation (DOT),
locomolive manufac~-
turers, the Anon. of
American Itailrondo
(AAR), snd the
American Short Line
fullrond Ansn. (ASLRA)

Reprenentotiven of
the Adr Conditloning
and Refrigeratlon
Institute (ART)

Reprencntativen of
the National flece~
tricnl Munufacturern
Aann, {NEMA)

Representativen of
the International
Snovmohile Induntyry
Asen, (ISIA) ond the
fSoclety of Automative
Engineera Motorized
Anow Yehlcle Gub=-
committae

December S, 1972

December 6, 1672

December T, 1972

Pecember T, 1072
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P. Baker {Genecrul
Fleotric)

D. Broy (DOT/FRA)

W. Clope (DOT/OHA)

J. Coxey (AAR)

It. Crort {ASLRA)

D. Flynn (NBG)

K. lawthorne (AAR)}

W. Lensure, Jr. (NDS}

R. Lucus (DOT/FRA)

1. Privrumoky (General
Motors)

A. lubin {NBS)

J. Wesler (DOT/ONA)

W. Baylens (Borg-
Wurner)

R. Kclto {Air Temp.)

W. Leasure, Jr. (NBS)

A. Meling (ART)

A. Tubin {WDS)

J. Scehrelner {Carrder)

W. Lessure, Jr. (HD3)
H. Michener (NEMA)

R. Nims {NEMA)

R. 0'Ieden (NEMA)

As Tibin (HBS)

J. Herner (HEMA)

J. Arbuckle {ISIA)

R. Crotenu {lombadier
Lt(lo)

J. Oieven (Deere &
Co.)

G. Gowing (Pombndier
Ltd.)

L. Hoaa (Jcorpien,
Inec.)

W. Leasure, Jr. (HBS)

J. Heabitt (ISIA)

A. Dubln (NBG)

J. Spechko (Outbonrd
Marine Corporation)
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Representutives ol

the Engine Manhu-
fucturers Assn.

{EMA) und the Society
of Automotive Engineers

(5AE)

Representativen of
the Americen Trucking
Aaspa, {( ATA)

Repreaentativens of
the Motor Vehicle
Magufacturars Anan,
(MvMA)

December 8, 1972

December 12, 1972

Decemher 20, 1972
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k. Canfield {American
Motora)

J. Crowley {Cnac)

W. linmilton {(Allic
Chuslmern}

T. lHutton (EMA)

J. Jenaen (John Deerce)

J. Johnson {Caterpiliar)

D. Xabele (SAER)

R. Low (Detroit
Diesel Allioon)

W. Leasure, Jr. (HDS)

C. Lever (Coterpillor)

R. Lincoln {Outbonrd
Murdne)

J. MceHally (Caterpillar)

J. ludolny {Teledyne
Wisconnin)

A. Rubln (HDS)

C. Solter (EMA)

R. Staadt (Inter-
national linrventer)

D. Jtephennon (Qut~
bonrd Marine)}

T, tu (International
Horventer)

T. Young (EMA)

W. Olbnon {ATA)

L. Kibbee (ATA)

W. Leanure, Jr. {ND3)

A Rubdn (HB3)

R. Tilley (Jufowey
Gtoren)

L. Dridenntine (MVMA)

J. Duminn (Ford)

. Dolan (Qenoral
Matorn)

¥, Kishiine {(American
Motora)

W. Leasure, Jr. (HPG)

. Ratering {General
Motorn}

A. .Rubdn {NB3)

k. otandt (Inter-
natlonal llarventer)

R. Yiewlg (MVMA)

R. Wnako (MYMA)
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Appendix B,

Pertinent Sections of the Noise Control Act of 1972

For the bepefit of those readers not fumiliar with the lolse Control

Act of 1972, Public Luw 92-57h, the following summary of pertinent seetions

ol the Act 1p presented.

NOISE EMIGDION CIANDARDS FOR PRODUCTS DISTRIBUTED IN COMMERCE

See, 6.

Jee, O,

dec,. LT

EPA in glven authority to preseribe and omend standards limit-
ing noloe peneration choracteriotien for any product or cluus
of productp which has been identificd no o mujor source of
naige and which falln in the followipg cutegories: conntruc-

tion cquipment, trancportation equipment (including recreabionsl

vehicles), nny motor or englne, and electricnl or elvetronic
equipment.,  EPA muy lppue regulotions for productu in other
categorien 1f 1t 4o necessary to protect the public henlth o
welfare.  fThe standards must be "..,.,bosed on eriterin pub-
Iivhed under Section 5," and "requinite to protect the publie
henlth and welfare, toaking into account the magnitude and con-
ditlonn of use of wsuch product {alone or in combination with
other nojse nourceas), the degree of nolse reduction achicvable
through application of the beat nyailable technology, and

the cont of compliance.”

The manulncturer of regulated products muot warrant that itn
product in designed and bullt uo oo to conform at the time of
uale with anch regulation. The cont of this warrsnty connot
be pansed on by the monulacturer. Staten nnd politicel nube-
diviniona are prohibited from setting nolne eminnion leveln
different from thone promulgnted Ly EPA, but remoin able to
regulate uae, operntion or movement of productn.

LABRLING

For any product which (n} emitn nolpe capable of ndversely
affecting the public heslth or wulfare, or (b) in nold wholly
or in part on the bands of ity effectivenenn in reducing
naise, the EPA muat require the manufncturer of puch product
to give notice of the nolne level or 1tn effectivenons in re-
duedng nodne to the consumer. FEPA's regulations munt indicate
the form of much notice and the method and wilt of messurement

munt be prescribod.
BATISOAD NOISE EMISSION GTANDARDS

Aftor conpultntion with the Department of Yransportation,
FPA 1g required to promulgate regulntions for surfnce car-
rlervs engeged An interntate commerce, Ancluding regulations
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governing nolge emission froim the operatlon of equlpment

and focilities of such carrleras. The effective date for such
regulations must permit the development and application of

the requisite technolegy., The Sccretary of Tranocportation

13 charged with the reoponnibility of nasuring complinnce

with EPA's regulatlona. Stute and loenl governments are pro-
hibited from estoblishing operational noise emiasnion limitn
different from applicable federal ntandards, but the Adminis-
trator may allow o different ostandard if he determines 1n con-
asultution with the Sceretury of Transcportation thut locul cone
ditiono neecessitate such ditf'ferent regulations.

MOTOR CARRIER NOISE EMISSION STANDARDS

See. 10 The provioiopu of this seetion are nearly tdentical to Sce. 16
except that they apply to “u common corrier by motor vehicle,
a contract carrier by motor vchicle, and a private carrler of
property by motor vehicle no those terms are defined in the
Interstate Commerce Act (W9 U.S.C. 303{u))."

DEVELOPHENT OF LOW-HOISI EMISGION PRODUCTS

Bec. 15 Provides for Federal procurement ol and public notlce about
preducty certifded as "low-nolnc~emisoion produets” {defined
an:  any product which emltn noice in amounto nignilficuntly
below the levels specificd in nolse eminndon ntandards under
regulations applicable under See. 6 at the time of procurce
ment to that type of product). The Adminfotrator in allowed
to cotablinh o Low=Nolne-Eminuion Product Advisory Committee
to anpint him in determining which productn qualify, Once an
application for certification in received nnd the product ins
determined to be o low-nolse~eminnion product, the Adminlotrator
munt certify the product an such if he determinen that the pro-
duct is a osultable pubstitute for o type of product at that
tidme In une by angenclen of the PFederal goverpment. Varlous
inntructionn ap to when the Federal government is required to
purchune such productn and when the EPA in redquired to pub-
l1inh information about 1ty determinntions are glven.”

In netting noine emlanlon standurdo for productn distributed in commerce,
the Environmental Protection Agency in required {sec Jec. 6 of Public Law 92~
5Th) to base thene stnndardy on eriterin published under Jec. S, Dection 5
of the Act 1a pmummarized below:

IDENTIFICATION OF MAJOR NOIGEK GOURCES, HOISE CRITERIA
AND CONTEOL TECHNOIOGY

fec, 5 {1} requiren EPA to publinh eriterin whlch reflect the kind

nnd extent of &ll identifiable effectn on the publie henlth
or welfures reaulting from differing quantitien and qualitien
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of nolae (within 9 months); (2} requires EPA to publish infor-
mation on levely of environmental noioe which in defined arensg
under various conditionn are requiclte to protect the publie
henith and welfare with nn adequate margin of safety (within
12 montha); (3) requires EPA to publish o report identifying
major sources of noive, wund giving information on techniquen
for control of noive (within 18 months).
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Appendix G,
Uneertaninty of Measurement

I quuntitative noloe repgulaticenn are to be effective nnd equitable, 1t
ig egoential to have a good understanding of the uncerininties extunt in the
uopociuted meacuremento. In legal procecdlngs this uncertuinty reprecents the
"ohadow of doubt" asseoclnted with o menpurement. A clear statement of the
tactors entering into the uncertuinty computation and the datn on which it Lo
based phould be availoble for "erouso-vxamination.”

In u legul proceeding (mund in regulatory operations generully) a
ptatement aug to what messurement proceos would be accepted as correct 1o o
neceonity == otherwise regulation would not be possible. The uncertainty ol o
measurement should therefore be stated in termo of the results which wouwld have
been obtained by the "secepted” proceus. In the case of some ptandarde,
reference to the unlt ao mainthined by the Natlonal DBureuau of Standarde suoy be
appropriste. In other cases, results by o pelected ngency or by an aversge of
the measurement processes of severoal organizations may uerve us a reference.

Two charucteristics of messurcments must be accounted for, Firpt, that
succensive meapurements of the same quantlty will disagree, and second, that
the long~run avernge by two difference realizntions of the sume method of
measurement will ddffer, One's model of o measurement process munt therefore
be enlarged to inelude both the variability and posnible affaet of the procens
from thut which would be accepted ag correct.

It 1o in the concept of a repetition of o menpurcment that the
uncertalnty of mennurement can be glven operational meaning. Mespurements can
Be regarded uo arinlng from o procens whose properties can be determined from
on apprepriaste sequence of ouch repetitions, It lu only when onz can attribute
the propertien of the process to the lnolated ningle mensurcment that o
defendable stotement of {tn uncertalnty can be made. To Le nble to do thin the
procesn must have predictability, f.e., be 1n o stoate of ntatintical control at
the time of the messurcnent so that the uve of the current valuen of the

procens parametern io valicd.
LAmits for the BEffccts of Huondom Irror

The erucial step in wovenning the effecty ol *rondom error is thut of
defining the set of repetitions over which the measurement 1o to apply. At the
very minimum it would involve repetitionus with the same lpostrument-operator-
procedure conflguration. It would include wompling varinbility when that in
appropriate and include a nusber of copponents of varinnce nuch ap those
nusocinted with day-to-day differences, operntors, instrumenins, cote,

A1l of thene factorn which enter into the random error caleulation could,
in prineiple, be varied in repeated mensurement, #o thut thelr effectn could be
mitigated Ly nvernglng over the set of repetitionn. Thone which cannot be so
averaged out are regarded an ayntematic errorn which account for the offaet of
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one proceas relative to another.

To anpess the possible extent of random error of the quantity, y, where y
tn a speeified function of randem variebles Xya Xy oo Xootnd canglanty g,
Cmy s s« 80 that y = T (%5 x5 « 0 & Xos Cya ¢, .% +), let us apsume that i
atandard deviation, s, 1 aviiilable. "Thii stiindard deviation will, in
general, involve many” componento of variasnce, the constantn, ¢, und will
depend on the functionul form £°{). To go from this ntundard déviation to a
bound for the randem error {(c.g., three standard devintions) involves nome
arbitrariness both in the awsoumed nature of the probability distribution
Involved und the desired degree of coveragpe,

Of'fpet of Meusurement Proceos

The offset of one measpwrement process relative to another {or of a
process from that accepted nntionally) may arloe from deficlencics in the
mathemnticnl model or in renlizationn of the ppecitied process. To thio one
must add systematie error in the preoeribed ntandards, and the fact that the
correctionn for environmentul and other effects may not wceount for all the
ef fects of such varinbleo on the particulsr measurement pDroceos.

The proceduren for arriving at bounds to the posuible offuct of the
procens will involve dircet mensurement by introducing changes into the procenn
and observing the effect, the use of voluet from critieal experdments run on
similar procenpes, snd other onimilar techniques whicll have in common the fact
that they are beacd on observation (hot Judgement).

In some ennep 1t 15 poonible to determine the offoet ol a menourement
procesn by measuring o "control" in the lorm of vome referecnce meter or
stnndord aignul. It 1o necesunry that the reference items be similar in all
importont reapects to the ftemn bedng measurcd, and that 1t be meaosured by the
aome procedures wed In the regular workload, When the blap correction in
mude, the procean would be regnrded ag being free from nyutematie errors from
the source reprencnted by the {tem. The random error in the applied correction
hecomea part of the random errox of the procenn, of couroe.

Control of Mensurement

At pome point dn time one will have valuen for the bound, [, to the
aeffect of random error and a bound, E, for the posnlble offuet of the procesn
relative to nationally usccepted reforence ntandards or measurcment procensen,
Thene valuca arn used to characterlize the procenn and these propertien can be
applind to Andividual menaurementn from the process 1f the proceus remainn In o
atate of control.

Bome evidence 1n therefore neoeded to entablish that the procesn is "in
control," Meanurementn in a refercnce item mnde perlodically thiroughout the
yrar are an exwaple of the type of redundency needed to provide the ansurance
of conalatency, When coupled with an independent outnide check on the of foet
of the precens, cone has evidence of the vallidity of the uncertainty statement,
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An oul of control condition signifles that predictabillty hns been lopt
snd one should therefore redetermine the process parameters to arrive ot o new
uncertalnty utatement.

Uneertainty

The uncertainty of a reported value could, in prineiple be reduced to #E,
the offnet or systematic error of the procest, by increaning the nunber of
meapurements to be made. Any such lncereanse in the number of tenpurements would
not change the proccoo nverage, of coursne. I one or only o few measurements
are mude, then the uncertainty io increased Ly the random errorns go thut the
uncertalnty® of n meosurement from a process In control Ia

uncertuinty = +(E + R)

e modification for msymmetrical limitp are obvious,
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Appendix D,

Pussible GATT Code of Conduet for Preventing Technical
Barriers for Trade

The Unfted Stutec and other major trading nations through the General
Agreement on Tardffs and Trode, have been investigoting the internntional
trude problemps arlsning from the development of different reglonal, natlonal,
und local product standuards and technleal regulations and the varlous pro-
coedurens for nsouring conformity with them[1]. Moot of these stondards
barriers are side effecto of effortn Lo protect the public welfare rather than
deliverate diserimination, nnd the GATI negotintors are trying teo find a
nolutlon that will not hamper the achievement of these objJectiven{2].

The following discusslon on the GAIT code of conduct is reprinted from
the ASTHM Standnpdivntion News with permiscion of the American Society for

Teoting and Matertnls[1]).

"It wan the recognition of the problems presented by ctandards and
the inadequucy of the GATI proviclonn for deallng with thum that led the
contracting pnrties to hegin the development of o standardo code.
Murthermore, the United States and other countrien were becoming
inereaningly concerned about Europesn plans to conclude regionnl
standards arrangements on an exclusive baoio.  In 1971 Working Group ITI
of the Committee on Trade in Industrinl Products began the drafting of
nuch o code. The working group ungreed on certain hypothescn of which
two should be noted. One wan that the solution developed nhould take
the form of n binding code nubject to n reservation that the finnd
Product moy be changed to o voluntury code or net of principlen.
Another wns that the OATT uhould nol become involved in writing
atandards or certifying that products conform to stapdards.

"The draft GAPL standnrds code which wan developed denln sepnrately
with the preparation, ndoption, and une of mundntory standardy by
central and local government bodies; the preparntion of voluntory
astandnrds by central snd locul government bodien; nnd the preparation af
atandards by voluntary standerds bodies. In eoch cunue standards are to
be formalated nnd applied no as not to afford protection to domestic
production, and they are to be based upon 'approprinte' Interantionnl
standardn.  There phall be active participation in Enternntional
ntandards organfzationn. Wherever approprinte, standardn are to be
specdficd In termn of performance rather than desdgn.  Proposed
ntandards not bnoed on internationnl stundardn must be publivhed,
conplderntion glven to comments recelved, ant n rennonable time nllowed
for forelgn nuppliers to adaplt to the standndo (except when urgent
problema of henlth, nafety, cnvironmentnl protection, or natlonal
necurlty exinl)., ALl mondatory ntnndsrds must also be published. In
nddition, adherentn of regional atandnrdy organlzabions shall upe thelr
"beat efforts” to enpure that the standards will expedite progrenn
toward the prepuration of international standards and that the reglonnl
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orgunizations comply with the requirements Just deseribed,

"Compliance by local government bodies iu subject to 'reasonuble
means' belng used to ensure complinnce with these requirancnts.
Similurly, standards of voluntary bedies (such an ANGI) arce conditioned
by a 'bent efforts' atipulation,

“In determining conformity with mundatory standurds, central
governments mupt likewise employ methods thnt do not nf'ford protection
to domeutle production und test methodu must be hnrmondzed, oo far sg
practicable, on an internstiornnl basis and Le published. Proceduren
should permit testn to be carrdied out in the exporting country ond
phiould recognize other equivulent test methoda.

"Where o ponltive assurance ip required that imported products
conform to a mandatory standard, whenever posoible n deelaration by the
supplicr or by o quulity asoursnce body in another member country phould
be accepted, I tests are earried out in the dmporting country they
should be on the game boain ag testu of domeotic productn,

"Where quality asournnce pyotems are operated or relied on by the
centrsl government to agoure conformity with fto mandoatory standoards,
the code contalnn safeguardn ap to fairpnens and nondinerimination. lierc
a major difference of view exiotn, particularly when the quality
appurance ayatem in internationnl or reglonal in aature. The U. G, view
18 that participation Iin quality ansurnnce systems should be open to all
signatorles of the code from the outset and apply equally to forcfgn nnd
domentlc nuppliern. Other countrien have argued that there nhould be
allowance to limit participation In the initinl otages of the oyanten,

"There are provisions in the code Lo ensure that informatlon be
readily avallable about atandards and quality assurance systemu., A
place vhere such information muy be obtsined ip to be entablinhed in
each country and relevant technlenl ansiotance in to be provided to
gligmtoriea to the code, copecinlly the developing countrien.

"Some countrien have expreaved reservations about bhe retronctive
provinions of the draft code. Thin nection ntaten that 1 exiating
gtamdards -~ mandatory or voluntary -~- or qualiiy ansurnapnce pyntemn
nfford protection to domentic industrden, then ofgnatorlen shnll bring
them into conformity an noon an posnible, Thin would have different
conaenquences depending on the nature of the chnngen required. For
example, retroactivity involving changen In exipting leglnlation would
be conoiderahly more difficult then changen in adminiptrative
regulntions., Finalizstion of thin acetdon will awnlt completion of the
other sections of the code.

"Finally, a *Committee for Preventing Technical Parriern to Trade’

would be eptablished for algnatories to conmit on Implementatlon of the
code, Lo investigate complainta, and to recommend actions after
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completion of an investigntion. It s also proponed thut the committee
be empovered to anuthorirze suapenoion of code abligunticns for violntors
and refer serious viointions te the GATT contracting parties for
appropriste uctlon. This question of panctionn 1o controversinl and
some eountrien favor other, leno severe enforcement provimilono,

"Some of the drafters also have rewervations about the binding
nature of the code, particularly over the diff'erence in how 1t would
aff'ect the obligutlon of a federal au oppooed to n unitary form of
government,, In the former many mandoatory standards ware developed by
ptatie and local bedien which the national government in some canen may
not effectively control. In the latter all mandatory atandards oare
developed by the nationnl government, A related problem io that pome
countrien mudntnin only mandatory standerds while in others there ave
many voluntary and vo-called 'quaoi-voluntary' onco. (Quusi-voluntory
standards are these that are developed in gsome European countries by o
cooperative ef'fort between induntry and government, but are voluntary
with the proviso that they can be made mandatory at the option of the
government.) Thus, those countries that rely mainly on mandatory
standards would nupume grenter obligationd under the code than thooe
that rely on voluntary or quasi-voluntary standards. The deaf't caode
will addresn these problemus by placing different levelp of obligntionn
on the aignntorien.

"Ohviounly the effects a binding internntional code of standardn
vould have cannot be fully meanured until Linal agreement ia reonched on
specific provislons; however, a few conclusiona can be ventured with a
falr amount of confldence. In the first place the role of internationnl
atandardization and the orgnnizationn which perform 1t will become much
more impertant. From thnt fact will flow greatly lncreased
renponnibiliticn on the American National Standards Inotitute (ANSI) and
ita activitien, nince ANII representn the U, 5. dintereat in
internationnl ntandardizntion work by the nontrenty orgenlzationn such
ag the 150 and IEC {the Internatlional Electrotechnicnl Commisplon),
vhich 1in fact perform much of the internntional ntandards work. ARSI
%¥111l therefore need the full support of the whole tpcctm of American
indusntry 4 4t in to bave the otrength and resources to fudfill ita
tank,

"Americoan industry should bLenefit from the code, The code will
encourage open certification myotemn In which our induntry cen
perticipate 10 1t 1n willling to answae the responnibilitien of
membership,  Thus the certification arrangementn of CEN (Furopenn
ftandardn Coordinating Commnittcee) and CEURLEC (Muropean Committee for
the Coordinntidn of Electrotechnical Standards) would have to be open
inatead of rentrlicted to Huropeans as they are nov., In additlon the
code Would place aven greater preanure on the Iuropean communitlen to
use internaticonal normu In developlng thelr reglonul stsndardo and
certid fication ayatema.

"Filnally, the code may ncceositate chonges in current U. 5.
leginlation and administrutive practicens of regulntory bodico. This
saprct 48 complex ond 18 belng enrefully explored.”
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Appendix E,

Methods of Labeling

In the development of approprinte procedures for labeling products as to
Lhedr nodne emisslon, 4t in useful to distinguich among the tollowlng four
concepto!

o]

Neterminntion of the nolse emisslon of machinery or equipment
involves the wetunl meanurvments which arce carrled out nccording to
u speclficd teot procedure.

Benlgnation of the noise emionion 1o in terms of u particular
quantity lnuch an A-weighted sound power level or perceived noine
level) exprevved in o particular unit (puch ao decibel).
Pesignation frequently invelven combining the measured duto in o
preceribed manner in order to obtnin some aingle-flgure rating,
ununlly one that can be expected to correlate with lhuman responuse.

Clannificatian involves syntemntie arrangement of designated nolue
emivasion valuen into groups or cutegories according to entublinhed
eriterin., Claopification typlenlly implies subdivinion of the range
of nolse emioolon values Into a serics of intervaln which are large
cnough that the difference between adjacent clawsses is
"wigniticont”, in some senne. These intervalo may he of fixed,
equal nize (c.g., 5 dB) or may be derdved in o ptatistienl ncnoce
(c.g., quartiles). Clasrification frequently, bubt not alwuyn,
Impliecn nome form of coding in which a nyntem of wordns, numbers,
letters, or other aymboln 18 uned to repreqgent the several elappen,
The coding pyntem can either be "aboolute", go that a given nolue
eminoion value would alwaysn he anslgned the name coding aymbol, or
"relutive", vo that the coding symbol conveys information coneerning
the relationship between the noioe eminnlon wnlue of n pnrticulas
machine or model ond the distribution of neise emlunlon valuen for
the family of aimilar equipment. The coding may aloe convey
information about the particular family to which the machinery
belonga, the year to which the clannification corresponds, or other
information necensnry to minimize any posnible confunion.

labeling menny to furnish or affix written or printed matter in
order to furnish the purchaser ar user with informantion concerning
the noine emipplon of the product. Thin Anformation may include the
designation of the actual noloe eminsion andfor the clannification
of the noine eminnlon.

Yoluntary otandardn arganizations have been and are addressing the

queatliona of how to denignate and/or elannily the nolse cminolon of productn.
A recent natienal standard[l] designates the nofne emlsslon of small
stationary sourcen in terms of the Product Noipe Rating (FNR), which ia
abtalnad from the A-velghted nound power level, adJusted by o conntant puch
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Lhat the rating is npproximutely cgunl to the upace average of the A=weighted
sound pressure level nt the specified rating distance (usunlly 1 meter).
Radiation rom a sound nource an # reflecting surface is asgumed,

At the dnternational level there currently 1s Interest in expressing
nolce emioslon directly in terms of the A-welghted sound power level, with the
unit being the bel rather Lhan the decibel so ag to reduce cenfusion between
sound pressure level and sound power level{2]. Sueh n document has Junt been
spproved at the national level[3].

A group under ithe Jurisdiction ot IS50/TCH3 (Acounties}/sCl (Noine) i
currently considering n possible internationanl standavd on classiflicutlon and
labeling of equipment and machinery as to nolse emlsnlon. In the current
draft of this proposalll]}, noise emiosion would be designnted in terms of the
A-welghted sound power level. An aboolute clasnoliffcation ncheme 1s proponed
in whilch the sound power level {o rounded up to the nearest 5 dB, The
propoded relative classiffeation selieme also uses n 5 dB class interval: Claonp
1 would include muchinery which i "repreventative of the gusranteed noluc
emionion number to be cxpected from well deolgned machines of good workmannohip
belonglng to the family® in quention;" Cluus 2 would include machinpen for
which the gunrantecd neoipe emiosion fu 5 dB leas than 1n Cloaas 13 Claos 3
machinen would be at lenot 10 db quieter than those in Clanps 1, ete. It has
been ouggented that the Claop number be ldentified by showlng the appropriate
number of stars.

In conuidering classificatlion or labeling vchemes for noine emisnion it
ia important to consider who 18 the intended uner or audlenee. A label, or
other documentsation, which conveyn the nolsc eminslon denignation and/or
clansifieatlon ahould enable falr comparisons among competing products and
phould asslst purchaners op users In anacsning the noine Impaet of the
product. The user, however, mey be, for example, (1) an engineer who needs
to determine the effect of the preduct on complinnce with hearing conservation
regwdations, {2) a copstruection superintendent who has to comply with zonlng
regulations, or (3) n private citizen who nimply wants a “qulet” appliance for
hin home, Both the inTormatlon needn and the technical wophiatication of
theae usern will vary wldely and the information conveyed muat be adequate for
the mora pophinticnted user while at the soame time munt not be confuning to
perponsa with lesa technical backgrounds.

The scountienl conuulting firm of Dolt Beranck and Newman han Juat
completed, for the U. 5. Fovironmental Protection Agency, n study of problema
and conslderationn involved in labeling preductn an to thelr noise emlnpion or
econtrol characterioticn. Thun in this brlef appendix there {n ne need to
delve very deaply Into the many questionn involved with eptablinhing o viable
noine labeling progrum. Nowever, there are o few key points that con
heneficially he mentioned.

Miote: TA fomily of machines or equipment {s & growp... of o aiadlar design or
type or meeting the aame performance requirements for which 1t 4a reanonnble
to satablish a noinse class,"”
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Lubeling Jata could be provided in two ways., The label itself might be
in the form of detalled ncountle dutna, e.g,, octuve=band sound power levels
which the uscr could utillze in placement of the machines within the
workplace., Or there could be a "cookbook" upplicntion gulde which would be
wied in conjunction with the almple general public lubel which would wllow the
purchaner to predicet what sound levels could be exprcted nt gome distance from
the neoiue source, c.g., at the properly line, There are several potsible
labeldng schemes which deserve consideration. They lnclude slngle number
ratingu, nlngle letter ratingn, color codes, actunl sound level values or sebs
of datun.

A vingle number rating hos, ns 1to main value, simplicity. lHowever,
public cducatlon would be neceosury to assure ncceeptance nnd thus succcso of n
tingle number labeling oclieme. Asgume that products can be lebeled on o
single number seale renging from 1«20, The initinl problem is thot the
difference between ndjucent numbers {e.g., difference between a 3 ond o N)
should be ncoustienlly significant. In other words, the publie would have to
be nble to dincern the produet Improvement from one number to another without
the anuistunce of nophisticated instrumentntion. In ancoustien, it is
genernlly accepted that approximately o 3 dB difference munt exist before the
human ear consdstently can detect any dif'ference. Thin question of the
neountle level change between adjuscent numbers, letters, colors, cote., in an
inherent problem with any labeling uyotem.

A pccond problem lu determining whot meaning the pumber asypstem alreody
has with the public. One might nalvely cxpect that o numbering oystem would
work perfeetly with 1 the quietest and 10 the noinient. lHowever, one could
think of 10 an belng larger thon 1; therefore, a product rated 10 wonld
pravide more of something then o product rated 1. The more in this cane could
cither he more noise or more noluve abatement. In addition, in the educational
syntem utilizing o numerical grading wsyustem, 100 1o a perfect vcore.

Tha single letter rating, like the sipgle number, hat the advantoge of
belng simple. Morcover, the problem of public education might be sorewhot
conler, because mont people in the United Staten huve been exponed in varying
degreen to the formal education process thnt traditlonally utilines an A, I, C
grading aystem. In all canen A is the bount, Aluo prople have been further
fomlliarized with this grading syntem uince 4t 1o now applicd to the grading
of meat and dairy products, DBecaune of this, it seamn that L the bheat
product ~-~ in this case the quietent -- were lobeled A and ¥ the nolofest,
consumerns would not £ind this rating ncheme to be inconnistent with other
grading systema with which they are Lamilinr.

Une of o color code in another eany method of labeling but 1t too
involves educationnl problems. There are only three colors ~- red (atop),
yellow (caution), nnd green (go) ~~ whone meanings most people would recognize
imediately. Three colors arc probably not enough to entabliph an adequate
Jabeling ncheme. The addition of other colorn to the threc slready mentloned
rould renult in a masalve educntional problem. Furthermore, o olgniflicant
percentage of the population in partlally color blind.

A = P o s T
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Another wlternative would be to liot the noise emisslon {sound pressure
or pound power level) produced by the prodict directly on the packape itaclfl.
Thin method hao the wdvantope of giving the consumer an aboolute value which
he eun directly compare with the sound valuen of other productn, It hns been
stated (e.g. [5-6]) that consumers desire more npecific information and are
cupuble of understanding more than they are usually given credit for. For
exomple, women'u hosiery is graded wccaording to ito "gnuge". The fact that
gouge indicaten how many needles are uped in 1-1/2 inchen of the loom 18 not
importunt to know. It 1o enough thut the conoumer knows that the higher the
gouge, generally the more durable the hosiery. The same may be true abeout
sound level values. It may not be neecesonry for o peroon to understand the
technical wopectn of the deelbel, They merely need to be told enough vno that
they ean interpret in an adequate woy how A-welghted sound level 1o a measure
of u product's "noise quality". Thio could probubly be nccomplished by
innerting o well-written article 4in geme of the more popular magazines and
newspupers dlscunning in luyman's terms the meaning of the terminology nnd
unltn.,

A flpal labellng mensure which could be uped in o et of doto which
deterives the noloe emdvsion spectrum of the product. OSuch o lonbel might not
renlly be needed or useful for the general public; however, this type of
informtion might be the only lahel thus far mentioned thnt would nationfly some
of the needs of the buaniness and industrial community. The typleal plant
ovner necds informntion that will tell him whether the cquipment he 1o
purchaaing will violate any noiloe regulutions under his uoe conditionn. “This
tyre of lnformation 1u necensary no that plont layoutn can be desighed to
achieve minlmim nolne levels, utilizing natural nhieldlng of machinery and
equipment, avoiding location of high-intennity nolne nources near wolls,
reflective nurfacen, work stationd, nnd arenn frequented by employeen. A
color eode or vingle number or letter rating by dtoelf will not provide the
uaer the kind and amcunt of information he needs. Any of the aimple labelp
coupled with nn application gulde in cookbook form could perve hiln ncedn i
the gulde were properly deaigned, The decinionn made by the buplness com-
munity can involve conniderable expenditures and the purchaner could avold n
mintoke 1 14 4a ponnible to provide him with the pecesnnry information.

There 10 one voluntary labeling systems which already exists and 10 well
accepted in the ares of wncountien. The Alr-Conditioning nnd Befrigeration
Inntitute utilises 1/3~cetnve band sound power determinntions in a reverberant
room e84 the basiu for itn nound labelling aynatem. The nound power datm ore
converted 4into n ningle nunber rating (numerieal elnssificatlon scheme ranging
frum 1h=21 with inerenning noine level correaponding to inercuping numberp --
o chunge of 1 correnponda to nbout 3.3 dB) and an application gulde that
praviden the ntepa necessary to convert a nlngle number into a predicted nound
level at a gilven disteance from the source. The labeling uyatem Lo primardlly
aimed at the distridutors sand inntallatlon contractors; however, cducation
bookletn deaeribing the menning of the ratings have been developed for the

CORpUmMer.
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Since thin labeling scheme doen presently exist and has seme history of
acceptnnee, 1t will be briefly discusued to provide some additionsl insight
into the problemu anioclated with the development of a labellng scheme that
will benefit and be wderstood by the audience for which the label ig
intended,

The Adr-Conditioning and Refrigeration Institute began "sound rating”
cutdoor unito in 1971 with publicatlon of its first Directory of Sound- Ruted
Qutdoor Unltury Equipment.

Under thin voluntury program, all participating manufncturers (the modelo
linted in the mopt recent directory reprepsent more than 90 percent of the
total U. 5. output of these types of equipment) are required to rate the noise
emivosdon of thelr outdoor unito in aceordance with specified proceduren. Iach
manufacturer certifics his own equipment and he must certify his entire line,
not Juut sclected models, to be listed in the dircctory. Alr-Conditloning and
Refrigerntion Inntitute member laboratorics have the ppeeinlized facllitien
und truined monpower to make vound power measurements in o reverberant fleld.

Duoed on an Amerlcan Soclety for lleating, Befrigerating and Adr-
Conditioning Engineern tout method, the Afr-Conditioning and Refrigeration
Inntitute ntandards ond the Certification Program have been developed, One
standoard is for rating and certificntion through independent laboratory teosta
of the sound-generating characterioticn of alr conditioning equipment and
provides a uniform methed for amsigning a single rating number to thin
equipment, Mout unitn rate between 1h and 2 on the Adr-Conditioning and
Refrigeration Institute roating ocale, The rating hoo bullt dinto i1t o pennlty
for whines, ocreechen, and whintlen =~ the kind of nofne that 1n dinturbing
it may not be ndequately indicated by meter reodings.

At random, over o 3 year period, each model of each munufucturer io
retented by sn independent Laboratory to ensure the sccuracy of the nolne
rating. Enforcement proceduren are strict: 4f o unit io tested and found to
be inaccurately rated, a manufacturer munt change the sound rating, improve
the unit to meet the original rating, or withdraw from the dlrectory and thuo
loee the right to dinplay the Air-Conditioning and Refrigeration Inutitute
Souad Bating Beal of Certlticatlon on hin unita,

The Alr-Conditioning and Refrigeration Inantitute hao also developed an
application ntandard which i bnaically a "cookbook" appronch ta copverting
the pound rating mumber into nn expected A=welghted sound level that will be
produced at glven polnte of evaluntion, e.g., the property line.

Aungther program that 1s of Interecst beeaune of analeogoun problemn to
noina eminelon labeling in the voluntary labeling program which applies to
energy~conouming home appliancen[7-08]*. Figure 35 shown nn example of the

RThie program will be modified 1n the near future nince the Energy Polley and
Connervation Act (P.L, 94%=163), which wau punped on 22 December 1975, makes 1t
mandate *v for many products to he labeled an to thelr ecpergy connumption.

Thios progra.. will be earried out by the Federnl Fnergy Adminlotratlon with the
denign of appropriate lahels bedng the responnibllity of the Federal Trade
Commisnilon,
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Flgure 1.

([ energy guide

~

ASDF Corp, Madel 5508A10

8,080 Btu per hour

{cuoling copagity)
145 volty 060 watts 1.5 ainpures

EER=9.3

Entrgy Ellicency Hati eapreesied iy B por walt -hour

IMPORTANT. . . for units with tha sama cooling
capacity, higher £ER means:
Lower snergy comumption
Lawer cost 1o e

For ayailable 7,500 10 8,500 Btu per hour 115 valt
winidnw modals the EER range is

| EER 5.4 10 EER 9,3 |

For infarmation on tost af operation and solectinn
ot correct cooling capacity, stk your deater for NBS
Pubtication LC 10%3 or werite th Nationnl Ruresu of
Standards, 411,00, Washingion, .G, 20234
Data o0 tha label Tesied in accordance with
Tor s wt cerlytied by ‘.,.-u- »,
o+

‘i

LW

LV

J

flample af the energy labels now found on many room alr con-
ditionero. !
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label to be allixed to o room air conditioner. The coollng enpaclity of u unit
in determined, in wccordunce with an appropriate test procedure, in unito of
Btu por hour, The electrical power requirement ig determined in units of
watto. The efficicncy of a unit 1o deslgnnted in termo of the Energy
Rfficicney Ratic (EER) which 1o the rotlo of the cooling capucity to the
olectrienl power requirement. The elsnn interval o 0.1 Btu per wuti-hour,
obtnained aimply by rounding off the caleulated ratic. Thus this 14 an
absolute clanulficution scheme in that the number on the label directly
exprenses o menpure of the efficiency of the unit. The performance of o
partieuiar unit can be judged from the range of EEFN valuen phown on the label
for ovailable units of comparable cooling cnpacity. Thus thio voluntary
labeling program retuing the benefits of an wbuolute clussification acheme
while at the seme time glving csome relative information.

Returning to noioce vimivoion, mont ncousticinng who huave been contucted by
the authorp believe that no o ninimum, n label, or other documentation, should
convey informotion an to the absolute noine emloslon. Thisn cnn either be in
termy of the deslgnated nolse emicoion, to vhatever precludon {s reasonable,
or in terms of a simple clannification scheme such ao the A-~welighted sound
pover level rounded up to the nearest 0.5 B or 5 dB. {lote that ouch a
rudimentary clacnification oystem involves division of the range of
denignationn into intervalno of "wignificent" size, but does not involve
nrhitrary coding). ‘There peems to be very little reapen to faver coding of an
abaolute clowsification pcheme in nny way (such ao Class 1, 2, 3, +.. or Claso
A, B, €, ...} that obscurcs the relationnhip to the nctual noine eminsion,

There have been some proposnks for relative classiflcation nchemen baoed
on statinticul dintributlonn of rolse emlunionn for a famlly of equipment,
Mrficulties with thin type of syntem inelude the tollowlng:

~« @ particular model csnnot be claspified until cosentinlly all other
producty in the same fumily have been mensured.  Thin malken one
manufacturer too depepdent upon the time schedulen of other munu-
focturern.

~= the clanniflention of a product is sennltive to errorn in the noloe
eminndion deslgnations for other products in the pame fomlly,

== the clooodfication neheme cnn be "manipulnted" by eatalog liotings
of particularly guiet or particulnrly nolsy productn, even though
mach products are not normnlly nold.

~~  the clanuiflication oyatem changen with time no that one cannot
readily compara products aold in different yenrs.

It in recommended that serious copsideration be given to a labeling
nyntem baned on an abnolute clannlficntion scheme, pluas information on the

range of nolse emisnionn for competing products. 7This would be annlogoun to
the energy gulde label ahown in Flgure 35,
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(1]

(3]

4]

(6]

(7}

(8]

References for Appendix B

Americun Notlonal Standard Method for Rating the Sound Power Spectra of
Smull Stationury loioe Sources, 53.17-1975%; aloo Acount. Seoc. Amer. Std.
41975 {American Hotlonal Stondards Inotitute, Hew Yorlk, 1975),

Lung, W. W., and Flynn, D. R., A lolse Emipsion Humber for product
designation, Holoe Control Englneering B, 108-113 (1975); errata i{n HCE
5y 3 (2975).

Ameriesn Hutionnl Standard Method for the Designation of Sound Power

Emitted by Mochinery und Equipment, 51,23-1976; uluo Acount. Soclety
Amer, 5td. 5-197G {American Noationnl Stondords Institute, New Yorlk,

1976},

First Draft Proponnl ISO/DP L8T1 for Acountics -~ lioloe Clussification
und Lubelling of Equipment and Machinery, Nocument No. ISO/TC W3/5C 1
(Secretariat - 203) 27h (Junuary 19706).

Colen, J. V., Stoandnrds and Labels for Conpumer Goodn (lNonald Preas Co.,
New York, 19h9).

Dickernon, F. I., Product Safety in llouschold Goodos {Bobba-Merrill Co.,
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