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3.4 American National Standards for noise emission measurements
William J. Murphy, Hearing Loss Prevention Team ,NationalInstitute forO ccupationalSafety and Health

W illiam M urphy isco-leaderof the H earing L ossPreventionTeam inthe N IO SH D ivisionof
A pplied R esearchand Technology inC incinnati.H e provided a two-partsum m ary onnoise
standards,13firstdiscussing A m ericanN ational StandardsInstitute (A N SI)standardsforsound
powerdeterm inationand thenhow touse sound powerstandardsforproductlabeling.

The Structure of the American National Standards Program
The A coustical Society of A m erica m anagesthe A m ericanN ational StandardsInstitute (A N SI)
standardsprogram forthe following com m ittees,S1forA coustics,S2forV ibration,S3for
B ioacousticsand S12forN oise.SusanB laeseristhe M anagerof the A SA ’sstandardsefforts,14

the D irectorforStandardsisPaul Schom er. R ichPeppinisthe chairof S1,A liH erfatisthe
chairof S2forV ibrationstandards,C hrisStruck isthe chairof S3and W illiam J.M urphy is
chairof S12forN oise. U nderthese com m ittees,the U nited Stateshasopportunitiesto
participate inthe International O rganiz ationforStandardiz ation(ISO ). The U nited Stateshas
one vote oninternational standardswhichrequiresm ore cooperationif im portantissuesare
going tobe settled. The official representativestothe ISO T echnical C om m itteesare W alter
M adigosk y forTC 108,and Paul Schom erforTC 43and TC 43Subcom m ittee SC 1.A m erican
N ational Standardsforthe determ inationof noise em issionsof equipm entare developed by S12.
D escriptionsof these standardsm ay be found onthe Internet.15M aling16haslisted the
international noise em issionstandards.

Standards for the Determination of Noise Emissions
W hendeterm ining sound power,three differentroom designsare described inthe standards:
anechoic (m eaning free from echo),hemi-anechoic,and reverberant.

A typical anechoic room isrectangularand haswedgesonthe sixinteriorwallsand a
m eshtram poline toperm itpositioning the device being tested inthe centerof the volum e of the
room .Ina hemi-anechoic room the floorisa reflective surface m eanttosim ulate whatm ight
happenduring outdoorm easurem ents,inquietwithoutany reflectionsexceptforthe ground.A
reverberant room isdesigned tobe highly reflective withnon-parallel wallsand diffusersonthe
wallstopreventthe developm entof standing wave m odesthatare characteristic of rectangular
room s.

Form easuring inthe three typesof room s,several m easurem entm ethodsexist.Perhaps
the m ostcom m onisthe pressure-over-area m ethod.Inthisconfiguration,a setof m icrophones
sam ple the sound level ata prescribed distance from the source outside of the nearfield of the
device undertest(see Figure 3.4-1).The m icrophonesare distributed overanim aginary surface
thatencom passesthe device undertest(D U T),and the pressure overa givenarea isused to
determ ine thataverage poweroutputof the D U T. The pressure overarea m ethod requiresthat
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the noise be com ing from the source and thatthere notbe othersourceswhichare acting as
sourcesoutside the im aginary volum e.

Forinstance A N SI S12.55isused tom easure sound powerinfully anechoic spacesand
inhem i-anechoic spaces.A N SI S12.54and S12.56are used inhem i-anechoic environm ents,and
A N SI S12.51and S12.53are used todeterm ine sound powerinreverberantenvironm ents. The
differentstandardsreflectvarying degreesof precisioninvolved inconducting the
m easurem ents. The N IO SH sound powerlaboratoriesinPittsburghand C incinnaticonduct
m easurem entsatthe Engineering grade,± 2dB . Toachieve Precisiongrade,± 1dB ,requires
greatercontrol of tem perature and hum idity.

Figure 3.4-1 An IBM server surrounded by microphones
at the IBM Acoustics Laboratory, Poughkeepsie, New York.

Inthe substitution, orcomparison, method,a calibrated reference sound source istested
inthe space toestablishthe room constantand understand how the sound m ightbe absorbed by
the space.The substitutionorcom parisonm ethod canbe conducted injustaboutany space,the
m ostsatisfactory being a reverberation room.The sound absorptive characteristicsof the space
affectsthe sustained sound pressure level of the reference sound source whenitproducesa
continuousnoise inthe room .

The sound source istested inthe room withthe otherequipm entturned off.The device of
interestisturned onand the sound source isturned off.The sustained level inthe room while the
device undertest(D U T)isrunning isa functionof the sound powerof the D U T and the room
constant.B y m easuring the room constantwitha k nownsource,the sound powercanbe
determ ined.

M ore sound absorptionequatestolessbuild upof sound energy inthe space.O nce the
reference sound source hasbeenm easured,the m icrophonesare k eptinthe sam e positionand
the D U T isoperated and assessed.From the twom easurem ents,the sound powerof the D U T can
be determ ined.W hena productispurchased thathasa N oise D eclarationprovided,the validity
of thatdeclarationcanbe tested afterthe producthasbeeninstalled.
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Finally,the sound intensity method isbestsuited forin situ sound powerm easurem ent
because itcanbe perform ed inany environm ent.Itreliesuponm ak ing m easurem entsovera
m easurem entsurface enclosing the D U T witha pairof phase- and am plitude-m atched
m icrophones.The sound intensity isdeterm ined asthe productof the average pressure of the
pointbetweenthe m icrophonesand the derived particle velocity estim ated by the difference
betweenthe m icrophones.

Why Measure Sound Power?
There are several reasonsform easuring sound power.Sound powerisaninherent

property of the device undertest.The sound pressure isaffected by the room acoustics— the
absorptive effectsof the ceiling tiles,the panelsonthe wall,the num berof people inthe room ,
and the locationof the listenerrelative tothe device undertest.That’sthe difference between
sound pressure and sound power.

W ithsound power,itispossible todevelopacoustic m odelsthatcanbe used topredict
the noise levelsinvariousenvironm ents.U sing the geom etry of the room ,the sound powerof
varioussources,the absorptioncoefficientsof the surfacesinthe room ,accurate m odels17canbe
developed topredictthe distributionsof sound inthe room .

Sound pressure,onthe otherhand,doesnotperm itm odeling ina generaliz ed m anner.
Sound powerisaninherentquantity of the source,precisely the quantity thatshould be used
whenattem pting toprovide inform ative labeling fornoise em issions.

Insum m ary:
 Sound powerisaninherentproperty of the source
 Itcanbe used todevelopacoustic m odelsof noise distributionsand noise

exposures
 Sound pressure levelsdepend on:

o R oom acoustics
o R eceiverdistance from the source
o R eceiverorientationtothe source

 Sound poweristhe appropriate m etric forlabeling

How Might Noise Emission Labels Be Implemented?
M attN obile from the IB M H udsonV alley A cousticsL aboratory inPoughk eepsie,N ew

Y ork hasbeenwork ing ondeveloping labeling standardsforproducts.Ina presentationatthe
N ational Institute forO ccupational Safety and H ealthinN ovem ber2011,N obile presented som e
conceptsthatcould lead tostandardiz ed declarationsfora variety of products(Figure 3.4-2).

O nthe leftof Figure 3.4-2isthe comparative declaration label.The unitassociated with
the productnoise rating (PN R )isthe decibel,butthe unitisnotably absent.Ina way,thisisa
concessiontothe lack of the public’sunderstanding of decibelsand theirm eaning.PN R isthe
productnoise rating (itsscale rangesfrom 0to120).The R ed A rrow inthe Figure 3.4-2exam ple
identifiesthe productnoise rating,90inthiscase.The blue baronthe scale indicateshow this
productcom parestoa range of sim ilarproducts.A long the leftof the im age are iconsof
speak ersindicating soft,low-level soundsranging toloud high-level sounds.O nthe rightinthe
boxisa num erical expressionof the range of othersim ilarproducts.Inthiscase,the range is88
to109,indicating thatthisproduct,at90dB ,isnearthe bottom of the range of sim ilarproducts.

17 See the paperby W . Probstelsew here in this report.
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Figure 3.4-2 N oise em issionlabels.

O nthe rightof Figure 3.4-2isaninformative declaration label,whichgivesthe
num erical perform ance of the productaccording toa specific international standard (ISO 9296).
The num bersonthe lefthalf are sound powerinbels18(1bel =10decibels)forthe productwhen
itisoperating and whenitisidling.The num bersonthe righthalf are the sound pressure level
whenthe productisoperating and whenitisidling. Forassessing the risk of noise-induced
hearing loss,anindustrial hygienistwill need tok now the level atthe earwhere a work erm ight
be positioned.A dditional inform ationcould be included withthe inform ative declaration.That
is,the sound powerspectrum could be included insecondary inform ation.The spectrum is
critical todeterm ining risk s.Sound withcontentinthe 2000to6000H z range canpresentan
increased risk com pared tothatatlowerfrequencies.

L abeling canhelpconsum ersm ak e purchasing decisions.Figure 3.4-3showssound
powerlevelsfora com m onhousehold appliance,a dishwasher,plotted againstthe
m anufacturer’ssuggested retail price.Itdem onstratesthatquietcanbe a m ark eting tool tosell
products.If you wanta dishwasherthatis40dB (A ),you will pay upwardsof $1,600.L ouder
m achineswill costless.C onsum erscanunderstand a noise rating.They canunderstand that
quieterequipm entwill notim pairtheirability tointeractwithothersortohave a conversation.

18 The unitbel has been introduced internationally as the unitofsound pow erlevelto distinguish itfrom sound pressure level
forw hich the unitis the decibel. The belhas notbeen w idely accepted, especially in the USA, and the decibel( w ith A-frequency
w eighting) is com m only used as the unitofboth sound pow erleveland sound pressure level. Thus, the quantity being specified
( sound pressure orsound pow er) m ustbe indicated in the text.
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Figure 3.4-3 As sound power goes down, price goes up.

M urphy ended witha call toaction.The public doesn’tneed a lotof educationto
interpretthe num bersonthe labelsdiscussed inthispaper.The labeling justneedstobe putin
place.Inthe U nited States,table sawsdon’tnecessarily com e withnoise ratings,butthey could.

If we are going toreduce noise inthe m anufacturing environm ent,com paniesneed tobe
aware thatthe productnoise rating isa m ethod throughwhichnoise em issionsof com petitive
productscanbe com pared.A m anufacturercanpublishnoise em issiondeclarations.W ithnoise
em issiondata m easured according tonational orinternational standards,consum erscanverify
thatequipm entisoperating withinitsdeclared boundaries.Standardsforthe determ inationof
sound powerare available.W hatisneeded isa widely accepted m ethod forlabeling the noise
em issionsof products.
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