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1. INTRODUCTION

Conventional gandards for the measurement of Sound Power, [ll-[2]. that rely solely on the measurement of

SaundPressure suffer [rcmnnumber ofdranhacks when measuremenlsarennempledinuorkplace environments.

The two main dilficullies are that the acoustic environment is less than ideal and that masuremenis “ill be

afiectedby cthet noisescurcesoutsidethemcasuremt surface.Thisinmany instances mm that machinery had

eithertohernm'edtnspecialtestenvironrnentsorlncomrnercialteslhousesinorderthntthesoundpowercfthe

equipment cmfldheouaindlnthelate 19705 and nrly SOsFahy,[3),nnd Chung.[5),slrnocdthattheAccuslie

Intensity oonldhe derived from the cross spectrum between two microphone signals. This, combined with the

rapid developments that had taken place in analysis and measurement instrumentaqu formed thehas's for a

practical lnmumentthatcuuldacmallymeasurelniensity IatherthansclelySoundPress-ure. niebenefitsthat

iniensityhasisthatitisthetruemeasureofenergyflowatnpoimandisavectorquamity.Consequently,if

measurementsdeoutmodesurfaceenvclupingasoumetheimensityduewent-anewsncisemsmming

ofccursethisisstablewilhtime)mncelandauuemumreofthemsourceisolnninedmotheroonsequenceis

thntthetechniqueistcleramnttheaccufieenvimrmemandisflmitedonlybythequalityandaewmofthe

mntmfionmsmmwmmfiwfimmmmmmmmm

thatwouldnothnvebeenposihlewithSoundesrnehasedstandardsandmeansthalinmanyeasesequipmem

doesncthavetchemvedtospxialtestams.ItwassometimeheforeanlniernaticnalSiandazdw-rsprodnced,

[5], although it had been available in drafi format since 1989. Since the issue ofthe drafl standard, NEL has

carriedcutlntensitymmnememscnappmadmalelymotsopieczscfeqiupmmtinmrchmewiththebmfi

andlatleflytliefullisueoflSO9614:ptlinnwidevnlietyofnccusticenvironmenumsmerpresmtsan

mewiewoftheslamlardandnmsestudyoi‘mnflhesemeamts.

2. ISO 9614: Plrt 1

Before loolu‘ngatthecasesnrdyitiswoflh spending sometimelocklngatthemin pains ofthesandanl. The

fimmjorpoinlisuwthemnemaandamishasedmmmuunemsatfindor'dime'pcinumimdme

machine. A'seanning“ method, [61,isduefcrpublintionandwill lomPanZofthesiamrdandpm-idethe

usetwithanaltematnewaynfperfonningthemmuemteThesecondmajorpointisthauhestandardcovers

allthreegxadesot‘accuncxPrecisiorLEngineetingandSurvey.Theamralsradeofaccum1achieiedinr

measuremtisdeteminedrmuspectively.

In essence, the standard fragments the entire measrremern

surface into a number of segments. fig. 1, and a

mmment of Sound Pressure and Sound Intensity is

carried out in the middle of each sean The power

through any one segment is obtained simply by

multiplying intensity by the segment area‘ The total Sound

Pom: is obtained by adding up the Sound Power from all

segments.  Proc.l.O.A. Vol 1 6 Part 7 (1994)
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nemndaIdisonlyvalidbetwwnlheSOHzlofiOOHz 1/3 Wemwauzwwooflzmmmn
some mammals shmfldhecaniadmninlhejll-b, 40Hz, Bkflzand lokflzbambmcheck mevalidilyoflh:
A-“nighwdlom. Armin! mmmmseqlmwmddmsisl of lb: followed slam

a)Primmawualmeasmnemcheaksmamwmwamnmmemmmmfimbymmflngim'dyumic
capability“.“.mmmnfimlhesuhilitydfdicsoundfizldwilhfimbymringa'Temponl Variability'
field indicator, F1. Thevalue of Ldisouainedbymbtracfinga 'biasermrw (u'tlta MB for Surveymraq'
or [ad]! for Plecision and EngineeringW) fivm III: immune-nation's “mu: residual intensity index'.
89h.Thiscaneiflmbem-mnedpdmtoeachmeammancampaignflwpnfmedmahoduwdbyNEJOI'
miledfmmlpmriousmsinn. Flisusedwdzmmineumcommmwmgingfimemheployedfmach
msumnempoinl.

b)Definelhem:asum-nent mlfaceJ‘hisslwddbenocloseHhanOJm (onsverage) fiomlhescumemfnu A!
lens! lOposifiansshculdbeusedwilhaminimmnoflposition/m’ahhoughSOposifimmheusdifflnm
mammisyumunnwm’.

c) Canyoulbackynundmise checks Mm A—wcightedeal Spositimsandeompaleagainnlvwim
machincrunning‘Mundnmhednmflmcmmmhamnfdpfifimmmm
nummmmmmrfme,

d) Pcrfomtheactual mum-emu usinga wind shieldifouhdooxsor fifth: windmeedisguuleflhanl m/s.

c)Afiexmeasuremgmanumberoffiudn fiddmmchflsmwfldmmmmmmwm
the \alidily andmmcyohh: 111mm. Mermthcsumdmd. [5]. forlhzformuh form]! In
additioanbthxeeothu indiuman ‘l'heseare:

F,-The'SuIficePrcssun[mnsiiy'indicamnnischedulhewflnimofthesmmdfiddandun
Mmmmmmmmwlmmmmmnm-mm
basedwnlymlhemmfimdesoflhzdiflmhetwmmmfiumnmhmty.
FJ-Thg'NegalivePanialvau‘indimrisverysimflarinwmeptmhhnlhecnlmlafionishaadon
mtdifiaenccsbflwee'nSmndhmnnndlnmnsitymkingimommmsignnflheinmnfilyfi;either
+ol-)nfl.llemptunddam.
I“ - The 'Field Non-Unifannily' Indicator - is usedmchack whflhu maiden!mmpoints have
beenhsedmuhimlhedgsiledyadeofmncy.

Themuuinchecksmzcmcflmlyvmbsz<L¢ andCfiteflonZgivenbyN<anNbeinslhcnumbu
ofmmnuandcwngnmg'vminthcmmd). Criterion lchedcsmgmmmdsmmdfieldayins!
thepmbeamwwdmminethcvalidilyoflhecamnedmmmionzisuedwdmmimmcmncy
MMMMMMMMahand—by-bandw;Alhirdchcdxismriedmloseeifl',-F,islessman3d3
orlcsslhanldB;misinfimumeimpmmofmunoiQ,rdJecungmaMwmdimcfifim

3. CASE STUDY

3.1TMUnilUndaTshPumpSkid.
Figmzshonstheammnnitbeingmed. Thisconsimdofaskidwilhannmbetofsoumsuchaspumps,
mmnawmifingngimom Figunsshmuuetestslwplamnwhnemsmumpufamed. Th:
pumpslddmappruflmatelySmxSmxBJminfinandsflclosemnnwnflylargcmbdngmnkshd.
Mmmmuniodomonbmhnnhshnmmsfmlhcmifingtankmnminclnmdhm
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3.2 The Measurement Grid.

To perform the measurements the measurement surface “as defined 0.7m out from the major machine outline and

as shown in figure 4. This split the surface into a total of 5! segments grouped into 7 separate tones having the

same segment area. To physically perform the measurements the grid baseline only is marked on the tes1 shop

floor and the location ofvertiral tons of points marked on this. Due to the height of the machine, measurements

were ntade in columns at each baseline position using a pole marked out to pie-set heights as a guide. The

operator was able to walk over the skid's superstructure to mch the measurement locations on the top surface. As

tan be seen from the grid layout, the adjacent mixing tank was treated as a reflecting plane since it “as too close to

the pump skid to allow mtastuements to be carried out along that face, This is quite nandard practice to treat large

areas such as a tank wau'as a reflecting plane if it would interfere with the measurements. This can ohtiously only

he done ifthe plane itself is rigid and does not radiate noise. in the above case the mixing unit was not running so

did not in itselfoontribule to the noise.

3.1 Recording ofMetsurctl Data.

All ofthe data Was captured using a Bruel a szr 2133 Analyser fitted with a Type 3545 Intensity Probe using Vi

inch microphones with a 12 mo spacer. Prior to measurement, the synems was calibrated using a Type 354l

intensity alibrator to measure 6'“, The measurement sequence was controlled by MK sofiuare and all data

stored on floppy disc. The sofiware performs the "field indimtor' calculations so that the Criterion l and

Criterion 2 checks can be evaluated Mmrements are normally collected in II} Octave hands.

3.3 Documentation ofTest Results & Data.

Over the time that NFL hate been carrying out intensity measurements, we have developed a system of recording

. relevant information which is hosed around the use of what we have called "Measurement Rword Data Sheets“.

Figures showsanexampleofthedata sheetZoftheahovecasestrtdy. Sheet 1 is not shown butthis normally

includes details of the unit under test, the environment. instrumentation These sheets provide a condensed

form of all information required to evaluate the Sound Pom from the canned data including the results of the

various field indicator checks mentioned in section 2. Most of the information on Sheet 1 is gathered prior to

measuremutt whilst Shea 2, fig 5, can only he completed aher the masurements have been comle

3.4 Derivation of Accuraq.
The data contained in Sheet 2 forms the basis ofthat required to diaermine the accuraq of the mastrement. The

standard does not give good guidance on the daivation ovaerall accuracy so NEL have developed an approach

which is based on an assessment of individual 1/3 Octave hands. Since a measurement can contain some bands

with a'negative' intensity (which are outside the scope of 509614) any such hands must not be included in the

A-Weighted or Liam totals so a manual addition of hands has to he performed to assess the Overall letels.

Similarly, the standard is only valid in the 50Hz to 6300B: 1/3 Octatehands and only data in this range shouldhe

addedtcgethet, Theappmaehwehaveadoptui isto'usetheaecuracyforthe ll! Oustehndsdratmnheobtained

bydirect application cfthe standard Toohtaio Oaavehand accuraci, the three 1/3 Octave bands are added in

order of grade of acutraty (i.e. all in Precision first, then all in Precision+Engineeting then all in

Precision+Engineering+Survey etc...) and a check mrried out on each stage of the addition to me whether the

hand total has changed by more than the standard deviation for that accuracy class If the total changes by more

than the allotted amount the accuracy of the hand is moved one class lower (eg from Engineering to Survey). A

similar procedure is followed to add all [/3 Octate hands together to obtain met-all Linear and A-Weighted totals.

3.5 Case Study Result.

Table I shows the Sound Porter results deriiett from the measurements. Generally in the machines we hate tested

we have found that an Engineu'ing Grade tan be achietcd for the A-Weighted total.

Proc.l.O.A. Vol 15 Part 7 (1994) 3

 



  

Proceedlngs of the Institute of Acoustlcs

ACOUSTIC INTENSITY CASE STUDY  
T-ble I. Ocllvu muwmmhw Accuncy mind

Theresmsnfmcfieldindicawrchecks,figs.shwedllmulemmmnacyinaflbandshelowzool-lzism
mlowmmcyofmcplomnisislmmmbedummmmmmhanemfigumionuumm
casemcammmenlsonlhewsurface.mmfizbandbdnxwdumfimflynfmflccfingsum(mir
F,>3d3)hnpossibxyalsoafieaedmemunfinthnstnfln 11280on andloooflzbandshothhavexudiwed
accumduetosoumedimuiviqmme F,-F,<ldB).Autaaoxseonsidezed.lhewmuammqmsloclmz.

4. GENERAL OBSERVATIONS

4.1mmoftheMeasnumts.
Itshauldbenotedflatomoflh:mainfaclorsduldflemlinulhevalidilyofzhemcawredauislhccfltcflanl
latte.F,<_L4.Thisisdhecdymlmedwlhnmmcyoflheinflmmmuunnswemand can meanlhe
diflemcebctmduiningamulmatiswithinmeseopeuflso96l40rnnuhatfails.Wewouldadviseusas
Inchednhgperfonnanceoflhdxlnmnshypmbcsfi‘e.mkaiiflgnnamglflubuismpnfmfly
immedimlypflormammmmcampaiyxCmshumdbelakanwhenanyingommhcheduinunfiem
sincewchavcfmmdmathnywhafionofmealibmmbasemndvuselyafleqlhewmnmphmeasured

4.2 Choice «Averaging Timca'rime TakcnlaComplm Tests.
mfrindicalorisusedlodflaminelhemmmnnmngingfimpupom Ammpmmisehnssomnfimcslobe
mflmmforl‘,failsandalmgmmginsfimmwhzusedsimlhismzymkemmmgms
inlpmfiabledumfllelenyhyfimemlindwwmplmaflmm.Wehavefoundilusmflmldh‘lo
mlwmmmdmanfineifuwflflunislnammatwiflmoamflbulesignificannymmeml mom:
pomnfialdnwbacksof ISO9614:Pilislh=numhuofmasucmmwinlsdmhlvewheusedFotlarm
Mormmmmhmwmhmwmmmmumfmmfic
mplaemmmemolmemfiummmmmgwndifionwiflmmguyafimumnumhaof
mamthNJimcsflnmemging lime,l.p¢rlocmjon;_i.e. J‘NJJ'hud'minthemdsu-ibedubwz.
the masuemenlslooklppmfimaldym—Z hounlonomplue (occludinglhelimefotsmmandulihnfim). For
smallmmaorwmmnasymxowmmmmmmimmewmmwmhm
less;perhapsonly [HELWWWWMMWMWMWWNMM
betcha:toensulesulficiemeoolingisavailablaandthathemnhincloadminseonslamlhmghomlhe
dnmionoflhetcsxs.Emloadmorlhmmhmmhflnppdmfllwnmmlmmiswflldm
censinlymdtinaluwugradeofmmqbeingachiuudforMmammm

4.3 AccqxabililyofAmncmedeAchieved.
The slandml pmvide mmhensiw shim on the inm'plualion of III: resnfls of III: various field indium!
chedcsandlhestepslhalcanhelakcnloimpmvemmoflhemflts mwmmmmwm
mambsWhenwaWfiemflofaowmachfiewd unquaflfyfldsnimnemlmfionof
whythishasbeenachicved.Numismhquwedmmsomwmofmcpmiuusmummmy
havequUnlcssawmpleflfnflmflhmmrgmmmmwewmddnmndwcawmpufinguy
mummmfimufisukakmwioMWMMmflybmwemmmwmm
on A-Weightedlmalusinslhisawmach
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4.4 Mimphone Spacing and Microphone Size,
The spacer between the microphones can be changed to alter the frequency range catered by the measurements.

The standard spacer for ‘A Microphones is l2rrun which gives coverage up to 7.3kl-lz with a 1d]! error (5.3kHz

with a ldB error). The low froquency limit is dictated by the accuracy ofthe probe and instrumentation systemt

Changing to a 50mm spacer may improve accuracy at low frequency (below 100Hz) but the upper ZdB limit drops

to 1.8kHz so this cannot be used to enter the full 50-6300 Hz frequency range of the standard Again, due to the

practical constraints frequently imposed by the time available for measurements, a double pass of the measurement

surface is seldom desirable In choosing which spacer to use we would recommend the Sound Pressure [all

spectrum at a representative position is examined to determine which portion of the weanim is impoan lithe

A-Weighted total is the main concern, then loner frequencies are less imponant so this should also be taken into

consideration. One final point that is worthy of note is that '6 inch microphones are the most commonly used size

and intensity calibrators (e.g. the MK Type 35-”) are dsigncd for this size. An alternau‘te microphone is the V.

inch size and these can be used to mmre intensity up to lo kHz if lined with a 6mm spacer. We would advise

caution in the use of this size since todate there is no calibrator available that allous the measurement of 5“, for

V. inch microphones hence the Criterion 1 test cannot be mm’od ouL

5. OTHER USES FOR SOUND INTENSITY

Although this paper has concentfltcd on the use of intersin to obtain sound power, it, has two main other uses

which are worthy of note. Since the earliest days of intensity measurement the technique “as used more for source

location than for actual sound power measurements, Today. the technique is still a ponerful tool that an be used

to 'map' the sound field over a surfice and obtain contours ofintensity which an be related to the locations of

noise sources. Measurement are carried out al a large number offined points on the mrfice and these points forth

the basic information that is used to plot the 2-D contours. The other use, which is a more recent one, is to do

'sound field holography“ which effectively is a 3-D map of Intensity on a surface. This form of map is deteloped

by again carrying out fixed point measurements but for each measurement location the intensity is measured in

each of three mutually perpendicular axis. This allows the flow of noise to be planed and is useful not only for

source location bttt also to track the energy flow in the sound field.

6. CONCLUSIONS

The main conclusion that “e at NEL have reached is that Acoustic intensity is a viable method of obtaining Sound

Power [Jewels in-situ in cases where other standards would be unworkable. Caution and a high degree of operator

skill are honever required to perform and interpret the results of the field indicator checks.
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