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MTRODUCTXON

Carryingout noiseandvibration field measurements away Earn the laboratory requiresmany

decisions tohemadebythe operators ofequipment. including what, where and when to
measureandwhstdetailsneedtoherecordedandreported.Formauytypesofmeasurement
thaeareBritishStandardsandCodesofPracfioewhichspecifythesedetsilshutitis
imponammmthepmomunyingwtmeammentsunderstandmereasonsforthese

choiccs.eothattheycanadapttounusualcircumstancesandareabletocerryoutandrepon
valid andreliahlemeasm'ementainsiwations not covered by Standardst Codes. It is also

deah'abletlmthepersoncarryinsoutthemessimentsshouldbcahletoreponondie
amacyand degreeofuncertaintyinthe meamred values.

Thereisnoinatrumentwhichisfoolproofiinthelitenl senseofthetenn) andtheadageahout

computes. i.e.. that rubbish in means rubbish out, is applicable. Results of noise measurements
takmwithcventheinoasoplfisticated, acauateandacpmsiveeqmpmentmaybeuselessif

theopentordoesnotfifllyundersmndhowtousetheinstmmemandhavealmowledgoof

acoustic principles suflicimt to arable him/hate appreciate its limitations, and to makethe

necessarydecisiona about what. how, where and when to measure.

This presentationwill review the choices and decisions to he made in carrying out valid and

reliable field meawrements. and the acoustical and measurement principles underlying them.

hwifldiawsafactorsaficfingtheacauacyoffield measurements. andilhistrate’waysin
which the meanuemem uncertainty may be assessed.

THE SELECTION OF EQUIPMENT

The correct choice ofequipment can depend upon a number of factors including :

(i) The type of noise and the way in which it is to be measured. Is it for example a steady noise

for which the appropriate unit depends on an analysis of the frequency content of the noise, or

is it a time-varying noise such as traffic noise, which requires a statistical analysis over a

period oftime, or an impulsive noise, or one with pure tone components 7
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(ii) The acctmcy required. Is it for example a precision measurement involving controlled and

standardised meanmwt conditions, or is it a preliminary survey, under field conditions?

(iii) The conditions under which the instrument will be operating Is it a quick field

meannement, requiring a portable and battery operated instrument, or is it a long term survey

requiring permanme based semi-automatic mains operated equipment?

Thereisnverywidcvarietyofequipmeminusenndhecwseofrnoderndevelopmentsin

electronics, partieularlytheintrodnetion of digital techniques, rapidchangeshsvereeently

occtmedendmsfilltakingplaceinsoundmeaniringinmmentafion

Em the simplest item ofequipment. theportable sound level meter, occurs inebewildering

vmiayofmfionsendflthmghthcysflhavewtdnbasicfeatweshwmonmeydiflhh

thedmflofthehperfommcgspedfieafionandmethod ofuse.Allmnmrfschirersprovides

detailedhandbookwifilthdrinsmnnmtsgivingaflthisinformafiomandngoldenmlefor

mymemsldngmdmesmremunsshmddbenheinsoummmmfimefimdbmk

shouldulwnys hereedcsrefilllypfiortomaldngmeasurementswithmunfamiliarpieceof

Wmmmmmnymwremmmum. Equipmentshould

dweysbeoperatedinscwrduneewithmanufaemrefsinsh'uotions.

WSWAIMS

Themfingpointiswdeddemthemahpmposemuimofthemisemmmsineeflfis

willinfluenoefirrtiudecisiens As example consider the posahlereasonstliatthereoould be

formedingtomeasuronoiselevelaprodtwedhyapieecofmachinety,wchasacompressor.

Thesecouldinclude:

to compare with noise levels from other, alternative equipment

to compare with manufmurers noise specification

to compare with company: own (Le. wstomers) noise specification

tosssesstheneedfor, erefi‘ectofmachinemaintenance

tonssessneedfor.andtoqunntifynoisereductionrequinments

to diagnose noise sources and mechanisms and spedfy control methods

toassesstheefi'eofivenessofnoiseoomlrneasures

tomeasurethesoundpowerlevelofthemaohine

to assess the noise exposure level of the machine operator

to use as a basis for predicting noise levels atother distances

to use as part ofa noise complaint investigntion

to use as part ofa planning application investigation

to use as part ofun environmental impact assessment
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Some of these difi'erent aims will involve very different measurement procedures - for example

in choice ofmeamrement position, type ofsound level meter to be used. noise parameter to be

measured. '

MEASURENHENT DECISIONS TO BE MADE

The choices and checks to be made, the factors and influences to be considered and the

information to he noted may include :

Checks - battery condition, cultivation, use of windshield, background noise levels.

Choices - type of sound level meter
- type ofmicrophone (flee field. pressure response, random incidence)

- position ofmicrophone relative to source or receiver
- height ofmicrophone above ground

- orientation ofmicrophone (fi'ontal or grains incidence)

- noise parameters) to be measured
- measurement times) and duration(s)

Factorsandlnfiuences:

other noise sources
background noise, wind generated noise at microphone
nearby sound reflecting. absorbing or shielding mrfnees
room characteristics ('mdoors), es, size, surthee finishes

- sound propagation conditions (outdoors) es” wind, Men ground type,

topoth
-type ofsound field e.g.. near field, far field, direct or revn'berant sound,
presence of standing waves

Mom-ration :

- all the above information about checks. choices, factors and influences

-mam:fimhn'eratypemrmbers,andserialrn|mbersofsllequipment

- results of measurements and relevant instrumentation settings

- whjective impressions ofthe noise es. steady. imelmitterlt, impulsive, tonal

- maps and plans showing measurement positions. source a receiver positions,

with distances
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MEASUREMENT STANDARDS AND CODES OF PRACTICE

 

Inmnnyca'ses measmementdecisionswillbebasedontheoperatofslmnwledgennd
acperienoe, but there are some situations in which eondifions are specified by Standards or
Codes, which ensure uniformity ofgood practice.

Bumples of some standardised procedures include 2

Calwlntion ofRoad Traflic Noise
- tumult method given in Deparnnent ofEnviroumem publication
Calculation of Train Noise

- Aim-at} noise, ISO 3891 1978 : Procedure for describing-aka noise heard
on the ground

- Commercial and industrial noise: BS4142 1990
- Construction site noise : 1355228 1984
- General environmanal noise : BS7445 1991
- Work-plane noise : Noise at Work Regtflafions Guidance Notes 3 to 8, 1990

- measurement method y'ven in Department ofEnvironment publication 1

THE ACCURACY OF MEASUREMENTS

Evuymeamedvduehasassodnmdnnmhadegmeofmmimy,mmnnewordmr
hudhmMnmmmwmmth'Wmie, itdoesnotmean
‘mimkdfimmnanoftheexpuimmflmrmammmdqumfiyiaflsonmemofhs
mcy.e.g.reverbemiontime=l.6+/-0.25eeonds.Acmoyisnmthesameupreoision.
whidiisaaatanmabunthemflestchmseinnqunfitywhichmbedaeaedmme
mammofanoiselevelof862d3(A)fromamaclfineimplieathntthemeamiflg
insmxmemmscapableofapreoisionofOJ dB,butthisdoesnotneeessarilyn1eanthatthe
maniamaemH-O.1d3,eimemndomfluemafimormomnfightmennthma
repeatmeastnementgavenvnlueoneortwosthigherorli-rwu

 

Enorsmnybeoftwotypes-mndomorsystematic.Randomenorswillshowupas
fluctuafiominthemeasumdvaluewhmmemeawrementismpmedsymaficmmwfll
not. Synanafieamonoedeteaedmayeitherbe'aflowedfofmdhninmed-uinmecase
ofa calibrator, or soundlevel meter whiehis systematically reading 0.3 d'Btoolow.

EnorsinthemeasuredvalueofanoiselweLfiomamchinefmexamplemnyarisefi’oma
numberofsoureee:
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due to the limitation of the news-any ofthe sound level meter, and variability in

environmental conditions afl'ecting it -

due to variability in the way the operator takes the mcammnem

due to variability in the source ofnoise

clue to variability in environmental condifions affecting noise propagation

duetovafinbifitycwsedbythemdaficdmuneoflheqmnfiiybeingmmedeg.
trulfienoise

duetofinnmfionshthemnacyoftheamfical(wothn)uannpficnsundapinnins
the measurement (e.g. inthemeamremunsoundpmleveLorsoundimensitylevel)

Cuefidmeamremmtpmeedmesunofimnfininfiumhnifmeymoflhenndomtype
theyvdflnembedimhmedmmpludthemngnhudoofnndommisuauflyesfimmed
fiomlhescattainreaflmfiwmmonmetbodismesfimflemdqumememduddwiafion
ofayoupofmeaunemmufiomthemeanwlne. V

mnemdprmelweumwedhdgmdiflimmnfimphonepofifiomha
momdmingasmmdinaflnficntestmgivmbdowfiduflmthemnandmndud
devinfionvahles. '

mmedlevels: 92B,95d3,91dB,96dB,90dB.92dB,95dB,93dB

meanlevel=(92+95+9l+96+90+92+95+93y8=w

deviafionfiommean: -l,+2,-2, +3, -3, -1, +2, 0

devinfionsqunred: l,4,4,9,9,l,4 ,0

meansqlmeduviafion=fl+4+4+9+9+l+4+oy8=4

standarddeviafion=mmmennsqimedevinfion= =31!

therefore150undpresstuelevelinroom= 23+1-ZQ
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lithe number ofresulta is large enough, and their scatter about the mean is random, then the
usual Gaussian statistics can be applied to interpret the standard deviation in terms of
probabilities and confidence lirnitiiI e.g.. there will be an 68% probability that any one result
wiflfiewhhinmmnduddeviafionofthememanda95%chaneethatitlieswithintwo
standard deviations ofthe mean.

Whmtheresultsaresaundpresm levels,indeeibela, the question sometimes arisesasto
whetha’themeanandatandarddeviation, ahnmdbebasedonthedeeibelvaluegaainthe
abovamplemondumdpreme-squuedvfluesmdedyingmmmquesfionis
ngmmmammhfingtommhnoiumminthebookhy
YangandflliaonMachineryNoiaeMeasurement, ChrendonPress, Oxford, l985).

GRADES 0FWSWACCURACY

mmm,memr,inmeamedvahesdmnfinedusingsmdud
methodsmumflygivmhmmsofamdufldeviafioniatheappmpfiatennfishor
ImunafionflSmndardBSflMdesmbesmreedifl'amsmdesofmeaammofmuad
mmmommgineaingmdsm,whhthreedifiamtlwdaafamcy.

Anymdflaibddiswafionofamacy,mdmeawunemmmhbeymdtheawpeofthis
chaptalhenadaahmflduleambewmmuwuymmedquanfityhasusodatedwhh
hadep'eeofmeenaimy,mmrwhiehspeeifieohumuy.AkmMedseofmeflkdy
degaofacunaeyofmuamemhimpommfienaasesfingmeaiyificaneeofihek
comibufiontntheovnrallmltoreonnhiaion. Evenwhenafmmalamemmtofuncertaimy
bmrqdredflnmoftheresuhahouldbemnaimwhhhaflkdymmJbuah
maybeappmpfinewquouamemnedwmdkvdonlytothenearestdedbdifhiaknown
wwywaanngeofatbwdn,wenthoughmesomdlevdmetuindicatesmthenearest
0.1dB.Thiaiaarequirema:tofBS4142 inparfiwlar.Thequotationofresultstothonearest
0.16mwmefimauhisfifieammammmemsmvuyaeamorumemms
ofiflumediateuepsinaealuflnfiomwhm‘mundingm' mayaawnmlatemutthe
Wafflewammthmonededmalpheeafiaingfiomacdwhfionpahapacan
nevubejustified, and shouldavoidedt

MEASUREMENT REPORTS

These should contain relevant information in suflicient detail to enable a repeat ofthe
meaanemarta to be carried out. should this be necessary, under, as far as possible, identical
conditions. The sort of information to be reported is listed above. It can be grouped as
follows :
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Basic infomatioa : dates, times, locations, name(s) of persons carrying out

the measurements

Information about the We) ofnoise _

Information about the instrumentation and the noise measurement data

Information about the acoustic environment in which measm'ements were

taken -

Many of the British Standards on noisemansend with sections on the information to

be recorded and reported. and give detailed guidance in these specific measurement situations.

Where reports arelengthyordetailedjt mlybehelpfiiltothereaduifitisaplit into separate

sections. such as :
aims ofthe measurements

measurement procedures
results ofmeamremems

oalwlations and analysis ofmeaatuemm data

dismission ofresults
conclusions
summary or abmact
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