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500 mof windpmer generatingcapacity hasalready beeninstalled'in
hutthepresentgoal, [1],istoe.xpard mist-9100000 mbythe

year 2030andhence meet lOperoentof dieuu-rmtmmpeenelectncity
demand. This is an ambitious but realistic target and, apart frun technical
and econunic issues, it will depend largely on public acceptability for its
sums. One najor awimmmtal issue is noise and the lack of an agreed
intematimal starfiardmthesubject isaseriouspotential hindxanoeto
trm and the develommt of the indistry.

Sane countries lavealzeadydevelopedBMdraftedflleirodnmesurermtam
certification requirenent's but there is agrearent an the need for an
mtematimal staldaxdvmichcanbeusedardaccepted cmntria
throughout theworld. Mortuatelythereare nenytedmiml sueswhich
are affected by the different climate, wind regime, topography and national
planning regulatirmsin each cmmtxyanda consensuspmcedurehas been
diffimlt to achieve. Despite this, utensive collaboration has taken place
andsuhsmntialagreenulthasalreadybemreached.

mispaperwill ttnreforewtlinethetecmical issus relataitothesmrce
(emission), path (propagation) and receiver (inmission) of wind turbine
noise andwill describethe pastand future international collaboration
which isinwfledtoptwidepmcedm‘eswhichmamfacum, developetsand
planning authorities can readily accept and use throughout the world.

2. WCmmmamas

2.1 Cami
wind turbina generate mainly aerodynamic noise fran the blada and
mechanical noise frun the drive train but the conditions under which they
are neasured tend to violate many of the accepted criteria of accurate and
reliable mun-s. Before assessing special neasurerent tequiraents
hodever, itwillbeusefulmdiscussthenamreofthenoisegmerationard
the non-standard issus which have to be oonsiderai.

2.2 Muiynanic Ibise
Work Carriedby Grosveld, [2], Hutbard and Shepherd, [3] and Iowson [4] has
shown mthodsofpredictirgbroadbardaemdynanicnoise franwimturbines
and has identified a mnnber of gaterating I'lBCthiS'flS. The principal three
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are the_ Inflm 'lmtnlence, Wm: muniarylayer/‘Blade milimEige
Interaction ardtheBlademilmgBJgeBluntness. Trmenedmismscanbe
detected overthefrequemymigeGJ—Aoooflz andaretherefozetheprinery
sources of amnyanee. Mommtelyfllemise levels varywithromrspeed
and wind speed and make the duracteristics diffimltto measuzeand
quantify.

2.3}hdnnim1NDise
The minsouroeofnechanimlnoiseisthemaindrivetrainandthegearbox
inparticular. Theelectrical generator isalso anarea of '
annoyance altimghexperienceshmsthistobe secondarymthe .
The frequatyrangeof interatisdependent uponinpitand mxtpitshaft
speeds but varies Wimtely frun 100 Hzto lkflz. melevelsvarywith
the poaergermtion but meminpmblen isthetonal qualitywhichis
difficult to quantifyfor certifimticn.

2.4Physicalcmstrainfs
Whm weconsiderthataGOIMwimitm‘biimcan haveatmerheightoflSm
and arotcr diameter of 17.5m andthat larger (2.5-4 MW) turbines have
tuner-heightsoftheorderofBOmardrotordianetersupto9lm,itismt
difficult toappreciate the needfornew uniqueneasurenmtmethods and
practices. Mmevaluatirguzesmmeeluissicnor smmmwa‘level(9m)
of aturbine foruse inprtpagatim studia and imnissicn calculations the
traditional methods, nanely the ISO 3740 series of stardanis, are
J'namropriateduetheou‘bine's size,operating

2.5 mvimmemal Ism
wind mrbinesbyvirtneoftheir namreoperateoutdoors, andas suchare
subject to extrena of weather. Best acoustic practicewould advise against
neasurim; in winds in excess of5 m/s. however the vast majorityof wind
turbina will only start to mm at this wind speed and will nomally
operate inwindsofupto andsmetimesbeyondZOm/s. Ifwethenassme
that turbines will be operating continually all year round, then they will
be subjecttorain, snow, iceandextremes oftenperamreamitheacmstic
evaluation because a couple! ulflertakinq.

2.6 Wird smai
'mrbines aredeperrlentonagoodwind regime for succasful operatimboth
technically ard ecormically. This creates a number of difficulties for the
acoustician in the noise evaluation. Firstly, measurenents must becarried
out at high wind spesis and secondly, due to wind shear, the wind
varies with the height firm the ground. Different turbines, depenient on
their size, number of bladesand rotational speed operate at different wind
speedsaxfltmsacousticmeasurerentsmstbearthis inmindwhenseekingto
make curparisons between machines. It is germ-ally accepted that wind
turbine noise varies with wind speed at hub height and care must be taken
when carparing acousticperfomanceto cmfimwl'netherthewind speedwas
measured at hub height or 10 m height. The level at which the turbine's
noise aceeds the backgmund is another inmrtant consideration and again.
this will vary with windspeed.
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2.7 Grunt! Effects ‘
mfnrthercmplicatetheissuethewiifiturbine isassunedtnbe‘
repmmted as a point source located at hub height, in' horizmtal'axis
machines and the mid blade position in vertical axis machines. The turbine
is tlmanelwatedsmrceandneasuremtsnade atthestaMardheightof
1.2 mwillhesubjectnotmlytothedirectray, mcmagruudreflected
ray as hell. In order to minimse the effect of this, a ground reflecting
boardneasurwt technique has been developed which willreduce the
interfa‘ence effect of the reflected ray. The microphone is placed an an
acoustically hard reflective board where it is subject to a pressure
doubling on its diaphragm. By subtractionof 6 an it is therefore possible
to approximatethefreefieldsoundpressure. Therearelindtationsmme
method and experimental smdies carried out at NEL, [5], and by Payne [6]
and [7], detail the use of the technique.

3. menu.

3.1 careral
wind turbine noise issues are important to nanufacturers, developers and
planners and regulators althe. Firstly, there is the identification of the
source, the turbine itself. Secondly, there is the issue of theturbine’s
acoustic signature and had it propagates through the atmosphere, and lastly,
there is the issue of the tm‘bine's effect on remote locations. This
follods the standard 'Source, Path, Receiver' acoustic nodal and is Imam as
the turbine's enission, prupagatim and inmission. At the time of writing a
greatdealofmrkhasbeenmrriedmtmtheenission aspects, but less on
the propagation and inmission. This is due to the propagation and inmission
being very dependenton the location and meteorological conditions and the
fact that considerable manpower and funding is required for effective
research.

3.2 mission -
The acousticstrengthorsoundpwer of‘a source is required forinputu)
propagation n'cdels to predict the effect of the source on an envirommt.
The accuracy of the prediction is therefore dependent on the accuracy of the

sound pmer evaluation. As regards wind turbines, the anissicn'l
nudel is m assume an elevated point source, located at the hub and
radiating spherically. The neasuxarent procedure is then to evaluate the
carbine's A—weighted source power level based on the greatest of four
separate azinuthal sound pressurelevel measurements, located as sham in
Fig. lbelow, usingthegroundboardteclmique axflreferx‘ingthesebadrto'
the an. at hub height using equation (1).

SflL=SPL+10109(4xan3) (l)

whereSNListheSomKiPowerLevelatmbHeightindBrelw,

SPL is the Sound Pressure Ievelmeasured usingthe grmndboard
neasuramttedmiquemimisédBindBreZOyPa,
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3.3 Pmpagatiun
The propagation undels varybetween smplistic and onuplu. The model
manly used is simplistic and based on spherical radiation and a 6 dB
neiuction in sound pressure level for each doubling of distance. Field
tests to date have indicated that within about 200 m of the turbine, the
model is sufficiently accurate despite its simplicity. Beyond this distance
hmever the situation is note ounplex and a number of researchers are
atterpting to validate other models which include such things as topography,
wind gradients, ground absorptim and reflection and air absorption. A
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considerable ammxnt of work has already been carried out but predominantly
on either flat terrain, lodwind cotditions orwhere the source is at
level. Wind miles violate all these auditions and there is still no
agreed fornula which can cater for these evenmalities.

3.4 Innu'ssion
Ultimato the acceptability of a wind turbine is dependent on the effects
of thenoise on thelocalenvirorumt andspecificallyon theextentto
which it areeeds either the tnckgrowd noise or the permissible sound
pressure levels which have been set for the location. In general the
mmission is the responsibility of the local authorities, but they have
significant problens in setting these pennissible levels, predicting the
likely annoyance and in “mitoring the final installation.

Saretim the permissible levels are set nationally but often they are
related to existing backgrtmnd levels. Unforttmately there is a lack of
dataonbackgmundlevelswithwindspeedaxriitcanbealengthyprocessto
obtain this Prediction of the annoyance requires reliable
mission and propagation information, but it also involves an often
culplicatei process of transferring sound power levels with hub heightor
10 m wind speeds to sound pressure levels at 1.2 m at a namte distance.
Monitoring the problem is also not straightforward since local measureIenrs
at L7. to height are smetima difficult m correlate with the actual turbine

Anymternatiu-mlsmflardwouldhavetopramtdata
and guidelines to help alleviate the problan for planners.

4. mmmm

4.1
In 1984 the International merry Agency (IEA) published thefirst flit-ion of
a Reoumaided Practice on the Maasurerent of Noise mission frunwind
Turbines and, during its development," it was recognised that further
discussion and collaboration was required. The IEA Standing Caunittee
therefore arranged a special worlshop in Stockholm later that year and this
was attended by representatives frun Sweden, Canada, Denmark, Germany, Great
Britain am the Netherlands. In the Proceedings,'it was recognrsai that the
IEA document needed sane revision but that it would serve as a useful guide
to those working in the field.

In 1987 a report, [8], was prepared for the cat follwing a joint study
involving Dnopean National Test Stations. It presented recommendations for
a preliminary noise measurement standard for EEK: countries and was based on
carparisons betwem the then latest draft versions of themerican wind
mezgy Association (Ml-ll) Standard and the second edition of the IEA
Recumended Practice.

mllwing further intematicmal collaboration the IEA, [9], and m, [10],
produced final documents of their procedures in 1988 and 1989 respectively
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but \mfothnutelymofthethreedommentsvhavebeenadoptaias
internationally agreed procedures.

Between 1989 and 1992t.here wefurther‘ oooperationanmg themmpean
Galnnmity Hirdmergy‘l'est Stations (m5) and itbecaneclear thatthere
were manyounmn feat-Jim intheirtest prooedureswhidxoould formthe
basis ofan esmmhrd. TheIEA Staxfljngcruspforkwameded
Practices forwindmrbinel‘stingardzvaluatinnthenreoonvemdanmpert
Workmg Grmpmththeamoiprodncinga thizdeditimofthedoanmtm
Acoustic Measuretentof Noise mission from Wind 'mrbines. This '
group netmlommel992 amirsnmbersfmbanark, Netherlands, USR,
Ln<,Genlanyard5dederlarecunentlyoonsideringfutureactims.

4.2 International Elicies
There is omisidemble confusion on the relatiomhip betwea: national
regulations ard certification procedures. In the national
regulations stipulate sound pressure levels at a particular location or
distance frunthewixrimrbinebit, sinoetheseare inndttedsomdpressure
levels, theyaredepawdentmtonly mtheenittedlevelfrun theturbine
but on the propagatim characteristics of the locality oonoemed. They
camot therefore be considered as a oertifiable of the wind turbine
unless an agreed propagation formula is included in the certification
process. '

ite thisitisintemtingtoomrmtonthen’easurarmtardreglflatory
policies from different ommtriessinoe theydo havea bearinng the
requirmentsforflxeaooeptanoeofastardard neasuretentprooednre.

Denmark hasprobablyfllemstfomalregulatory prooedurewhichrequiresa
mmberofaomsticL(A)neasurermtsmarefl boardatthe
reference positionto ' with sinultaneuis wini speedneasurarents at
10 m height and, frunthe linear regression, 3 Wm: level
is determinedat a meanspeedof 8m/s. A oompmflingsom‘dpressure
levelisttmcalmlated frunapropagatim foémula using
radia'tim, amosphericabsorption’ ardaoorrection ormeasurelent ‘ .
This sound pressure level is thencaupared with permissible levels for
different locations and times.

[The mlmrmhaveaneasurerentpmcedure, whichisameptaibythe
government arriissimilartotheDanish procedure. Srnuflpoaerlevelsare
determined ataneanwindspeedof7m/sandareoanparedwifllafomilatn
determine whether the turbine is eligible for a national subsidy. There are
also reocnnendfi permissible sound pressure level targets for different
locations and times and their regulation is largely the responsibility of
the local authoritia.

Noise anissionnmsuralenrsintheuxhavebeen carriedootlargelytothe
Second Edition of the IEA Reocrmended Practicesth practical diffnmlties
have required that msime be made on reflecting board size,
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similtanems neasuranenfs and other 'nna tegulatiom gaxerally
apply mpamissiblesmmdpzessure levelswhich amsetaxriumtmlledby
local authorities. '

Swedm ismrrentlyounsideringa Nordtestnethodwhidiis similartothe
mneflndmtreportssmflpoherlevels,atawinispeedome/sandmm
height, whichlavebeal detemfinedbyregressim analysis Eran noise and
wiiflspeeddata.

Semany havesimilar pmceitm andmeasuxeon areflectinghoard fora
hrgngeitofwirdspeeds andrepottthe somdpouerlevel ath/s arlem

1 -

The USAusethemPixstTierstaniaxd, [LandreportuieStardamSmnd
level (asoundptasure level atareference slant distance of 100 Mata
nean windspeedoflOm/satmmheight. Thereportedlevaisanaverage
ofammberofombinedmiseandwirdspeeddatapomu. 'rheUSAalsohave
draft pmgosalsforsmdtierpmoedm‘eswhidi axenoredetailedbitare
tobeoonsxderedasfiecmneuiedl’ractioes.

4.3A9railPrimipla
Itismtpossibletodetaflallaspectsoftheneasuramtstandazdinthis
paper mtuxefollodirgaresmeofthe criticalissuaonwhichagreemt
tusbeenorislikelytobereached.

a 'meaomsticmdelof anassmedpointsmree mdiatjngspherimlly
seemtobeadeqmteforthedismmesunderconsideratim.

b Pour treasth locarims, at the distance of R0; in Fig. l, are
adequate although there may be sure nerit in manning the majority of
measurements at one referent-i location.

c Ground reflecting boards are effective in the effects of
wind noise and ground reflections.

d Simultanmus noise and wind speed data should be collected over a
selected wind speed range and sane form of regression analysis be used to
evaluate the diaracteristics.

e meresiltsslmldbepresentedasasoummwerlevel atmewind
speed, say 8 m/s, at a 10 In Might.

f Prooagatim and inmissim calmlations shotle be imluded only as
guidelines in the procedure.

4.4mm ‘
Dapite theeonsiderablen’easureof agreamttherearestill ammlberof
ismwhichhavetobeaddressed.
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Zhesizeoffliereflectingboard- 1mdiameteror1.5x1.8m?

b The value of percentiles, Ill—octave and narrow band analysis.

c meneasurermtheightof winispeed-Imbheight,10mheightor
fmnpouercuxve’.’ '

 

d The value of sore nm-acuzstic measurarents — l-nmu'dity, taper-atom,
mrhaleme, barometric prasure.

e The estimated accuracy of the measurement metmd.

f Techniques to dal with impulsivity and tonality.

g Pleasure-lent nethodology — a defined nethod for calibration, data
capture and data reduction which is not necessarily specific to one set of
instmrentation.

h The problems of naasuring andoutpensating for backgrounrl noise.

s.nmmmvrrms

Fmfieaboveflm‘eisaconsiderablemmber ofissueswhidiwillhaveto
beresolvedandwtu'chwill requirefurtherreseardiand international
collaboration.

The agreedstardazds strategy isto filoceed gnu?me withtheIEA
ExpertSmdyGrmpmpr-oduoeathird 'tiono RemmnendedPractioa
an: with a parallel exercise for the International Electrotedmical
Cannision (Im)toproduoeanagreedintemational standard. It shmldbe
possible for the IEAdoc-mmt to be updated in arelatively short time and,
although itis only anecamemedl’ractice, itshouldserve.asauseful
ingltto the m: Oonnittee assholes/9:55) which has been setupmprogxus
the full standard.

Proposals have also been subnittad for further Emmpeanoollebozative
research on aerodynamic noise and propagation in the fora-mooning cu: Joule
II Programs. ll‘hisshouldnotonlyhaelp toreduoe theoverallmise |
Sig-lam from wind turbines but should provide anagreed propagation
formula which can be included "as guidelines in the enissmn neasuranent
standard. V > '

 
1

Progrss on these on fronts will help certification, prevent trade barriers {
and assist local planning authoritia in different countries to approve wind 1
turbine devaopwmts.
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6. WINS

This paper is an overview of the developmt of inter-rationally agreed
prooa'hm indeneasurarmtofwinimrbinemise. Itdoesnotdealm
detail with the tedminal issues but it does highlight the ompiadty of the
problem Iamillustrates the specialprwisimswhich havetobe madeto
produce a [Practical and reliable standard. It gives the history and amt
status of mtemtimal collaboration on the subject and gives the scope and
plans for future action.
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