
 

Proceedings of the Institute of Acoustics

A NEAR-FIELD MEASUREMENT SYSTEM TO DETERMINE THE FAR-FED RADIATION
CHARAO'mISHCS OF ARRAYS OF HIGH POWER LOW FREQUENCY SOUND SOURCES

AGELLIO’ITO),RJBRIND (l)&MRDENCH (2)

(l) Defmee Evahmion and Research Agency, Underwater Sensors and Oceanography Department, Win-
frith Technology Centre, Dorchesta', Dorset. DT2 3X1.
(2) Defence Evaluation and Research Agency, Underwater Systems IntegrationDeparnnmt, Winfrith Tech-
nology Cemre, Dot-chests. Dorset, DT2 8X].

ABSTRACT

Predictionofthefar-fieldaoousticradiafionfromtransducersandarraysusingmeasuremenrsdfthenear—
fieldhasbeenaccomplishedmanytimesinthehistoryofunderwateracousticsalthoughthetechniquesare
stillnotwidelyused.Theprn'poseofthispaperistodiscussthenear—fieldcalibrafionsystemmostrecently
developedbyDERAfornnarrayoflowfi'equencysoundsom'ces.Themethodofdeta'miningthefar—field
radiation characteristics from measurements madein the acoustic near-field. the intricacies of the system,
andpracticalresultsarediscussedindetail. '

1. INTRODUCTION

For large aperture arrays firepracfical difficulties of malringdirect measurements of the far-field response
areconsiderable. 'I'hisappliesbothtoreceiving arrays wheretheresponseofthearrayroplanewaves inci-
dentfromdiffaentdirecfionsis smrghgandn'ansmittingarrays wheretheacousricoutputfi'omanarrayin
different directions isrequired. Thenear-fidd region (or Fresnel region) of alarge n'ansducer orarrayis of-
tendefinedas

- r<L2/}. (1)
whereListheaperurreofthearrayanditdrewavelengthatthefiequencyofinterestWithinthisregion, for
awavereceivedfiomthemeasrnementpointthephasediffa’enees betweentheelemems oftheaney are
significantlydiflerentfmmfireseforaplanewaveincidemfiomthefar-fieldDirectmcasmemems within
thisregionma-dmedonotgiveanaecmmeresultforthefar-fieldresponse. Inmostcalibration facilities,
phdnghydrophonesmmafingumsnfisfimsalugedismneesfiomfiemyisimpossible duelolimita-
fionsinthesizeofthereservohmwate-mnkmwhichmeasmementsareundemkenMeasuringthefar—
field response directly also introduces problems in orientafing equipment accin‘anely and avoiding surface
reflections and inhomogeneities in the medium over thepropagarion path. There is therefore considerable
interest in calibration techniques which avoid fire need for far-field measurements.

The concept ot'determining the far-fmld response from measurements taken inthe near-field is not new.
Methods were developing intheunderwaner acoustics and elecu'omagneticresearch fields inthe 1960’s. In
underwate- acoustics. two methods were developed. That: [1] developedtheideaofaNearField Calibration
Array (NFCA)inwhichtheelementsofaplanararray areshadedtoensurethearrayaasasaplanewave
filter to sources within a finite measurement volume. The shading coefficients for the desired frequency
rangearedeterminedbyanoptimiufiontechnique'l'hemethodhasbeenusedsuccessfullyatNavalRe—
searchlaboratoryintheUS formany years. GeneralisarionstosteeredNFCAsandtonon—planarmeasure—
ment surfaces have been developed [2].

The second method, initially proposed by Horton and Innis [3], is based on an integral representation (de-
rived fi'om Green’s Theorem) for the acoustic field exterior to a closed measurement surface surrounding
the array. The method in general requires knowledge ofthe pressure on the surface and the normal derivative
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ofthepressure.andaGreen’thnetionwhiehisasolutiontothewaveeqtmfionwithapointsom'eeatthe
' at which the far-field is required. For some measurement surface geometries. a Green’s function

quiredandtheefl‘eetofarmsintheimeasmementofnear-fieldpressureshas beenpresentedbyEarwicker
[4]. Equivalent near-field calibration techniques have been developed for electromagnetic antennas [5] and
[6].

Inthis paper, thetheorefiealbasisofthenear—field calibration techniqueused is explained 'I‘hepraeticaldifictfltiesthatwereovaeomeintheeonsn'uctionofthesystem arediscussed. Someresmtsshowingthe
useofthesystemforthemlibrationofanarrayoflowfi'equencysouudsourcesarepresented.

2. THEORY

Theimegralreprwenmfionmethodhasbeenadoptedmtheworkreponedha-e'I'hepressure.p(x),atapoint
emimwameasurmnemmnfaeeScanbeexpressedmmmsofthefonowmgimegal

p(x') = ig (p(x) VG (x, x') -G(x,x')Vp)ndS (2)

where n is the outward normal. The Green’s Function, G(x,x‘), must satisfy the inhomogeneous wave equa-fionwithapointsoureeatm’. aradimionconditionarinfinity, and the boundary condition on'the meas-urement surface. his only for cylindrical and spherical surfaces that convenient expressions for the Green’sFunction are available. ’

In the near-field calibration system desaibed hue a spherical near-field measurement surface has beenused.CylindricalanfaoeshavebeenusedinothersystemsdevelopedbyDERAbutthesphericalsurfaoe
wasconsideredthemostappropfiateformeatraystobemlihmredandformeasuxingtheresponseinall

Foraspheriealsmfaoe,theGreen’sPunetionis,forH>r, givenby

G(x, x’) = 41:2 (21+ 1) [hum (kr’) jn (kr) Hung) (kr’)]Pn(cosfl”) (3)
n — 0

where k=(nlc, case'=x.x’ (the angle between the measurement point and the far-field direction), (I) and caretheradianfirequency and wavespeedeonsidered, a.is aooefficientwhiehdepends onka and kr‘. and afactor axpfimt) has been assumed and suppressed throughout Using the asymptotic form of the sphericalHankel function, the following result is obtained

, x (4m °° (2n+1)i“+1Pn(oose”)
P(X) = e723? {1300(20W d5 (4)
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Theinnegralisatwodimensionalimegraloverthesurfaceofthesphaefmeachfar-fielddirecfion

3. DESIGN OF THERIG

The calibration procedure involves the measurementofthe pressures from the array a: a sufficiently closely
spacedsetofpointsunmemeasmememsmfaeemndmecalqflafionofmefm-fieldresponsebyammaica]
evahrationofequationfl).luthiswmkflrepressmeswa'emeasmedusinganear-fieldflgwhiehconsisted
ofamrmberofhydrophonessuspendedoncirailarmmswhichranalongfinesoflonginrdeonthesphefical
surface.’l‘hearmswerefixedwacennalfiameworkwhichalsompportedmemyundacafih‘afionm
hydrophones must bedesigned to measure the flee-field pressure. They must therefOre be omnidirectional
atthefrequencies considered. and interaction effects betweenthehydrophones andthearms andtheneigh-
borninghydrophonesmustbeminimisedTheymnstalsobeinsensifivenovibradonsofthearmsexcinedby
theacousricpmjectorsindrearray.

Theresultspresentedha'eareforaverficallinearrayofprojeaorswhichwaeomnidirecfionalinthehor—
izontalplaneandweremounsedintheoemreoftherig.’l‘heaeousficfiddisthaeforesymmeuicebomthe
verfimlaxisofthenear-fieldrig Consequentlymeasurememsononlyonecircumferenfialarmwerere
quiredwhichgrearlysimplifiedthedatathatneededtobetakenandtheamormtofprooessingrequh'edw
calwlatethefar—fieldresponse. However,thistypeofrighasbeenusedsucoessfunyforothermys (vol-
umelric configurations) where axial symmetry does nothold and measurements on anumberoflongitudinal
armsarerequired.

Previous work oncylindrical near-field rigs [4] has indicated thatthe spacing of hydrophones required is
verydependentontheaoousticfieldwbemeasuredjypically,aspacingofahalfwavelengthatthehighest
fiequencyoonsida-edisneeded,butforamybeampamemswhicharehighlydireetionalineitherthehmi-
zomalorthevenicalplaneacloserspacingmaybereqrfired.’l'heapproachadopnedherewasuoassessthe
wequaqofmespadngpmpmedbymlwhfingmemr-fiemmmdmwrefimlmaysmmme
mysmbeteswdfiommemefiwvunesmrmepressmeatmenear-fiddmeasummmmims;Thisalso
servedasacheckonthenumericalcaludafionTheacmalresponseoftheanaysmaybesomewhatdifl'erem
duemavarietyofefi‘ects (mimchesbetweenmeelemenrsorimaacfioneffects)buttheassessmemof
LhesamplespaeingrequiredisexpecaedtobevalidAnarmwithsoeqmnyspaoedelememswasassessed
robesufficiemtodeta'minethebeampamofafom'ringarrayforfrequendesuptoZkHz,seeEgrn-e l.

The amplitude and phase ofthepressures atthe near-field measurement positions were measured-and sun-ed
foreach drive configuration (frequency and Steer angle) offae projector array. The far-field response was
thencalcrdatedofi-line. 'I’henumericalcalcrdafionoftheresponseinalldirecfions foreaehsetoidatatook
a few seconds.

4. DATA COLLECTION TECHNIQUE

Figuelshowsablockdiagamofthedatacollectionequipment.'I'hefrequencyatwhichthebeampamern
istobemeasuredismanuallyenteredinmtheoscfllamrandthepowa'ampisadjustedtogivetherequired
sornceIevel. 'I‘hetransmit signal was typically a 101m pulse. The 36 hydrophone signals arefedto aDERA
designed Analoguem Digital Convener, whm'e they are digitised and read by the computer. Software was
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wfittentosimlfltaneously avaagethesignalleceived oneanhhydmphone. typifillyova-ZOpulses. Theavmgedamplimdeandphasedataareresolvedimoacomplexpair.'I'hesedamareusedasaninputtothebeampammcalaflafionpmgram.

5. MINI NEAR—FIELD RIG

Tomestthetheoryandthesoftwareasmaflscalenea:—fieldrigwasconmcted,figure3. The leeasm-e—manhydmphonesweminifiany 25mbaflhydmphom. butthese airfilled spheres werefoundlnbetoolargeandimeracfionefiects wereobsa-vedmngadisupfionofmefieldthattheywerenyingmmeameThese 16 hydrophones was replaced with much smalla ceramic block hydrophones. These hydrophones
becausethecapadtaneeoflhecableisasiglfificamfiacfionoftheca-

rectionsato°and 180°whicharenbtpredicted bythethemefical model. howevermefinineelememmodeldaesprediasomeena'gyradiafionaxanglesclosetoendfire.

7. FURTHER USE OF NEAR-FIELD MEASUREMENT SYSTEMS

ItishopedthatintheDElA, theusageofnear-fieldfigscanbeinaeased, bothintankfacilifies andmmajorcalitn'axion sites such as the Inch Goil CalibrationFadJity, whee a near-field rig could be permanently setup and available for use. his alsoenvisagedthattheneat-fiddtheorycanbeusedtopredicttheTarget EchoStrengthoflarge scaletargets whereit is notfeasibletomakemeasuremems in thefarfield.
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8. CONCLUSIONS

The near-field rig provides a monument system which (Name the problems associated with making
far-fieldmeasmementsonlargeapernn'earrays infimited water depths.Themininear-field righaspossible
uses inlsborarory acousticmnks whilstthe full-scale near-field rig ofiasponenfial measurement capabili-
tiesinlargerbodiesofwalerbutwirhouttheneedforexpmsiveseauialsinwhichmeasurememsarernade
directlyinthefarfield.
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FIGURE 2 BLOCK DIAGRAM 0F ANALYSIS SYSTEM
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 FIGURE4 RESULTS FROM MINI NEAR-FIELD RIG
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FIGURE 6 RESULTS FROMFUIL SCALE RIG
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VECTOR HYDROPHONE CALIBRATION TECHNIQUES.
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As part of DERA's Corporate Transducer Prograrmnehydrophones are being developed to detect

the vector component of the acoustic wave. Thesehydrophones have intrinsic directivity despite

small dimensions. The standard technique for calibrating vector hydrOphones, comparison with a

standard pressure sensor, exploits thesimple, proportional relationship between the particle

velocity and pressure perturbations caused by travelling plane waves. In practise, these conditions

are approximated by working in the distant far-field of a finite sound source. Close to the source,

the velocity field, in particular, contains significant contributions due to evanescent waves, and the

simple relationship between velocity and pressure is no longer applicable. Failure to meet the

stn'ngent far—field conditions required for this simple method of calibration can significantly reduce

the accuracy of measurements carried out in a confined environment such as a water tank.Three

vector hydrophone calibration techniques are currently being developed at DERA Winfrith which

will produce accurate results without the need for a large separation between source and

hydrophone. These are: a travelling wave tube, a projector array tuned to produce a quasi-plane

wave near-field over an extended volume, and a near-field holography method. This paper

contains a brief description of the vector hydrophones and the three calibration methods,

outlining the merits and limitations of each technique.
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