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l. mTRODUCI'ION

Finis: end boundary element methods Ire being used in many industries as part of the design cycle. where they
permit more rapid evnlfmian of new designs and ofi'er a great: level ofrmrlmtandjng ofproduct performance.
Many aspects ofloudspeaker design could benefit from these techniques. This has been discussed previously [1].It should he noted that no obtain swim: results good input data describing the geometry. material properties and
boundary candilions is required. Howlech material dam for com. Sin-rounds Ind spiders is 11]:er to be onlyapproximame brown. Even under these conditions it is possible to use the finite and bomdary element methods to
estimate general u-mds ofperformance [2].

The wrrmr work follows on from the previous paper [3] ofthe euthor. The importance ofusing a fully coupled
mlysis is inva The contributions to the pressure lion: the cone, surround and dump of a loudspeaker are
examined, ilhmting the type ofdetailed information which analysis can produce. This type ol'output maybe of
assisunse in making design decisions. '

2. FULLY COUPLED/UNCOUPLED ANALYSIS

Whmammevihrntesinmacoustjcmediumtwoconditionslresatisfiedanthefluid-muenneinmface. There
iacontinuilyofnormalvelocityandwnfinuiryofprmneintheflrfidwidlnegafivethenomslminme
structure. Forecompletelyaccnmeanalysis both oondin‘ona shmrldbesatisfied. Whenrhefluidisdcuse. eg, shell
snuconu vibminginwuterfitisuheolutely essenfisltopert‘ormsfirllycmspledaualysis. Howeverwhenthefluid
islighuhefluid loadingisoflm insignificant compared with otherl'orces exciting the structure. Foxaneogiue
block vibratinginairitisqnite aficithusemuncoupled acoustic analysis. mmbanalysed initially
withouranyfluidlnndingsudlhonesecondazyacousticanalyrisispezformedusingmennfieevihrufionsot'the
mucnnessaloadingcondiflononthefluiddomain. 'l‘husonlythefimofiheuhovetwooonditionsisutisfied. It
isalsoseompuhflonsllychapermedmd. Faraloudspesknoonevrhratinginahmefluidislighgbutsotooiathe
structure. Theextmltowhichsfilllycoupledanalysisisneccssaryfouemrutewuinvesfigutedusingthe
worlsurroundldusneap model of [3]. showninfigure Lusinghoflrfirlly ooupledanduneoupled analyses. The
comparisonisshowninfigurerorspointinfionlol'theloudspeskerandinfigure:forapoinrbehurd. Thereis
snoficesbledifiaurceofupwneerlyldB. fiesunmmdingfluidwillhsvebothaueddedmmandadsmping
efl‘ectontheanucnue. mawofmmemmudwonmemmofmewmmmp,amounde
voicecoilandnlsotheammmtofdamping inthe mechanical lyslem. Thus oflmrdriveunitsmayheafl'ected
difl‘erently hythefluid loading,bulpahsps ldBisagenerslguidetothenccmcylostfiomusing uncoupled
analysis,
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3. PRESSURE CONTRIBUTIONS

When-structureisvibrutingineonhrctwithanawusficdnmninthentherndinfingsuriscecanofienbemmlly

decomposed into several regions or panels. The pressure at a particular point in the fluid can he considered as
arising from contributions from these different panels. There are sewn] different ways that these contribution
factors can be defined. The euthor had considered evaluating panel mlfibllfimfl using the Helmholtz fornmls;

583.2) _ 5M!)

an 571
y y

 

pm= I.[P(Z) g(£.g)]d1'(z) (1)

which expresses the pressure in the fluid as an integral over the radiating aurhwe involving the surface pressure P,

the pressure narrrul gradimt Z—p , the Green's function g and its normal derivative. It is fnirly simple to evaluate
n

contributions to the integral fimndifl'erent parts ofthe airfaee arm 1" . However these contribution factors do not
providedredesiyrerwidrinfonnafionwhiehisessytninterpretanduee. Perhapsamoreusefuldeflnitinnofpnnel

contr-ihutinnslrethosebasedonvelocitysensifivity. Theidrpanelcontributinnatdrepnint 5 isthepressurent

thispoinrwhenmeidrpmelhw‘hnflngnomaflyhutmewmainmgpsnekmassmedmhehelddgidlyfixed
Thepsnelcontrflmtionsoreeomplexnumherswhiehsummgivedreeonmlexpresaurevnlue. Theycan
wnvariarflyheplomednnsnhguddiayummgeflrerwidrdreresulmntm Itisthenobvionswhichpnnelsare
eonm‘hufinginapnsitivesensetnthetotnlpressure(sources) sndwhich havunegntive enntribution (sinks).

Thesetypeofpaneloontn‘lrutionnreusedhrdresummntiveindustryfordreinteriorvehieleeonrpuunmtfi].

Panel contributions havcbeencomputed fnrthe3D loudspeaker example of reference [3]. Tineepanelshnve been
definedwnqdustnapandmuund Inflaisannlysisthespenknbnxwumnnedmberigid. FigureMandS

showpaneleontributionsstlmflzatnpointlminfinntnfthefrnntbmrdlndlmhehinddrefi’onthoard
respenively. The resulu wantn have s surprisineg high contribution firm the surround. However inspection of

themadeshlpe,referenee[3],rhnwthatatthishequeneythesurruundisvr‘hrntingwithinrgcnnpfltudenndthe
eoneisvihrating with largest emplimde at its ouuredge.

4r CONCLUSIONS

Resultspreserrtedinthispaperauggesttlmfaraoernntemrlts invflrreseousdenrodellingofndietion from
WRMWWEIMYWIfiMIhM Panelmntribufinnscanheusedtoprvvidauseful
infomfiontodzedesigperofloudspeakm.

5. REFERENCES

[I] P c Mncey
“Advanced design methods far loudspeakers using vilrmncoustic finite element and boundary element
models" '
Pros. 10A. Vol l7pt7 1995 pp 3356-3367

32 Proc.l.O.A. Vol 19 Part 6 (1997)

 

é  



  

Proceedings of the Institute of Acoustics

CONTRIBUTION ANALYSIS FROM LOUDSPEAKER RADIATING SURFACES

6 Bank
“Sensitivin of loudspuka performance to material variations"
Pme. l0A. Vol 18 m81996pp 1-12

[2]

[31 PCMacey .
“Analysis ofradiation from loudspeaker cones using finite and boundary element methods"
Pmc. [0A. Vol 13 pt 8 I996 pp 47-53

S Rubens
"Applicau'ons ofacoustic modelling to the determination of acoustic panel contributions".
Pine. ofMechl! seminar “Modelling and WH - Automation Techniques and Solutions" held at MIRA,
Nlmeaton. UK. Much [997

[4]

Figure l

ACOUSTIC B.E‘ MESH 0F DUSTCAP

CONE SURROUND AND CABINET

 
Proc.l.0A. Vol 19 Part 6 (1997) 33



  

Proceedings of the Institute of Acoustics

CONTRIBUTION ANALYSIS FROM LOUDSPEAKER RADIATING SURFACES

c

Figure 2

mmnlshlumflwmlmlm
an In]: r: 2.025

500 me man 2000
Erma!“ Dirt!)

9—.— FULLYm MALYSIS

_ mam: ANALYSIS

FigureJ

mamsumwmurmm
an In“ re 2.06-5

mo I‘D” IMO 2000
Funny Guru)

9—... fill.“ cum ANALYSIS

_— manna: ANALYSIS

Proe.l.0.A.VoI19 Pan 6 (1997)   



 

Proceedings of the Institute of Acoustics

CONTRIBUTION ANALYSIS FROM LOUDSPEAKER RADIATING SURFACES

Figure 4

mm mnuumiml at [me per-u
hr point 1. 1n Iran! 0! neuter

luluap

lurmmo ‘

can:

"wle mum

Proc.l.0.A. Vol 19 Part 6 (1997)

mun

can»

Figures

PM" HIIU‘IIIIHGII at me lift!
la- poinl ll nmlnn front be“

IW‘NIIM

rmlunl Drum

35



 

Proceedings of the Institute of Acoustics

as Proc.l.O.A. Vol ‘9 Part a (‘99?)  


