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I NTROI>L CTIO:\f

The bou ndary cle ment method is a gen eral numer ical
method for solving the Helmholtz harmllnic "a\ e "'l wtion,
The tradilional (direct ) ap proach 10 BEM is 10 numeri"all y
appro ximate the Kirchoff·l lelmholtz {K· 111 integral equation
(Juh l !993 , Morgans et al. 2004 , Koopm ann and ra hnline
1997. and Pierce 1994)
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DIRE CT BE!'.l

numero us non-com mercia l acousnc IJEM code s, such as
those a..., .. cia rcd with the book edited by Wu (2000 ). These
source eud<.-s exist a.;; po:dagogicale:\3mpks for teaching the
basicsof DEM at an ad vanced undergra dllate or postgra duate
le\'d . Tbey arc wriue n infonra n 77 and are available the C l)
lI<'l;ompanyiog the book , The y are fully featured and capabl c
of so l\ ingpr...:tiClllprob lems ( Morgans etal.20Q.t)

These non-commercia l codes , whils t readily available
wilh lhe rurc ha'C of the I><M,k,havc not gainc d wi despread usc
for a number of reasons: the interfa..'e is com mand file dri\' en
and req uires eccess 10 some form of pre and postpr oces sor .
and Ihcre isa limitoo availao ilily of suita ble tutori al materi al

Thus lhere isa need for:
• an cas y 10 USC, freely available inte rface to an

aoou-~ticRF.Mcodc.and

• a well written.. Mcpoy 'kpluloria l on the use of
810M 10 solve simple rejeveru aoou>.licprob lem s

In this paper, brief outline s of direct 810M theo ry. the
Helm3D REM code and tk Gil) pre and poslproces1lorare
prese nted An out line " I' the Gnophica l User I nler ra,~ (GUll.
develo ped with Gi D 10 so lve direct BEM prob lems using the
Hcl m3D code. is give n. Finally. tile tulor ial mdll'fi al and how
it will be used to lcuh the use r flloda1Tlt'ntal acoo slic and
Bf.M con ccpts arc dcscribed.

pressure
redial distan ce
umc
n" noa l s ur1,,~c vck""ity
I'",i li" " " f lhe tic ld p"inl
location of CHIEF point
p" ,ilio n "fthe sour cc
specilk acow;ticimpeda nce

The aco ustic Bounda ry Element Mdh ,1(! (BEM ) has I1<>en
used to solve a witle range nf practical prnhk ms in acoustk s,
such as the m,l(!ellinl! of sound generated by loudspeakers
(l'"tl er,o n and Munch 2002 , anti Hod gson and Underwood
1997) or received by micro phones (Ju hl 19'H ). the sound
power radiated by a pa rucular structu re such as an cng ine
valve cover (Ciskowski and Hrcbbia 199 1) or a fan (von
Estorff2(00), and the sound scaueed by hard structu res
(Morgan,lOOO)

Numerous commercial codes that implement acou stic
I3EM exist; however the licensing costs are prohibitiv ely
ex pensive for casu al users , limiting the uptake of this
technology hy the w ider acou stics community. There exis t
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..'he!'e..(..) It 1 p<.>$Il l(ln dq'>Cnd~'fIt com.tInI ( un i ly oulsidc lhf:

volume of inl<'l'nt. % 00 !he , urlaco: of the ~'olume I nd n:ro
in, idc the \o lumc:), p(.) is the COlllpln~ amplilUdo:

(",ith ~- tH" cdc:ro:ndo:oco:)al locauon :r. I=.[:i. p is
the nu id dcn.. ity, til is the angular freq uency , >,.(.., ) is the
oonna l surflll.T ....elocu y at loca lion x. and g(... I"') is the
free spate Green', function relating k"' 1I110ns :r and x" The
K· H ~ualloo can be dcri, 'ed (rum the Helm hollz cq ualioo
usina: e ilher ph)osical lllJumen ts using mon<'I'l'ln and d,.....lo...,
(Faby 2001) or IN na: . «tor akulus and Greee's Ihcorem
fXOO('l"I'Innand Fahnhno: 199 7, and Fah y 2(0 1). Equ.ohoo fl)
is the fundamc.'llC:ltl o:qualion ofdim:t RE.-\t, and "'--sl lutl lhe
~wro: alllOypoinl canbo:~k4 byIho:SIII"f~ imcgral

of 1 com lHnaliM of monopob (rlnt ICfm in tho: inlo:gDl
of f"lualio:lll t ill and dipoJes (...,.;ond I<:mI in lhe illkgnl of
f..qu.allOO(I)) ah iZr>o:d ....ilh tho:sunlll.T norma l. Tho:1n<IIlOJ'<'4c
soon:c str~glh is .. ci,hled by the prod uct of dcMiry and
M1rface ac('("k rationanoltlM:dlpok WlUrcestrm@:th is wei@:hted
bylhe surrace pro:ssW't. Giwna disln buli"nofsurfacellOl'tTlal
veloci ly (whichis lhc b..undary ccndinoe usu..IIYrn:scTiI:":dJ.
onc e tbe surfacc p......,.u,ci5 fou noJ, lhc PTC'losure ficloJlnyw hcn:
in tbe dornam can be cak ulatcd.

Direct llEM can be used 10 so lve the 1I" lrnhnlll equo1 linn
in either a bounded imctior domatn (in tcr ior prohleml nr lln
unb ounded ex terior do main (eJ\l" rinr problem ). T h" surfac e
p,~...sure is found by discreusing Equa tion (1) with " . nodes
and n• ...k ,n,:nls similar III those used in f EA , If tho: field
po int is pu. iliono:tl al L"""b su rface nook (or "~oll<xatc..rl

th,:n a:o<.1'Ino fll. o:quations for the n. surfacc ptCMUTcs a n
be fou.nd fOf • gi",n . c locity di ~tribulion . ibo: o:qlllll"lf1 ~ are
J'."IlCnlcdIl)'D ullJo:ri<;al integr;l.tiono' ·cr e<1dtclcmcnt,.nd
lho: intepaljnn techn ique used mus! be cap;lhk of dal in,.
.. ith thesina:ularilin kll,lIld . t the Iocalioosoflbc rnonopnk: s
and dil">b, Tho:CtfUlll can be fonna1 into • nwriJ. and

in'efIcd Il-~inl Mil'l<bnJ linear a1gd.... tcchniqun.. Once lhe
lYLItlri .. is inVC'I'1Cd,andthc su rface pl'eSsun::s l.lIO'An,lhcrlCld
prosum can be cakuLa lCd

Then: arc 1 number of disad....nu.ges 10 the dlm:1 BE\!
"f'Pl'lM"h. lfIhc K- ll integral cq uationisuscd lo ro:pm.cnlthe
sound rrcldon thc cucrinr ofa finile \tolume.at Iho: nalura l
frt\l UCflCin of tile inIL'rio r ..,f lbc finite . 'olumc:.1hc C\kri<.M'

prublc'mbrnU d.... n andlhematrillbec<.lfflCIIill....."OOdlliuncd
Th,s is .. c ll doo;umc nlro (Cople y 1968) and man y IOIUIMIIIS

h."c been ancmpl cd (Sc !IC~k 1968 , olIldRun"n and Millet
1971 ). 1bc CI IIU " mcthod (Scho:nck 1% 8)i s ..-..anm" nly Il-<;o."tl
IOO\'c.............. llle inlmor nalllra lfrcqucrteyprob lcm b«.Il-..c of
ii, ~ i mplicily. Th is techniGuc solves an o\ cnJctcr mincd S)"' CI1l
Of Cl.luaI KIII.~ f"rrn..-d by placingulra l'l."nlS {.l<...i insidc thc
"olumcuf lnt...rest. Pro\'idcdlheCl IIH fIOmls are nol placcd
al a modal lillCoftlll.' intcri~ ~olulion.lhi$ .. ill impr()\o'c thc
matrill c<'ndili,m ncmber ard allow lhematri ll 10 he solved
using k osl'SIIuarcs m~1h"ds

Another problem occ urs .. hen Ihc Iw" wr fa..:a " f inlcres t
are brOllp,l c lo5Ctogelhc r,n:suh ing in ..th in-~h:tro:brcak"',wn~

( Man in...T. 19911. This mc:ans tilal . Itho ugh some IC'Ilncl1iC'.!
ere probabl y b.:sl n:pn: senlcd wilh . lhin w rfilCC.a dil'C('!REM
. imul.lM' n ml y cilher bc llOlpos.,ibk. lJf lhegcomclry muSl bc
cnck""'" in a lafgcr~'olume,
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Ahhou.,..h thc BEM is malhem alica lly co mpl....., once it has
been impk:m.:o ted in a"'Olll puter cadc tbc user i ~ roo"""...hal
remo ved from Ihis co mplcJ\ily. The 8E~ formuLali,., ..,.n be
\ Clificd by com pariSOll.. ilh ana lylica lsolulions.o:nsurinlllhal
lho:cquali"n~ . re being su l\"t:dcOlTCdly, ..nd \tl lidaled a @:. 1llSI
npcrimen lal dill.... rn~uring lhal Lhc equati ons arc ceerect.
Tho: useru n then wncenlnl~ onIlcnerat ing the geometry and
arrJying b..undary cond itio ....

1I[1 .:'to1 3IJ
lbc oJim:1 REM codo:"'""'"in Ihis ro:-scarchis Hd m 3D. a F,lft,..,n
n impknvtliltlon lain@: lillCal' trian gulat (l{ '1.....tribllcra l
o:kmmb. II is.able to so)~e int..Tiox(I{ ClllcnOr prob","" ..-ilh
....ide urictyofappliedboundalycondiliuns. Tho:codo: is
auibbl~ .. ilh tho:purchase of tho:~yia,. book (Wu
;!(JIJO). Tho:code rnoh ;n tho:g.....mcuy. boundary cond ilions,
f~1d minis ,,00 e lH U' points from a lUI ba:ied inpw file.
forms the BEM m.aui_ CtfualKornand foOt,,:sthe rnalTillf,,.. lhe
boundary unk_1IS using IeaSl·squan.-sroul, ,,". lbc 5<Illnd
ptes"lll'e al uscr-sp«iflCd poi nts and the !\1.lU nd I'O"'cr and
r.ld iation ~mdocncy for r:tdiali,," probk:rm. an: eva lualed .

The colli... can currently only ..., I v~ simple lK'ou!\lic
problcnl!\. 11M:reis ~UrTl.'ntly no me banism 10 so1\'c a cou pled

vibroacousti.... problem, when: th acous tic s can a ffe~t lho:
vibra ti"n and vic...v...rsa

C;UI
Gi U (hllp;//gid.cimnc.ul"' .c ,) is • g...nl.'ra l ·pu',,"~ , fully
featured finileclemeTllprc a ndJl'O'>lpmc~~'l<>l'oJc.,c~>p<:d ""C I
a number of )ea n by !tlc lntemational Ce nne fur Numerical
Mclhnck in Engi....-.:ring (C1MNEI in Ihrcelona. Spain , II h...
clllCnsi-cgctlm.;trycrcation f....lUrC'.lIS ...,clla'CAD impor1

{JGES and Olhcnl. ~lI'b the Illl:shing <If many dilTCf'CT11
clo.,",,"'D1I)'pnand lheapplio;Aliollofboundatyrondlll iom.,lIld
has • posI~n8 gpebr lity for \tiewing mullS. Fill'UI'C I
sbov.-s a reprnc:n C:ltti\"(' eM int..-riormnbo:d I.G iD

Tho: ~ic \crsion oflhis proj: ram is free ly
downloadable. the onl y I'C'otOction be ing limited to 700 30
clemen ts. Fortunak; ly for RE\t .Ihis is a rcasona blc size and
m..nY lISCful <lroUSlic prubIcms Cllnbe ~l~ed



GiD il>desigocd to be easi ly eUl>tomised and exch,mgc
dala with a ~ariety of numeri cal anal) sis codes . There an:
mec hanisms avai lable 10 apply custom bounda ry cond itions,
mater ial propertie s and so lution controls to the model , \ 1ol't
of tho:l<c sol,'o:o, in<;lud ing IlelmJd , n::qu;r¢ some fonn of te" t
tile as input. GiD completely wraps the creation of the text
file, cxcc uuou o f the solver and interpretation of the post­
processing data, making the ope ration tr.lnsparen t to the uscr.

The IIehn3d GUI (graphical U"'-'Tinterface) de-eloped lor
th i ~ projec t is straig htforward 10install (installation instruction s
are included in thetutorial]. Figure 2 shows the problem data
dial"su c ho x, which allow s the user to spec ify most "fthe
requin:d inputs that control the simulation. These include
me project title, the frequen9 'mtlgcofintcrest,whether ltle
problem is an ink ma l or external problem , materia l properties
such ns dcnsitya ndspecd ofs ound. the position ofa field point
(a "microphone" Ih,,1can be placed anywhere in thednma in),
an,l lhc posilinn "f:my requin:-dC ll IEF poinl

The butlndary conditions that cmtbe appliedin l lclm3d are
a surface prc",un : (tarel y llscd), a smfacc nonnal velocity or
a M,rfilee normal impedaoce. These can bcapplicJ usin g the
boundary conditions d ialogue box. either 10 model surfaces, or
dirCC11yt Olhc surface mesh

An impo rtant rcqllircmcnt fur a HEM code is eOl1lml over
surface normals . Each surface clement hD ~ a p<>silive "~ i de".

and il is impcrative that the slJ e is facing outwa rds tor inlcmal
problems [cavities) and inwards for external prohk ms, Oil>
hasa mechanism of vislla li""l i" n " f surfacc n"m ml" a n,l it is
easytomodifynunna l dirccl iolls umil all sur fa"cs an: p<,inl ing
in the re4llired direc t ion, Figure Lshowsthe car surfaces with
dark grey positive and lighl grey llt'galivc, For lhi ~ ~ im ll lar i on

Acous tics A..stralia

thc 4 light grey ' u. facc. mu" be Oipped in orde r to solve the
inr.:mal HEM problem

Figure .~, Sml"ce n", m.1 visllali""tio"

Thcp<>slpr~,ing capa bi l; ti es oI' G i!) a re nlen sive , and

thc Tesllits of. Helm3d eale ulalion can be read and displayed
easily. Hgure 4 shows an example of a plot of pressure
magnitude at 100 Hz over lhe interior oflhe J m lung. 1.2
m high and 1.1':m wide car. A vcTO(:ity e <eilal;on rcprc'iCnh
soond tmnsmiss iunt hroughthc cnginelin:wall

The GUI interface to Hc lm3d developed lor this projL"'1
is 'iOmewhatrud ime-nlary, althollghit is sufficiL'ntlo lcam lltc
REM and acoustics. Future de velopment s of Ihc G UI mig ht
allow: mujnple CHIEF points ; multip le field points or even
a field mes h that alloW'Svisual;"" ti<m of !he sU\lnd field awa y
fr<>m,the sllrface: or thc inclusion uf acuos tic §Callcr ing frnm
withm thc Gljt .

~'il: ll re 4. Pressure magnimde in • car interiur (pres,un: ;n
Pascals)

TUTO RIALS
The unorla l guides the user through BEM modelling with
eighlprnblems,cach intruducing dilTerenl aspccls nf:

• fundamenla l cOl1eeptsinacoustics.
• BEM specific concepts, and
• llsing lhe (j iD-Hd nt3d i11lerll..:e.

The tulorial matcrial co mp.-ises step-by-step instruc tions
whic h explain how to input each model. apply boundary
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rig~rc S . f1rcakd"",n of ihc luhmal probkm.

condit ions anJ postprocess the l"I..'SUlls. Compar isons with
analyt ical soluno ns are given when possible

By the cnd o r the tutorial , the user should ha~c had an
introd ocli"nlo lhc!;e fundame ntal COOCCl'ls in aoousli~-s:

onoe-dimcn, ional standing wl vcs,
one-dim ensional travellin g ",.ws,
impc<t<lnce (sound abso rbing) bo undary conduio ns.
modes in a rcclangular room,
modes in more complex spaces.
oec-dimensionalspbericalwaves.
sound radiali'H1rrom a spherc.lnd
loOl.Indt<lJ ialiun fml1lmorecomplcltshapcs

Thc user sho.. k1undelSland lhef.cBEM ,~itic conccpl5;

edva mages anddisadvanlall~'" ", h",n CfNllpared 10

othertechniques.
inlcriur\'crsusexteriorprobkm s,
dcmenl lypcs.
l11es h ~ i rc {6 demenl s pcr wavele ngth ),

non-uniquencss di nic ulty( C1HEF poim s),
symm cuy. nnd
direction of normals

l1le user should a lso ha\'e a work i ngknow ledgc o f l h~

GiD- lIelm3d inl~...faccconcepcs:

inl'ultinglhegeomctry inlo Gil>d il"l..'Ctly.
importing CAl> data inlo Gin for mesh ing.
flipping surface normals,
mes hing the geometry ,
app lyingboundary eomJiliuns,
soh' ing lhe prohleml broullh the GiD inlcrtace lo
Ilclm3d, and
post-processing resultstbTOugh GiD

92 • Vol. 33 December (2005 ) No . 3

Figure ~ shows the breakdow n of I"" lulorials. Two
appli ealioo arcas are addrc-ecd: interior acousucs alld cxlcmal
acousuc radia uon. Simple problem s wil b ana lylin i solulioo>
art' imrodcced. The power of IlE M is lhen demon~lraled

through applicatio n 10 more realistic problem s.

I Nn :RJOH. PROBl.EMS
A simple model of a ID standing wave ill a rigid walled
duct ( Figure ~.a ) introduc es the user to HEM through the
very simple geometry ofa long rc~1a nl:'C. Veloc ily boundary
eoodil iuns. lhc required dircction ofn"rmalsalldlll<.-shing
a~ introd uced.llow me accuracy or rcs utts can be affected
by mesh re~"luIion is a l~, demon......led. Res uliS obtai ned
from lhe numenea l modcl are lhencumpa redto lhc analylical
solUliun , An example of sound with a wavele ngth identical to
I..., docl r",nglh. res<.maling in a hard walle d duct. is shown in
Figurc 6.Aunil inpul vel<>city al lhe Idl end and zero velocity
com!ili" ns elsewh ere are a~sunwd

l'ig urc 6,Stand ; " g wa'ei n aducl al l he~dlheoret ica l

rc~nnar>cc frc4UCn<:y oft l>cduel (I""""urc in Pascals).
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A model of a ~peahT in 11M: ~"'>I1lCr of " rillitl " ,. II"d room
(Fi gure:S,d ) imrod lKc~ the u, er 10 II\.., excila lion of modo:s in
a 31> environment Rectangular mom~ with llirc:c dill"crem
axial dimcnsion~ are:co mpared 1<> those tbm have two <>1' more
iden tical dimensiuns. Various source shape, (.. r ide ntical
volume velocity ) are al!'l' ilwest iJl,alo:<.! .extemJinll lh" user 's
understandin!: or roomaco..'l ies aml lW M OOUTCe model ling
An example ofth...c xcitanon of room m",!<,. in Iwo directi" ns
is shown in Figure 11. The ", .. m ,limen. i" n. arc 2.S tn" S
m " .1 m, n ... , ,,uree is 110,04 rnl .•ound source.Jocaredncar
tbeh" lIom lcn corner ofthe wal l wilh the lllnll.est llirnen, i" n,
and 0rc rates at u tre'l ueney ofMI.S Ht . <"" m..'pondinll. lu a
wa\ ·t!engtliofS m,

The final internal problem. the sound pr~'S.'llTe in rhc
interior or a car ( ~' igutt'S 4 and S,c ), is an elH,mplc:orbow
m::Mcan Ix appli~'d 10&praclical .10 prohlcm, f igure 4 s""""s
lhc:"",ponoewilbin lhc inlcrioroflhccar. Rigid "all buuntlary
cond ilions arc: ISSUmc:t1, In pr;Klicc III.: t1cxihility ur Ihe
cncI""ings.TUl.1ure .......ld need k, bc:lCc.. ..nlw for; h....eve r,

A side bmictJ reson:;Itl,'" is tht'a added (t igure 5,c). and
the;mal~ sisfrcqol:no:y is s...eptthrough~.lhe
l\"SUlts oflhc analysis are usaI IO shooo.' oo...'thernonodor
addsimp:dancciDp.snIIcl ....thttu.tof the pipe . ttsult ing in
" !i-Uppn:l>5ion of loon c jose to the~ frcqurocy. An
eu.rnrkofa~ boundaly dcm.:t1t modcl of. duo..1 ",·ith

a side bmictJ Ild mholu l'C!oC'n,illloril~ in Fi~ 10

(4 1

III

"'"""'="
fi,,,", 8, T",,'cll in~ ''''~e in. dul:1(prnou"' ... P....:ab)

a~~eo~:=::~n;~~uet~~~u~~.~:~ j ,
8).yieldinga lra'ellinl!pla...... " ..e." hichi~sho" n1Ohnc.

vcry sim ple analytice l so hni..n
The analytical prn..surc al an)' point in the dllCl is give n by

thC o:<juat i"n:

wb" re l; islhc di'l an<"c from thcl'oinIUf " xd lali"nal(\ng
the duc t. As can hc...,en frnmFigllre Q, lhe re.l allll<"ul11l'1cx
I'rcSSUfCS " f lhc trn cUinll.waw e", im;,I<...J using IlEM all.n:e

","W"h<h'"," 'Y"""'~

~ I~r l
IIll

Tho:"'-wna....~ ncq.....nc i~'S o f til.: S)'~Mn .n: simply the
rnonlOCC$of I n e pen.cjosed doct and~ given by:

h .~ (~

wherev iStM mode numbc:r.c i5 tM lpo:c:dofsou nd .ndl
is tbelenllih oftheduc1

Th.: :lIu.lytic" l sl""'i'............."' kimpt'd.n<..c .tlhcex...itation
\ocationi§ '

...heTe J- ~. J' K tto( do:ft'olly of lhc medlUm:ond i: i5
tIM: .... H'1umbcT Tho.- theoM ical spn: ,flClC\>Inlicimp:dan<'e
. nd thc RF.M !opl:CiflC .........."' kim(lC'da ncc( thcratiohct...ccn
the IC'OIlUk preo.su",.nd rartick ..c1.... ity) It the point of
uritltionlte~~in Figure7as . functionof fTequmcy.

The REM i5 shown 10 be: in good agrttrncnl ....ith the
throrcl icallyck'lmnined valUl:!o.
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Figure I3shows thc varial ion i n,ur t;1<'epres.~lI re (r=a)wi lh

frequency for the pulsaling sphere f" r an analylical s" llItiun,
and BEM calculalions wilhn o Ci l lFF[K!i nl, a Cl l lEFpoinl 3t
the centre utthc sphcrc and aCHIl:F poinr at halftbc radic s.

The .n.I)'lical s"luli on for the pres sure produced by a
pulsating sphere. which can be derived from the spherica l
wave equation. is:

where 'I is the ~ I'here ralJius. r is the radius at which the
pressu re is bein¥;calculated and w is Ihe angular frequency.
The ehame le ri ~ lic eigeefrcqucnclcs otjhe sphere, which are
the eigcn frcqaencic s of the interior Dirichlet problem, arc
given by the equation:

EXTE RIOR PROBI. F.l\IS
11le fiN e~t~Tioc" problemprno:nted isthe cl.,;sical fund.amt.-ntal

radiation prOOInn of a pulsating sp~ (F igure 5.0. Key

eOflCq)lsco>·ered.re mode lling symmetry and ho....Ihis a.fleets
eompu Lltiona l elflCiency, al'l' ropria lC: dllttlion of normals
fOf an e~tcmal probkm ;and the USC'of elilEF POUltsin \he
interior to impnw e \he cond ition number of thc governing
matri~. A Il1e!Ihed modd of the ""'If spht-re (a sym",,-"U)'
boundary cond it ion is u<,(>j ) is ~nin Figure l2.

CO~CLUSIO~S

This paper descri bes: a freely avai lable interface that has
been de vc1"red between Gil) lind IId m3d ; and tutorial
materia l describ ing some funda me ntal acoustic rro hlems
and how they would be ",,1"Cd with REM using the newly
deve lopedintcrfaec , It is hoped thKI the resulting pracncal
and freel y ava ilable inlroduetio n 10 Bl:M "'i ll be the ba sis for
both srudcra projccts within universities around Auslralia, as
weilasfora~riesof l~turesinllCousticSCOlirsesat some

universities . The propos<:d greater n aitah ility of the code

The REM wlulion wjth 110 CHIEF pli ot ~ho\O"S poor
1pC'Cmc<1t " 'M the ana.lyti<;al w1ution at hF:r .md .w--2x,
where t is the .. avenwnbc'f md u ~ the radius of the sccrce
Tbis is due 10 poor cond itioning of lhc mallU . Tbc pIao:anent
of .CIIIEF po;ntat rla -O.S. .....hcre r is the ndi.lloca.tion
from \he C<.-ntre ofthe~'fC, .m<.'liora.lcs the problcm .. A:n->r;
bow ev ee, poor agn:emcnt at ld-2~ still ocnrrs due 10 the
CHIFF point being 00 II>c:interior noda l surface com:sponding
to the cha ract..-ristic eigenfreqa.ellC)' tu -2"mcanil1! W I this
tcSOruloceC'ltulOlbecaocellcd. Pl.llcinglhcCHIEFpointaltbc
sphcrecenlrcensurcsthal ilOOcs not lie on a noda l surface.
'TlM: res ulling solution is therefore in good . greemenl with the
anal)1ical loOl ution. Who.-n using OEM10.naly!oC rnureCOftlplex
gcomctncs. the u_ gcncnlly hal; 110 rn or knuwledge <Ifthe
optim.o.l CHI EF point loca tion. and the refore muhirk (' HIF.F
points random ly d istributed " 'ilhin the volulTll;.' are used . The
oondjt ion numberoflhe rnatrill.",'illal>ogi~c an indiC.lIOnof

....hetherIhere are an~' interior reso nance problem s
A ~-phcric;tl \'OhllTll;.' Wilh an eXlnna l veloc ity over •

proportion of;ts surface i, J!I"."".'1'lod I-~ a simplirll.'dmodt l of a
IoudspcakCTina rigid .. allod hox CHgure .5.y) C,,," p'u; ,,, n of
results aldiff~ntfn"l.uencics;~u .....dtu sho.. that radiali..nis
ire lfocienl at low freqecrck s. The eumple ShoWllhow a HEM
of a problem with simplified geometry can he us<-'d \0 mOOel
a more complex problem. r rod\ICing results which exhibit a
similar pattern ofbe ha\'iour. Apprcauo n of the external Bl:~l \0

1 1TI<.lIl: n:alistic situalion isp resenh:,j as lhe analysis uf r.«liation
froma speak~,. of more reali sl ic l.(co1fll.' try (FiJo:un:: .5 .h ) .

(6)

(Sl

III

s inka : O

J! (r) ", (~)..i£!2... ,,_ 'A{r _ ,,)
r 1+ lka
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and tutorial will accelerate the uptake of I3EM by the wider
acoustics community, ind uding members of the acoustical
snciely as wd l as praelicing al'uustic enginccl1:i

Fur further informatio n pka se visit

hUp-lIl'.ww m\'rhcn l' .aolt'lai,k' rd" anlanvdhel m3d html
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