. e3e "z6HIn~ 9 A P P 2002 i ae~0~~~~ i nnru~am~u~ 5 | | TLE : ACOUSTI C
DEVI CE COWPRI SI NG A PANEL MEMBER RELYI NG ON BENDI NG WAVE ACTI ON 10 FI ELD OF
THE I NVENTION This invention relates to acoustic devi ces capabl e of
acoustic action invol ving bendi ng waves. BACKGROUND TO THE! BNWBRTP@N

Co- pendi ng International Patent Application PCT/GB96 15 /02145 (published
W97/ 09842) includes various teaching as to nature, structure and
configuration of acoustic panel nenbers having capability to sustain and
propagate input vibrational energy through bendi ng waves iqmmmnmmummmwm
areas) extending transversely of thickness usually (if not ly)
to edges of the nmenber(s). Detail analiyses are made of various Sgfed fic
panel menber configurations, with or wthout directional —anisotropy of

bendi ng stiffness across said area (s) , so as to have res

vibration ~ 9 A P P 2004 conponents distributed over Sa'ammmmmmmﬁmmm"
beneficially f~r acoustic coupling with anbient air. Analyses &35
predeterm ned preferential |locations) within said areas) for transducer

nmeans, particularly operationally active or 5 noving parts) thereof
effectlve Ln rela én to_acoustic vibrational activity in said areas) and

signal &, usuiLE, 'F TG BRYICE COYFRELYbh BAYRY NEMBER REEYING QNOHENGING WAVE UCTION

vibrational activity. Uses are al so envisaged in the above PCT application
for such nenbers as or in "passive"” 10 acoustic devices, i.e. wthout
transducer neans, such as for reverberation or for acoustic filtering or
for acoustically "voicing" a space or room Qher "active" acoustic
devices, i.e. with bending wave transducer neans, include a renmarkably w de
range of | oudspeakers as sources 15 of sound when supplied wth input
signals to be converted to said sound, and also in such as m crophones when
exposed to sound to be converted into other signals.

10 FIELD OF THE INVENTION
This invention relates to acoustic devices capable of
acoustic action involving bending waves.
BACKGROUND TO THE INVENTION
Co-pending International Patent Application PCT/GBS6
15 /02145 (published W097/09842) includes various teaching as
to nature, structure and configuration of acoustic panel
members having capability to sustain and propagate input
vibrational energy through bending waves in operative
area(s) extending transversely of thickness usually (if not
20 necessarily) to edges of the member(s). Detail analyses are
made of various specific panel member configurations, with
or without directional anisotropy of bending stiffness

across said area(s), so as to have resonant mode vibration



Co- pendi ng International Patent Application PCT/GB98/ 00621 concerns
applying to panel nenbers) distributions) 20 of stiffness(es) and/or
masses) not centred coincidentally with centres) of mass and/or geonetrical
centre(s). This is particularly (but not exclusively) useful7§oAPR 2002
beneficially combi ning bath pistonic acoustic action (as 1 9 APR 2002 for
hither;.o conventional , typically cone-type, |oudspeakers] w th bendi ng
wave acoustic action generally as in the above published PCT application.
Specifically, locations) of transducer 2reans for both pistonic and 5

bendi ng wavepaethens it dinGldide alecged88) a0baNRSS Bl of - geoPt 1d gal
centres) tas very nuch suits pistonic action), but still satisfy general

desi der at bendj cidion. 1.5 4 NV io | S f
AcbokrhendiogpYaye action onlllichd NUANLT oM s, A1 S R

intuitive feeling that 10 vari ous approaches o

to design_an LfLcation of acaoustjcally useful hendin ve actian
nmenber s rggﬁggﬁggggéegt éﬁﬂﬁ§b laﬂ;é%ﬁ%%%¥?nz§§h3’oqu§ gﬂ%@ §ﬁ§ﬁ”§ be
capabl e of yielding as good or yet better and/or as practical or nore
practi cal fﬂésitgrr‘?/n Cseﬁgcrl‘eﬁ‘b%'tiBﬁrE?*F’t‘iﬁFiY RIS e b AT oVRePusef ul
configurations and transducer |ocations not before specified or otherw se
appr eéi at B@Ving Rartheth shesBpéctebieathive | dvenredationi meseicgatsdicand
arrive at such results. 20 SUMVARY OF THE | NVENTI ON According to first
gener al nethovdtapdadedae ddpecis ehithi sreavent ieon] phmedl spnioeually
paraneters affecting bending wave action, such as particularly

confi gurakllertricadl9 ~icBirredpdddangeon®t r \adduselat i edntenbendirng such
stifiness(es) and/ or bendi ng wave trar~sducer |ocation(s), is/are in

accor dancg;iwrhbR idash deratia iaRp! itk d 02 ARakysable,wnal. efr SEhES HRjeLvant
to power transfer for the acoOustic device 5 concerned, suc esi derata
useful ly our| - able _di sfrj but | and/ or _densi ty_ang/or. _evenness
of excita%??n 8?328%§§§?§h|F?rreﬁﬁvghtg?%@%%é%t %%degrofxgursgggs&ﬂﬁ?ation
i nvol ved i_.n bendi ng,wave acti.on. |t has been p%%{icularly establ i shed t hat
desi riibl y 2EQUEFFECtITE T280ndn - motLF RS | EEdRdHGe5 UL MEADSor refSRedShi th a
measure of snoothness of power transfer for the acoustic device concerned,
and use af@Ires{AYSrRATIIN copFel &0ton #eoesths off idd@mitic parel fwenbers
i nvol vi ng bendi ng wave action constitute various other aspects of 15 this
i nvent i onacomdgérlcpilay | Aventing"r at i s @ oroxonoept. | Mdlered "l inde's
appreciation that, for active acoustic devices as sources of ysound,

sat i sf act elcpuatdustdesripayd ,or iMpdIC ew of h pdeeld ifebed Se CeRraasatderS nRires,
dependent on snoot hness of 20 power output than on hitherto conventionally

esteened fikahnees Lfr QY PUbRY L dDaLauge JeAUSHEYpEARELs| s sources
concerned/ desired. Deviationfromflatnéss of output is actually readily

comepisat e ot Lahle BLERIIEN' V0N floue 18 Arrs 2082000

g,
I ons “concerned are reéasona (?y

special cally so lTong as't
snoot h. Ener Jlosses withi anel . nenbers and .transducer gggns of acpustic
devi ces cdic St & D PR IR PLERRPPORAS ¥EES0FHIP S oot h

in themsel ves. Accordingly, f or the purposes hereof, effectiveness of

devi ce dedigFoamd &pedief icoaveshedadnte REdeF i BT hness of i nput power

transfer, including particularly as to geonetry/confiquration such as

aspect ratios &edpendiad Olpeexhagioeak Peaesduckpplidcations)PEUEIB2Y in

ternms of proportionate co-ordinates. Watever particular characteristics)

is/are i nualezad ¢onessessapglgingt beessandl pasrbelr(ansfdist dbweaidre) y and
preferentially input power transfer, it is practical to be

20 of stiffness(es) and/or mass(es) not centred coincidentally
with centre(s) of mass and/or geometrical centre(s). This

is particularly (but not exclusively) useful to

beneficially combining both pistonic acoustic action (as



15 concerned with deviation fromsone useful condition, state or val ue,
whet her of arbitrary or of relational nature. Thus, analysis relative to
same or unity weighting of whatever resonant frequency nodes are concerned
has produced useful results, as has analysis relative to nmean 20 val ue(s).
However, selective adjustnment of weighting etc is also seenlds ARRRQ0? r ef

i nement, for exanple at |east for end-nost nodal frequencies involved,
particularly | owest; and feasibly nore g;nerally or ot herwi se. ~Sr~~~
zooz The fggguencxli@geesh concer ned/i nvolved ~r. anal ytical assessnent
hereof can be as arise T1om nefHEPrERacal |y tiabloeldiynpl i f&6md i Oppe such
as using aTaI 8%' es. of onedi nensional nature, say to orthogonal beans

not i onal | yPHAEPEaSErEet | s pheafial twayai Bsonfst i@PPAstE8nSi 4685 0{1 1+
substantially rectangul ar panel nenbers. This sinplification approach
reflects stEcelds &ERi evieave n pspddishiea taaphla@ggloﬂ‘cé/{pggﬁpg%?ecfl%céa% i.ng
first consiadgrgt'l 02 Bel at: ve ';o a nunber of resonant nodes i n feac l’beam
directi on apdadipedsly o€l atednsatgeracti no . Lnenents of anal yses
relative to two-di nensional relationshi %géhgﬁou?g§rror%§tc o&HIF P e(ﬁn‘}/

realities loén@angl wBV®ErScESosdIChhad nQL'nllg:q.iuQi% r%vteal i ng and taki ng

appropriate account of nore inter-actively related x SN 5 Hfodaass

frequenci esng Poef el csai-d jch cteristics) relevant to power transfer for
t he panel nenber ?{lcl uﬁzqcc%lt e?%rgcﬁ%gs)sneéﬁﬁni"cﬁaq'yi Ayédanteitsapiasondc

st andard lation with jcation_of a smoothing factor, say 10% 20 In
some part% g‘%h?hv\g}#i \/seaéjlgjsjpeﬁ?Elﬁék’e(ﬂ%ne@rﬁilt efegifleratec hfor cdlenidipgdance

are used in _assessing i nput power transfer, specifically in finding
practical “FEOMetT M and/ or stiffness parameters/distributions of panel
menber s 1 APR 2002 for acoustic action relying on distribution of

resonant nodes BiidHehdvagtwauehast larisen tf€&A betefi thigh Pééfiﬁgakh\égl an
first to investigate relative to known favourabl e transducer Tocations and

to pr¥sentvaminuls sappncacheal by, theus@iddd Yp@ra g |1y, relative--to
vari ant aspect ratios of general geonetri cal shg «lgﬁgglr%&roﬁzésd 3% 66kPRg for

m ni ma of adeVi adpedi £idn©ider rti . ] ntive ects hereof, criteria
f ox nmechani cal inpedance is/ ar(gguséeggi'lgh{:%%?gr acts 10P#REHRGucERVe

| ocati ons Jf@riparti r.desir onetries/ configurations and/or
stiffness distri butnlﬁéglrkl%rgf pgﬁg?eﬁ'gnbe?gm?or Q&% i cusefrdn i-nootepng

bendi ng - specifically and advantageously without limtation to
panel ne \g?\sﬁ%r?é)v]i Ty e RRr E%Pélae&?etquw i géir ariehdsngh aas ddodavai | abl e
fromsaid s%m;?i nventive aspects. It can be of high practical value to
i nvest i ga?& varthbPE Gmel/cal ad$vpractical or more practical design/

15 specification criteria, perhaps including other useful
configurations and transducer locations not before
specified or otherwise appreciated. It has been an object

of this invention to investigate, and arrive at such

results.
20 SUMMARY OF THE INVENTION
According to first general method and device aspects
of this invention, panel member parameters affecting

bending wave action, such as particularly configuration/



to fixed other of co-operative areal |ocators such as co ordi nates of
transducer | ocation and present results functionally, usefully graphically,
in looking for mninmm20 deviation of preferably snoothed mechani cal

i npedance. It can also be of high practical value to present results of
this investigation of panel nenbers as areal distributiaon of pechanical

i npedance or devi ation thereof, conveniently 19 ~1;'1$32

contoured ~7anner to indicate extrernes and gradations between, and for
which it is a matter of choice whether %o apply sel ected val ues and/or to
nor mal i segeelhatirye ther etc,atmrort 0 do nbemoriect hart: hiaee s el at) ve astigprwi se
gradations 5 indicate at | east best and worst |ocations, sdy within 10% or
| ess st epsentiinfuidaier aspeesscof eenticon her eok/ageonshr izesopBamicsl Ng
for acoustic action involving bending waves are investigated using a
measure of,;pRCchank c@drippedapse. d@r +O pPLAgL $EALI LN apadugek h96cRl IqQRs. and
such prom sing geonetries are further investigated in relation to use of
such pro%éh@@aﬁﬁanigucf‘ﬁov'v cat t?QﬁFf ych sovestigations, beling %%?ﬁb'ee of
application cunulativel y7successively/ recursively for any desire 8egree
of further refining of 15 bpth of prom si eonetrical, paraneters and
prom Si ngCPF‘ﬁ'ﬁE’aﬁ‘ger ﬁ"b?l:két |d?ﬁ?l;53§rr§‘rjfﬁ e%.e%%dgysggétvgﬁﬁléﬁa yatcé’@P’é(ﬁBgFar
panel nenbers and met hodo] ogy, sinplification based anal yses invol ving
super posi A BREEPUBEPRoGHFHIOThed@PEYEE AIKMIQNEVERRESHI tPE 268%catatdmse to
10% snoot hness criteria for mechani cal inpedance, have confirnmed and
refined cafculatdustfaxllgne kedevaptef ereednaspectmodes o, shecishirdaklkey

1: 1. 134 as taught in above published PCT application) to be at about ~ g
APR 2002 ¥ibr38idn andoleéd. nadbpnapngt vanvat aceqoar.di nates for transducer

| ocation (4/9, 3/7) thereof to about (0.440,0.414). In addition, however,
and starting fgemisubsharti abhyc{881821% (&ANIGUCOEd 0GaTd ON geRyhBhRAt es,
5 anal yses hereof haven- reveal ed another prom sing aspect rati o,

speci.fi cal - ahou o] t : i .parti I
invegpigafkﬁﬁg%%g§.4 e%?%ég% rggggamﬁ %ﬂ%%aﬁé§£€£%i§§%5 ﬁon§%§%%%€§ﬁfially
at proportiopnate co-ordinate positions) (4/9, 4/9) led b cung%gtiv 10
ref i nement1f d%pgﬁﬁsFéFioongFQﬂﬁPQ§ s cePOHS-orH¥$%¥£er ?oﬁgmb.455,
0.452; indeed, to appreciation that_there may be considerable

i nter-rel &PBASAFp cg%w@%n HEsETEdy] eedl. ¥Peaspeet FRIRbsSarRf vaMcant
transducer |ocations. It is a particular inventive aspect hereof that a 15
subst ant i gbkryetattiangulrar tpamsl o nesousdsicor panean gt $ ¢ idewiles nand
relying on 'bendi ng wave action) and substantially isotropic as to its
bendi ng sbiehtilfgs wavet dddisin t WBndkhietiticonsahasuan asipeet dapeccof ogbout
1.41:1 to about 1.47:1; and another particular aspect of invention 20 that
propaisti opatie ¢gvaRdi8ate transducer |ocations) involve substantially 0.453
and/ or substantially 0.447. Moreover, two other reasonably prom sing aspect

ratios have al ggqeupray fiATLhULLAeT AdeYBLARTENGOf SRld | avolved

includes appreciation that, for active acoustic devices as
sources of usound, satisfactory acoustic performance of
panel members concerned is more dependent on smoothness of
20 power output than on hitherto conventionally esteemed
flatness of output over whatever frequency range 1is
concerned/desired. Deviation from flatness of output is

actually readily compensated by suitable electronic signal



r~,G- i~ 2~~2 10 beamr_ype anal yses, aane~y CGbout 1.6 and about 1.2,
together with viable transducer |ocations at (0.41, 0.44) and (0.403,
0.400), respectively; again with expectation of useful inter-relationships
bet ween particul ar aspect ratios 5 and particular transducer |ocations. -
It has further been established for the purposes of this}BnkpRt2082 that,
perhaps particularly for panel nenbers of favourable

geonetri es/configurations, including chh variations as known to arise from
ani sotropy of bending 10 stiffness (es) , the above attainable high

speci fi ci 19104 1P8 1 CanstRRerf 1otht Y oA divountas ttd1¢ ePihRd tdEEE At hARFoON
within nore extended areas that are generally favourable in terns of

t ransducerrdeegaeidops e |lmraleedialiherendsetBtrong correl ati on between size of
such areas, particularly nedial 15 but off-centre for panel nenbers with

i sotropy of benéray stlidddwss,wiaiith havpanabi | méybetsgeanst r yiaasigasati on,
t hus between what m ght be terned truly significant high specificity and
unfavour alidrist Y f QRAIEEE ¥4 CORELgHERL | Qb ArdRAStedQh the | BLtepoeht can
be particularly valuable to 20 utilise acconpanyi ng anal yses by scrutiny of
POVt ougila ot ) | Senty 2Rd ObeRldibig) oo Ana Y3, S rhEgk fhg | 20!
to assess Tow fréquency nodality, say as 1 ndicative of "start po rt{Tons tar
anal ysi s of transducer | ocation as 11 aboyve (or bel and/ or of overly

i nt rusi v&FEESHEF Yirod &L} ortrtf’sefmfr%%‘??ﬁctbﬁﬁéﬁg' I 08§@F§§&Veness ot

cl anpi ng/ danpi ng_ or_ for conpensation. by signal conditioning.

| nt er est iIGRYHEE A0S ¥HY odRdbSPesidsicafiien | gaRebeakpfied on smoothness
geonetry/configuration 5 viabl e edge adj acent transducer |ocations are

i ndi cat ecdfon ipgsits gowssc haniagw fempedanciudhngacpercscudsirdgsi der ata. The
above-indicated alternative techniques utilising inherently two-dinensional
anal ysi s getnt ryf degrfirpofatishanhecth | apedaient ganat sbs y Henf aesm ebfi cacy
of above 10 aspect ratios and transducer |ocations, including prom sing

rel ajg velperdises e&zﬁyé”%?&ﬁ@&ﬁ'@gra@@éat%ﬁkQEV RUcWOlad 0f nhiddietd oo _
favoured aspect ratios, thus efficacy -of such methodology and results with

nanifest{Hﬁk%%tq%q%égyg%g%régﬁéggégven i ncl udi ng conver se approaches

i denti fyi*ng particularly poor aréas to be avoided for transducer

| ocation and/ Qr aspect ratios of |o rospects (albeit, then capabl e qf

i cati g podtBET e PREERSUIRED) ShasAChESt St EAPRant /ST AgL VR Vel

conbi nation, transducer |ocations in unfavourable geonetries). 20 It is of
parti cul & RFEATCEIT | prepeBResfatthiRINS Y oL RIRIFET eaSONNEHFERLAY 8RAwor st
cases of nobst symmetrical geonmetries, such as isotropic as to bendi ng

. stif f nespumefichiemtsigaidne pnputr powar bovadsfers, iand subséanical [yo be 9 ~ F
R 2002 12 central |ocations of transducers, continue to ire ~rdicated as
poor 1zonudiaidors) Wwitht datyiktdbrnof folr sast yweliilsi ogntitansdyucecate

| ocations can now be identified even to the point of viability at |east for

per haps rgh abiai’éle%/ et RS df eGLenr4AR0ST ahd Ul Pkt 1 58SPORSeSITe .
I nventive net hodol ogy hereof and results ‘obtainable can take account of

boundary iti i fr r or y 1.1 ght]y . da r
strongl y ‘darped a%%é”rcsginst &%lnaet?f‘rqéncleﬁodi nsga?'{(;:I arrAleed @oﬁtﬂh{%%%l{rtgrﬁge%ifs, i f
10 anthrﬁ$ now hi ghest (and practically highly beneficiallﬁ?sg i%
rel ati on WHEHMSHl gﬁ?? i n&%ﬂ’éﬁf‘&?’i orfPTRE pr 8FEnt af PBREEFCAco (i ¢
devi ces hereof, particularly in or as panel-form | oudspeakers). BRI EF
DESCRI PT|W@E€F£|EJ@RAWN®%1®@@%HW% paepfyeisnprehehivei 6 gean
met hodol ogy enbodying this invention, including results thereof, is now
desck? bedvahek tBt aiHedevierh seflectriome tadihetmenvnpinyedghtiiagr emeatiisc
drawings, in which: Figures 1 is an outline diagramindicating basis of 20
speci fi c algw eseshatdaspnuberadfl ;r&f DheRerti ndicat esampllieonat e3past for
anal yti cal processing hereof;

end-most modal frequencies involved, particularly lowest;

and feasibly more generally or otherwise.



Figures 3A and 3H are graphical representations of 1 ~ APR 2002 13
mechanscal i npedance with frequen~~v in substantially rectangular isotropic
panels starting with sel ected aspect ratios; Figures 4A, B and C are
graphical illustrations of a 5 nmeasure of snoothed nechani cal inpedance
(devi ation/ variation) for particular transducer |ocationk3tAPRngf0Rat e
useful aspect ratios of rectangul ar panels; Figures 5A - D are graphical
illustrations for one previously known particul ar panel aspect ratio and
known 10 val ues of one transducer |ocat®on co-ordinate to investigate val ue
of the other ccrior difmatiepnEyguiceieSAconbeanedgtaphiicab iit usthsdtyitanrs i or
anot her previously unknown particul ar panel aspect ratio and known val ues
of one transshioRfiehtOCAELON: COalr diake beikd imvesthgal 8qVahhes iefaitine
ot her co-ordinates; Figures 7A and 7B are generally sini?ar to Figure 3 but
starting widh ot hesssalieqied ;a3peckyubat i 95, i g €5, BA 5o Raxe gengral Iy
simlar to Figure 4 show ng confirmation of aspect ratios previously
i ndi cated 2Q as_ useful i.gures _8A B) | so,indicating further .
pr o o ng Geat Bt oeh by r 2s%0red PReBkRan MR POt ShalEy i
mechani cal . | npedance dennniirgtin t ransducer gocation_co-ordjnate 9 A
p |, 2002 HStET IR i oRFBI LHanel ' wi PATESpec r aPPBSSLRGi cal ¥ En fifevi ous
Figures; Figqures 10A B are quarter-panel areal contour plots for _
snoot hnesSWIstalthbdl bal | npegapeeguiler t he Bapekt 5 rmnkersodf Fi glitds 6A -
D, Figures 11A, B and 12A, B and 13A, B are also generally simlar to
Fi gures 3Aimpbifidaridwundepycechdi trafnisects whschcats panchiedgés ae
cl anped; Figures 14A - C are generally simlar to Figure 4 but 10 rel ated
to Figuresgdeiflize 13tanéhingati &f of woonicweup aspechcrabing, Fifuws 15 is
simlar to Figures 10A - Drelative to the aspect ratio of Figure 13A;
Figure 16 Shovsadraplbsalc19uR3eLl s00 of hifblieqencyslaaneshghses on
various aspect ratio panels, including those of Figures T , 12 and 13;
Fi gur 17A -, T quat - panel nt s of chani,cal__i npedance
obt ai fbd bé}‘f%  Bhen: d?%ﬁé’fgﬁﬁl 3| y§?éfﬁé?f4od%r%§§?@zol I%gelfr LAt o
| ar ger scal e_quarter-panel contour plot of chani cal i npedgnce for |.ongest
nown 1 avdTHath o BEGABENERES oOF PRALMRRS FOEAD 18 & Bor Bensmid
t hr ee- di nensi onal pl ot.

relationships should wmore closely reflect realities of

panel members as such, including revealing and taking
appropriate account of more inter-actively related resonant
15 modal frequencies.

Preferred said characteristic(s) zrelevant to power
transfer for the panel member include criteria for
mechanical impedance, say as to standard deviation with
application of a smoothing factor, say 10%.

20 In some particular inventive aspects hereof, criteria
for mechanical impedance are used in assessing input power
transfer, specifically in finding practical geometries

and/or stiffness parameters/distributions of panel members



~ ~ ~F ~ zooz 15 PARTI CULAR EMBODI MENTS) OF THE INVENTION In Figure |, an
active acoustic device, specifically a distributed node acoustic panel
menber conplete with exciting transducers) is represented by block 10, 5
basically as a "black box" with electrical input 11 shown from such an
audio anmplifier, acoustic output 13 shown in phantom for in- ri&ﬁiple
conpl eteness in equivalent electrical terns as driving 1 &siddhi ¢ i npedance
Zair, and indication of intrinsic |osses also in electrical ternms as 10
resistive_|l eakage path 14 to ground.. By its natur S. a structure

SuTfici entPy STTTF-ELoCsubpol T bentiig hadB SCLT o did Gt f ot esrmrnt
acoustic couplin% to air, a resonant node_acoustic panel conponent of

"bl ack bo®°de6 WH | PERIBIE oWAVEs RCADD, HendrRgbRare 15t ePapsacEdcstlal ong
wi th usual couplings to such panel generally have | ow | osses; and overal

| oss represéntedt byspatte 14 tvwardsidad cherkdarive |teasknovmpafedonralplienput
and out put power at 11, 13 - which would be good for proposed anal ysis
whet her orraatdsneat hlobdatidnss aaldsocd epttetenbe Rbuleasofably ismatily ,t hus
further beneficial. Figure 2 is believed to be hel pful for understanding

basi ssof aBalulilgalgRgRessdEny, f es14bi66—ver kadigxamilgmn | Labeogi wen
relative to Iate? E%gures. Bl'ock 21 1 9 APR 2}~L 165ﬁﬁaicatgs g W st

useful ex [ t t a ove- i O l.i shed
PCT appl | CEPEon) Sy PLERT ARk Monqdird, MMBLNTRG RSP BlRawE
frequencie%. Indegd, such inspection based on angl ed single dinensions

rel evant § tgeydﬁ Attt al frequencies, specifically as for notional

ort hogonal beans parallel to sides of a rectangular panel nenber, is

i ndi cated at 2IR; OHEH PaBiiculrSeinyeheleht2sPRFta herert t pEitexia
positionally one-di nensi onal though capable of |imted two-di nmensional

appl i cat i §erasmechapnitedquénpgdanbee tafpret aigemh- dionefdndhapracedioadnt i s

i ndicated at 21B, essentially using inherently twodi mensional equations of
vi br abi ontrangdaces. Theatexind ndoat pdritiagea?? deplesdnt geofeestiiegat i on
of nodal distribution and nechani cal inpedance, on the one 15 hand rel ative
t0 assume¢odyaurat ivHd et SFenit Of 886y MBier £ A2Miohse- oW  RAel
application of "any differential weighting; and on the other hand taking
account o val ( referahly wj ther ive just ment
for end-n%f%ﬁﬁggal requé%g%gggfnvoq%;?ﬁ/\#{h$ﬁéﬁﬂgtééééggﬁgf'ﬁ%&%#iactive
assessnent__of .estimated chani cal i npedance .is indicated. at 23,

Spect 11 CARECATLeq Iaypdtt 1 AaT B PRPATTLE Vo TR AT baho SapPrRs L
transducer positions (23A) and as to specific jransducer positions 19 APB
2002 |7 r ECHberS t Baydpect LpNPrEabL 9 3EyeonRRl B APt ¥Rt ion sprushy &S
frequenci es of natural resonant nodes for an acoustic panel nenber is
readilby | mwvestliagpdeedfbymusaist semer anvehtiveemsinaftanal J&i savibe (A
= last(A) - 3~ ~ 1An+ ~ """~ ~ - 2"An)2 n=1 where An are resonant node
frequenci és ghei peawal teld) valrscendingestdeate 10raAnpbler i ahe rrefliatanent
regardi ng i nvestigating spread of resonant node frequencies can include

consi deri i@ Uspidd SHReQ Ui BYScPELEE HdJakBasoNRalRB-ACtNitBt he, ddy of a
nature involving symetry. For exanple, for substantially rectangul ar

acoustic paRAh RIS ARdBdiRdY "R t Gna present results

functionally, usefully graphically, in looking for minimum
20 deviation of preferably smoothed mechanical impedance. It
can also be of high practical value to present results of
this investigation of panel members as areal distribution

of mechanical impedance or deviation thereof, conveniently



15 orthogonal beam sinplification, the SEE nmeasure could be in relation to
odd- odd, even-even, odd-even and even-odd subgroups of resonant nbdes

i ndividually for such sub-groups and collectively by meighted summi ng, Vi z:
20 Frmoo(a) .= for poi 1 (3.. P- 1 for goE z ,3.. Q - B?
t~'~(a~Po~40) 2 2 sort( A) Fnee(a) '= for peE O,2.,f 1 3 &% £49 gee
0,2..Q 1 As-.fma.pe,qel 2 2 Sort( I~) 30 FmX1 (a) := for poet ,3.. P -
1 for geE 0,2.. Q ~ A~ ~ ~ + ~E--tm(agpo,qge) 2 z sort ( A) 19APR

Egg?~n+ng%§£c§E?PL?Egp ggg@%ﬁ(ﬁhnoﬁkngQQ% éﬁgfggﬁm%; fﬁdTEgrLHgélggSqo)

+0- SEE( Fni

10

15

20

%é'ﬁggnﬁ-g;§E§éf %lé )%t ?EN(alﬂéttgfdéf chou:bQ wgether to
apply selected values and/or to normalise relative thereto,
or to do no more than have relative step-wise gradations
indicate at least best and worst locations, say within 10%
or less steps.

In further aspects of invention hereof, geometries
promising for acoustic action involving bending waves are
investigated using a measure of mechanical impedance for
promising transducer locations, and such promising
geometries are fugkher investigated in relation to use of
such promising transducer locations, such investigations
being capable of application cumulatively/successively/
recursively for any desired degree of further refining of
both of promising geometrical parameters and promising
transducer location parameters.

For substantially rectangular panel members and
methodology, simplification based analyses involving
superposition of orthogonal beam-type functions, and with
reference to 10% smoothness criteria for mechanical
impedance, have confirmed and refined calculation for one

known preferred aspect ratio, specifically 1:1.134 as

taught in above published PCT application, to be at about



The val ues of frequencies of natural resonant nodes and 10 their

di stribution or spread depend on material s/structure and

geonetry/ configuration of panel nenbers concerned; and indicate suitability
for acoustic device application, for which evenness of sp q&gg gmﬁbution
is established as being particularly beneficial. There |s f*course, no
account 15 taken of transducer |ocation at this stage. For known resonant
node frequencies and correspondi ng shapg of bendi ng wave vibration can al so
be nodel | ed, the mechanical adm ttance Can be investigated for any
parti cul arl tAdnsducerocalFoANED, GPTORPTEIoDaNe. mpco=ordpipses) 2£Qr q~~~)
2CC22Pg~gm~ - 0025 YmM)~ ~~YP,qPAIl ¢~ 92 ~2~"~ 2r~~v,
~ wher e Ypragpsdsidehe squaca:iofnthe(anplitudé7of théeredd shape atalbdiet
transducer | ocation concerned, and ~ represents an anmount of danpi ng.
Plotting ad.agd,@g 4raaph can fapiildiat.e IHbddved Ng stotdestt 1@pponssn or
the root mean square deviation can be investigated over a specified range,

say for rnéﬂﬂgiéﬁtlalhyg %%B 2008 - M ramdduger( PPt dPton @' ¢o -drdir é or of

a(a.~.~1) '= W, (1'Ym(X~"a~~~1)~))2 i 10 representing app i cation

of a vgel gtgtr{ariglse@ctﬁe% f\/\hehr ereﬁherer Cﬂ%aglt aqpodtehgre ulenCJ es are kno but

not the correspondi ratlon shapes same no del 1 ed Snd* T2 ?% into
account by ch0|ce) |nv Sti atlon of intrinsic nechanl al i npedance can be
i nvest i gatré'\flt?ﬁ nFR¥E Foritthe a5 #PEbo) & 4Lcoto °2‘tP 4-4L.pIn - -
~~~~~ P.G ~ SX'~~xI tW_ ylYmdx~' a~~~~2~ 20 which can be done wi t hout

reference RIG A Sar Padiiigiularandavestigatdononoby set?i niasgcly txrtidty.
Results will not be as accurate as for mechanical admttance taking account
of transdocidh | dcanisdwceandluichkibess| suestahtnadbyveas prnmstt gatatom of
mechani cal admittance. Figure 3 is a graphical representation of variation

of of necheicralirndgreedapeeividh () equaney chpos) ngleact aygul Ampenel vaspect
rati os expected to be above (1.527), below (0.838) and between (1.141)

opti nym f fe UsRIMEN@ACOYSEEPect ratio 1.41 and transducer co-ordinate

locations 0.455, 0.452; indeed, to appreciation that there
may be considerable inter-relationship between these 1.41
to 1.47 aspect ratios and variant transducer locations.
It is a particular inventive aspect hereof that a
15 substantially rectangular panel member (as or in an
acoustic device and relying on 'bending wave action) and
substantially isotropic as to its bending stiffness in at
least two directions has an aspect ratio of about 1.41:1 to
about 1.47:1; and another particular aspect of invention
20 that proportionate co-ordinate transducer location(s)
involve substantially 0.453 and/or substantially 0.447.
Moreover, two other reasonably promising aspect ratios

have also emerged from further development of simplified



30 action substantially isonmetric panels. Figure 3B shows real and
i magi nary conponents of the nechani cal inpedance 19~ PRZ2002 20 for
the internedi ate aspect ratio !i.141). Generally snooth nature at higher
frequencies is apparent, ar_d Inportance or resonance nodes at | ower
frequencies is inplicit, as already well established froq@tagaa@ﬁﬁe
publ i shed PCT 5 application, particularly distribution as evenly as
practical. Figure 4A plots a neasure (Sp) of standard devi ation of
mechani cale ipedagse agalnsle ASPaElnd ALl 0. ban.a sulst apki ally,fsobropic
pr

rectangul ar panetf nenber With ‘a erred transducer 'l ocation fromthe
above publ i shed PCT lication, specifical at .proportiopa | engt h and
wi dt h co-%?%?%%?%s“@%?ﬁ4 }aé. 2§¥f85%d“§ﬁ%jgéf E6ogssﬁﬁotﬁ$néffa§tg? of
10% Expected optinum aspect ratio of 1.134:1 is substantially confirned by
one mini of Ot Hid3 pl 8t 208 HORIRGCE DIMbY : nRARNE HppBafXPE&reLtagraPrfy one
of prom sing depth and greater wdth, i.e, |less sharply defined,

speci fi car$gt bt LBARAgretl adiemshi g7 et ween heprEAgesk gacpens ohttihese
aspect ratios for standard devi ati on of nechani cal inpedance agai nst 20

propos t i camad epeot Dedl aat e raalsdesefrol cidaanisdiscer -I-ocati ons have led to
useful~Tefinenent of the latter. Thus, for the aspect ratio of 1.134:1 of

the above publ ishedPCRuappeircatdan, eplkatbs i¢hdd g86es DA -plkpdsdHr Beset
each of length and wi dth proportionate transducer |ocation co 25 ordi nates

to the establishednvabues fc ,B/Je)?g%]sﬁéé?fegcﬁké}Qng %8? ?ﬁﬁeB Q0P 10%

snoot hed standard devi ati on of ne I npedanc e ot her

proportionate.co-ordinate, i.E ._of wdth_and |ength, respectively. These
rvbet | oatfongaraBhPPIE, et otrite t v rEohatiohd e ERBTERINE' Lrulhr "the
0.429 5 value to 0.414; and results of listening tests have shown _

not i ceabl VAFHpF b98d p%?f%"r?é‘ﬂ'be?obo‘?ﬁl§%bj ‘T‘vgwsé’ﬁaoakfj et i PEPFIRBt hi n
constraints _and limtations of such neasurenent exercises. The plots of

Fi gui@es 6atiffnesréepse ithrestbges eathaingblirexpesh edPechbbteitnt pe to
possibility at its mninmmvalue of about 1.47:1. The resulting values for
| engt h andrand@ihcpropdrdcaniates coanpdnnat escof tedhsddceddteratinant iane
0.453 and 0.447. Further listening tests have shown excellent prom se for

acoustic pethohnmbee, eXteddial | £68885 €HAYahuee gbhedfaltipe fRividiuRaml eonger ned
in Figure 4A is believed to be
terms of transducer locations. Indeed, there 1is strong
correlation between size of such areas, particularly medial
15 but off-centre for panel members with isotropy of bending
stiffness, and favourability of geometry/configuration,
thus between what might be termed truly significant high
specificity and unfavourability of geometry/configuration.
At least for the latter, it can be particularly valuable to
20 utilise accompanying analyses by scrutiny of power output
with frequency and/or finite element analysis (FEA) at

least to assess low frequency modality, say as indicative

of start positions for analysis of transducer location as



particul arly advant ageous by reason including actual practical transducers
i nevi tably having extent beyond their centring at particular prescribed
positions. The investigation represented by Figure 4A was then 20 repeated
for the transducer |ocation co-ordinate values arising fgonggg es 5A - D
and Figures 6A - D, and results shown in Figures 4B an&‘ACﬁ’r @éctively.
Figure 4B shows that the m ninmum fox the standard devi ati on of nechani ca

1 9 APR 2002 22 inpedances bottom ng aglthe aspect ratio 1.13:1 is deepened
and shar pened, u~qere%s that at 1.e7:1 is |ess deep and sharper. This, of
course, CHTEFat8s WELPY i tHNURF ¢f baCsFrdHanded U5 - 6raPRate FarGas
arising fromFigures 5 6A - D conpared with Figures 5A - D. Figure 4C
produces EO¥ eflPRAEHBNC ST atie s pect 1papile sed4 Elampg MH/ARmpingcpuding to a
deeper m ni num of standard devi ati on of nechanical inpedance. The

i nt er est | agyhyeneepion nilppm aigaal aspentiitabnongt aboterBstingliys, 6br
course, close to reciprocal 10 for 1.41:1, thus to be expected; and, for

t he indi caiesutgsB€r sibBicamtdtalaloute & H6511 andgolbt tyi/ BohifguteadMon
perhaps particularly in viewof refining a little dowmwards in Figure 4B,
theresis Hgéféleéa?gof?geaa&pe p&%@éau&@fl %ﬁaei%gt hed aﬂﬂ&i&%éé&/ dnd7: 1

and | ower of 1.134751 1, 15 respectively. Indeed, nuch -as these

. j Lnel udi f Lnenent, he, of I [
ot m o1 mar bt “SbaTCEhan AT e Bt B PR RSt cts be o
val uabl y viemed?in terns of jndicati ranges of 20 variation for viable

acoustic oper af 2®n.203fe 1 AIFatRd i 2 Lh IVE | FEFPPAGEYRS aMEdd 18ANG abl e
| ocation for transducer nmeans, perhaps especially for panel nenbers with

f avour abl EéngereRtty/ beWar Admeasionadceanadipifsur t tieksd orin 19epPR 2062 23
optim sation of locations for two or nore transducer nmeans or. the sane
panel nenbechatibeeVernmpeddresst gqualkaddyi tcanfiioss efifidewnty fgi ngbbest
avai l abl e | ocations for transducer nmeans on panel nenbers of unfavourable

geongyry/ aSpbendiragiski ahide 358msdMicdy t hecseienappl hesubongderbinfigling wor st
. locations for transducer neans, i.e. as to be avoi ded even ere high

acousti ¢ perkeryBagedisciak dearPdekoohBeneasansl Y wtheRndi og! yot t s found

to be use to present analytical results on a relative basis, ectively
i to percenkageot erp., Lhguoh anv. partigular waldes Gauldpe opliey and
normal i sati on nmay be Seén as U ur . 1S the
methodology and results with manifest merit of a general
nature even including converse approaches identifying
15 particularly poor areas to be avoided for transducer
location and/or aspect ratios of low prospects (albeit then
capable of indicating possibly or likely viable, or best
attainable singly or in combination, transducer locations
in unfavourable geometries).
20 It is of particular practical interest that hitherto
known least promising or worst cases of most symmetrical

geometries, such as isotropic as to bending stiffness

within square or circular boundaries, and substantially



case that favourable geonetry panel nenbers shop |arger areas for likely

vi abl e-t 0- good/ best | ocations for transducer neans, and unfavourable
geonetry panel nenbers 15 show small er such areas; and that edge |ocations
are confirnmed as viable) though perhaps nornmally best used in pairs to
ensure simlar excitation of resonant nodes that useful b8apPRazdd -
sinplifications indicate as related to different geonetrical axes. 20

Mor eover, due account should be taken of avail abl e power output, whether as
to | ow being acceptable for even ness ofl2excitation of nore resonant nodes,
or hi gh beiawrpeefepredievien -t coshsohicéewer condesuexcid etk anddotatess  ~
0 Al ~~ 2d02 Za evenly excited. However, higher nunbers and nore evenness

are usual | ys 355861 alath i Walch cpothnessnof ROWRN modk! T Gnd®St pradi| Yy
conpensated towards fl atness by suitable el ectronic input signal

di tioni t; D fJci Yid,S ot LI
oo PARAEL WO SAE, LCLEI el E

f
indicate arriving at the aspéct ftatios
1.38 and 1.41, together .wi.th transducer | ocation_coordinate 0,44, 0.414)
and (0. 458°H53). Pebidctiely. TSERC Fit Gl REBADDE P o Tk el 81 fbve
f ox Fugures 3A, Bto etc, but starting fromaspect ratios 1.149, 1.134 and
1.762.5 | nt eF¥E§HOY yraRgnevard PUEPHEr TPRBPE&EFon arises other favourable
aspect ratios at about 1.6 and 1.2, with transducer |ocation co-ordinates
(0.41, 0.44) anthyenudge Oratde)dolegpedieneds, andeerfbylites gainalihe
mechani cal . 15 inpedance plots of Figures 9A -D are generally usefu
regardi ng ¢dre tadesdumssuntocafi Gowriardi cahéstiass | saagidentfdayn | fisgect i on
for all of above aspect ratios, i.e. 1.138, 1.41, 1.6 (taken as refined to

1.62 or dusingoh®li nanRyMe 10 ladhpadd to2 Woken sasomefivhedidmpea 268n@r 20

during refinenent). Generality of such usefulness is manifest in

sel  evi dengo glenti hgat i am ok Ag ean dAsladi Ag: PLagicae! wooalieu ated ¢

| ocations. At |east where suc reas are | arger

transducer_di nensi ons, od..excitatign _coupl.ing,is,.t.o.be expected. ng
with thol er%r?étgﬁlol?g acf‘ﬁé’? q'flo%'éetslton?Wahgﬁa‘%&qaﬁ&Yvi}&tﬂlﬁx yf_§8'g_? h??agiﬁ}éA, B
are quarter panel contour plots of nechanical i npedance deviation for _the
aspect 5 r3®iosP1. FELERACD 4F0 r &Hetat vePYYSEFRE estBbl ¢RENER BHIMC AN

presentation of acoustic devices hereof, particularly in or
as panel-form loudspeakers).
BRIEF DESCRIPTION OF THE DRAWINGS
15 Exemplary specific implementation of methodology
embodying this invention, including results thereof, is now
described and detailed with reference to the accompanying
diagrammatic drawings, in which:
Figures 1 1is an outline diagram indicating basis of
20 specific implementation hereof;
Figure 2 indicates rationale (s) of analytical
processing hereof;

Figures 3A and 3B are graphical representations of



for such range affording good transducer |ocations, see substantial extents
of areas of |east/snoothest nmechani cal inpedance |ocation (cross hatched),
al beit within which further precise calculation is avail able as
desired/useful. 10 Indeed, this technique lends itself readily to extension
for investigation of best avail able transducer |ocation f“@ﬂ%ﬁﬁ% panel s
other than identified as favourable. Identified such |ocati % wel |
have nore vi abl e mechani cal i npedance tp@n for better aspect ratio 15
panel s, but can be viable at |east for somewhat |esser frequency ranges of
oper at i on."3tRFRIGRE0 PERSBIES 0 VhVBst i fgaR NGt ualty Louhdar 1y
conditions for acoustic panels, ranging fromsubstantially free or only
lightly darmpedhrguspeciifpeabbyc2@adesier | Pedr i ng he above Llpgbleds esb &aT
application to nmuch nore constrai ned, even clanped. I|ndeed, preferenti al
coor di nat ecgosd$ j ons have even been identified for a circul ar panel at

(0.8, 0.6). 1 9 APR 2D02 2G I nvestigation of aspect ratios for fully

cl anped panel s,Fagubeghhy, sw takh ecf eirepraedgicialal oudspsaker i 6681 Rrens with
preference for rigid or sem-rigid edgenounting, has reveal ed precisely

cal cul at edpd aveue ablg 5 aspseheliat iR HamlR1 1. %%eggggé. 643dRa8INeL /Wi th

| i kewi se precisely cal culated preferential transducer |ocation coordi-nates

0.437) 0.414) 85, 0. 387). 0. 0. 439 Lon codl
(0,550 0 a1 9:2%50, 0,00, AUGLL 0, 90000, 409) creapeelin e fL s

with 10 Figur 4C denpnstrate application of anal ytical nethodol ogy as
above for %ﬁ?tsa%ﬁscﬁ'ﬁ?El?% e n???ﬁ%??%%?%fp%%ﬁﬁ%é just listed - see

al so the quarter-panel nechanical inpedance plot for the aspect ratio 1.16
and substanti al FeSeEas SR aredd préem sraphienrlt dddsdreat iaysat fon, even two
15 such separate areas, (cross hatched). Indeed, nuch as for the aspect

rati o 1. 138réwvioheke dmowearpiretcpaael redgd casdettonstidieaadt dahdwnquite
cl ose aspect ratio 1.160 for clanped edge panels appears to have

si gni fd canfaBxéent sprof Gie | castans@bbert r anseicesin 20 dOCHd e angoi s
itself postul ated as having substantial tolerance, at least with likely

increasinghp@éé%ggg@éig%lgé éf:?ﬁQUSEBeE caliPapnaipure 16 gives revealing

conpari son of above preferenti clanpedoedge aspect ratios and
Figures 6A - D are graphical illustrations for another
previously unknown particular panel aspect ratio and known
values of one transducex location co-ordinate to
15 investigate values of the other co-ordinates;
Figures 7A and 7B are generally similar to Figure 3
but starting with other selected asﬁect ratios;
Figures 8A - D are generally similar to Figure 4
showing confirmation of aspect ratios previously indicated
20 as useful (Figures 8A, B) and also indicating further
promising aspect ratios;
Figures 9A - D are areal contour plots of mechanical

impedance demonstrating transducer location co-ordinate



~ g p~ r~ 2002 27 transducer |oca~ions, including further for above aspect
ratio 1.138. Particular exenplification is now given of specific
mat hemati cs and cal cul ati on/ conmput ati on supporting above 5 given results in
terms row by row of - eigenval ues corresponding to investigated resonant
nodes, and snoothing factor - useful angle definitions - specific panel
paraneters and rel ated expressions 10 - di spl acenent fungtigﬁsghzr
different (freel/clanped) boundary conditions - Iength/m] t APRy ions for
proportionate transducer |ocation co-orldinates along with fornula invol ving
mechani caldd upedancel dib fotrhremamechant Baladppedanee 1foer nuhaecackwo rati 0os
of infinite and finite panel inpedances involving aspect ratios and
t ransduceroeadh HNS; dntendedly without prejudice to generality
inplicit in approach hereof. 28 EXAMPLE | 1 ~ ASR A02 c~ao agenv-~lua~ p X
o. ~ 4 Do~ . ~,7al . S 1 2: 9 ~ r

10T e 0808 ade SolRebr Ipdnfal AP Elfichur [cs

tin-. .~~~ s~ ~

[

~inn Zftea ( P~ ~r~i ~P~0, rcos.~ap ~. .~ 00sh~7~ ~ ~ Co + ~sJr~ ~ap
s Snt iESk |, Smoothiness gk pmechghical. " dmpedenty  for thiy aspeet 4
~~n ~ap;, Sink ~x9 ~?~ -£~ ~0 :~0O~~1~0 a p.<14 yp,a~~e C, 0 -
~~ZtrgaC Xe%os LHERigwes 6A - Pi3 | 0. ~ ~

Figures 11A, B and 12A, B and 13A, B are also
generally similar to Figures 3A, B but for boundary
conditions in which all panel edges are clamped;

Figures 14A - C are generally similar to Figure 4 but

10 related to Figures 11, 12, 13 and location of promising
aspect ratios;

Figure 15 is similar to Figures 10A - D relative to
the aspect ratio of Figure 13A;

Figure 16 shows graphical comparison of the frequency

15 responses of various aspect ratio panels, including those
of Figures 11, 12 and 13;

Figures 172 - T are quarter-panel contour plots of
mechanical impedance obtained by full two-dimensional
analysis/methodology;

20 Figure 18 is a larger scale quarter-panel contour plot
of mechanical impedance for longest known favourable aspect
ratio 1.134; and

Figure 19 1s a corresponding three-dimensional plot.



Pq~dm,4~2 - ~~ "'~ ~"~""""rr~9,; o~ ~sHrv~Zm( o~, a) ~ _ .~ . _._ ~.r..
~~.~a. a.. ...,~"."~P4B~ +co~ ~. ~? (, ~~,~~Z aaAraa Ana Znl (
noa ~t - ~W~'!'~d~ Yy.nJ. ~~_~_ .. P4~r . (1..2~~ a aq,
dcflno Arss s 0.11003 n? g .ac 8,82 Nmws p.04 kp,mM~ ~c ae .. ~ ... -
Anes y Ym( x,.ac ~a B zZfl7(xyiGa) Yrn ( x (a) aj . X ~~ -..~.-.-.
... ~Yo, vP4-~2+ "~~v~~~~"" 2]~~? XS a e~pprox ~ ~ a~R zooz
Turning to alternative anal yses and desjgn met hodol ogy spdd fARRalphgy usi ng
i nherently full -dinensional plate vibration equations, there 1I's

t
sel f - evi dé’ﬁFTﬁgﬁﬁW?QDB?’ENEW)ngOECEHEnFNBFN%Pg up to all possibl e nodes

of bending 5 wave related.vibration in panels. This, of course raises the
matter of assessi AgoWlech .upnt ecgilven asstusdficideuhst aneesciForevel, of irst
application of such methodol ogy gives rise to substantially free-edge

rect angul aispaielutaspectodt) raatdues ipr ecpgpey caletideat edcampletd84, wit227,
1.320 and 1.442 together with |ikew se cal cul ated "best" transducer

| ocation excatdnaat esrddsdbter 3)459%)s (Ordghesbnddd). ¥P. 3&hodk 429) ,and
(0.409, 0.459), respectively. For substantially rectangular _cl anped edge

panel s, preGisehy,15cal cubaied aspectyfdli&febirlnanr L 1y %06’]-&1(5),7)

1.602 arise together with transducer |ocation co-ordinates (0.44

(0.391, 0.374), 281, 0,439 0.347, 0, 388). and . 399, 0. 488 .
respect i vet%f.@ §6—§C§1 0 nc?ggéﬁeég‘pgﬁglﬁhf earceoﬁ‘}:s)‘etslé;soég%gr & W ‘?1‘2’%0 t&bove
ort hogonal ,two-beam.sinplified rrethodol o] re of interest and, subject of
further i MEHEPTat i bAY RVEREWRS 1 &nal eSENRSTRl s ¥F  affuaypeent

ratios, fully two-di nensional analysis and met hodol ogy has been 19 A" nn
2002 electrical terms as driving resistive impedance Zair, and

indication of intrinsic losses also in electrical terms as
10 resistive leakage path 14 to ground.

By its nature as a structure sufficiently stiff to
support bending wave action and afford useful acoustic
coupling to air, a resonant mode acoustic panel component
of "black box" 10 will have low loss. Also, bending wave

15 transducers along with wusual couplings to such panel
generally have low losses; and overall loss represented by
path 14 tends to be low, at least compared with input and
output power at 11, 13 - which would be good for proposed
analysis whether or not smooth, but does also tend to be

20 reasonably smooth thus further beneficial.

Figure 2 is believed to be helpful for understanding
basis of analytical assessment for which worked examples

will be given zrelative to later Figures. Block 21



30 applied over a wide range, specifically from1.05 to 2.00 in steps of
0.05. Results are shown as quarter-panel plots of nechanical inpedance in
Figures 17A-T, in each case by proportionate contouring\Mtrﬁgwm§R ﬁﬂg best
i ndi cated by 5 hatching and cross-hatching, respectively, and wth 171 ghtest
coal esced fromoriginal 14-level scaling. Wilst this neans that each pl ot

is individual, it is found to be useful to know the darkest and near
darkest locations in areal ternms at about 70 intervals, though other 10
presentation and analysis wll be usefult whether as to | evels and

i nt erval s iaslisucteoraevensas dsehel attonsidspstwi sboAl rxAEACareasoreasonabl y
required for transducer coupling or with absolute levels related to

t ransducer hperfisnanternt Bbgedlpupihangar el HHoareal c ROt HPed Sicgilgvel
grey scale contour basis is given in Figure 18 for one of the original

bref erent nalidsRecht f AR nGPeel! | ediank: 1idae a0d.LRAALELE! utdday of
worst |l ocations (lightest) isS interestingly nostly in accord with previous
t hi nki ng, nampely_ close.t0,,20 but not_actuall. t, each carner. .However,
00sSi bi I} 0T YnfpdSfild parel W TR sibgden sl SRy | T vant
attractive if rapisely on_a corner, itself, Pgrh S even on a qualgﬁgd

ext ensi on t‘F’orfg’f1 EfecditLsi fESWENEH§RsdRRFCI L 1cably 884507 3 RokiPh

snoot hness of power transfer out-weighed |Inevitable reduction of efficiency
of power OF&hsEEmaExPeasFoPfalIrl wopsEidecatebnd ingctepeslawapaiedm t he
corner at quite acute angles to the sides is seen as noteworthy. 5

Concent r atiegiveaf, | bseshdreatizad el 2 Iedand eibdafestdurate | anthdasmaiwel |

i n-board but eccentric locations is also of interest, including separation

into di scro#t easuhagneas, thioughs peydadRs ohantivcubael i gxheidnl naudgdar kest
region to splitting intrusion froma virtually diagonal |obe of 10 nore

vari abl e aghanioal ok mpedanasd rogbheiisonger GRpNSEaL LAl AR o

Edge- adj acent | ocation of strips of lowto | owest ani cal i npedance

devi at.i on i ordgn Wi we, had .t ound. iricall nanmel.y
inclﬁging F§§%§¥?ﬁé'po§9%§0n§é%@#¢%§%ui%ﬁgﬁ% ﬁgﬁgfﬁnc%-oﬁaﬁﬁﬁFgggofls
i n-board 15 sub-areas of | east nechani cal, i npedance devjation_and | ongest
known preflé’rdér?taltaef‘fl 084t i of-25 f(?rssﬁ“&ﬁ?&&é’erSQSF?%uréngngEItégseﬁt“ioa"l |y
anot her representation of what is shown in Figure 18, but usefully in
ef f ect i veldimsaitiondlseapretoapnefisvéhart ionnap Phakedor dance with 20
mechani cal i npedance.

The next indicated stage 22 represents investigation

of modal distribution and mechanical impedance, on the one
15 hand relative to assumed equal or unit excitement of each
mode (22A), i.e. without application of any differential
weighting; and on the other hand taking account of mean
values (22B), prefe:rably with further selective adjustment
for end-most modal frequencies involved. A further stage
20 of inter-active assessment of estimated mechanical
impedance is indicated at 23, specifically as to aspect
ratios relative to specific drive-coupling transducer

positions (23A) and as to specific transducer positions



Exanpl e is now given of two-dinensional analysis and of nethodol ogy al ong
the lines of the previous exanple for two-beamsinplified techniques. 32
EXAMPLE Il 1 9 AP R 2002 Panel data: Ex,Vx Young' s nodul es and Poi sson's
ratio of panel material along the x-axis Ev,Vr Young' s nodul eg and
Poi sson's ratio of panel material along the y-axis 5 Gxv 1n-b§aA3Rsﬂwar
nodul es of panel material p Density of panel material Lx,Lv Panel |ength

al ong the x- and y-axis directions respﬁctively h Panel thickness Constants

10 E x~h3_El~h3 G~h D=. D=y D=x12(1-v~v~, ~y 12~i ~1-v~-vY k 12 ~-p
h a- t DXy REEXCLXCLY SRS NHatos riectlency expression 15 a, ~, a a f=-~
Dx~~1! +DvI~v.Y, +2DXxY~~\~~ly ~ i~ - (iX~~~7~~, - (3Y~ ... 2n _ i

_ Dxy=Dx~vy+2DMower &Pecificyliye tsrread evint ftisousdargscondi tiasmral ]
dependent ), bgam ¢i ggoyaLues,mn the X'co%{éﬁliﬁd;%%%@”% [ é?ecié"e} And ~
py,) ~~, y~, are corresponding constants n exarrp?e, or a fualy fr ee
panel 20 phepstighrpi=py=dsk ift ceratrabedef cosbhc)ngasiay)sid, Mode shape

expression =cl + c¢2 ~ + c¢c3 cosh( ~ ~) + c4~smh(_ J~ ~) + c5 ~cos (~.~~ ) r
c6-sm_"(~ ~ ) where c | cp are bownrgayyscondition and node-dependent beam
function co_nft ant_E@g) an_exdnple, fo gg }s;,il_?)_(lgrA%jz made of a fully free
beam ¢ | ~c:=0 c33C5= I |Bsti4ye6=0 98 AR

where An are resonant mode frequencies (eigenvalues) in
ascending order.

10 Appropriate refinement regarding investigating spread
of resonant mode frequencies can include considering useful
sub-groupings according to some characteristic, say of a
nature involving symmetry. For example, for substantially
rectangular acoustic panel members, and at least relative to

15 orthogonal beam simplification, the SEE measure could be in
relation to odd-odd, even-even, odd-even and even-odd sub-
groups of resonant modes individually for such sub-groups and

collectively by weighted summing, viz:-

Fmoo(c) = | for poe 1,3..P -1

for qoe 1,3..Q-~ 1
A m_1 qo_"-tm(alpolqo)

NO o e S
2 2

20

sort(A)

1)

for pee 0,2..P -1
for qee 0,2..Q- 1

o 20 , a0 M(a.pe.qe)
Vo g -
2 2

95 Fmee(a) -

sort(A)

Fmix1{oa) :

[

for poe 1,3..P~ 1
for gee 0,2.Q - 1%

o PO~ 1 fge—fm(a.po.qe)
2 2

30

sorl(A)



1 9 APR 2002 33 Rel ative nmobility expression The nobility of the fnOe panel
retatrve to that of an ~nfnmlJe panel ( 8 ~~t, ) al a specific point on the
panel rs gwen by as ,I, =r 5 ~[(~)~F ~+r [8s(,f)~~+2b" ,(F ~,' 5 where F
is the driving frequency and 8 S, b v are the structural and vi scous
danping factors for the panel material respectively and da=~~~~~ D ~~~~2
Being a function of driving frequency, the relative nobility for any point
is sanpled at '~ discrete frequencies in the frequency rahé@ APRi 2002r est ,
the nean of which is given by 1 4'e~=Z18F p ~t~OF~~~, w~+~t J~+i ~ where
~=F~+t-F~ max nm 10 Measure of goodness A |logarithm c nmeasure of the
variation of relative OB ty| '©wWwPth %thd mdan renoved) is used for
optrnr~sation purposes, i a ~ | |lfaganThe-Qtdndard deviation of this neasure
is used for 15 identifying opt§mgndrive LogakiRN®)~~] ~~X] ~2 ' +~X] +1~2~ 2
F'"x Frtun j Precision of val ugs gk@?n”"1 ve for aspect ratios and/or
co-ordinate transducer locations is an inevitable result of cal cul ation,
and not necessarily indicati ont8#®0 nore than some paint within a range of
viabitity For 1 9 APR 2002 34 transducer |ocations areal plots are
particularly promsing, certainly,_. I ¢ j sis for

i nvestigation by experinentation ggﬁﬁeagﬁggéggt Eﬁgﬂ‘gz en results of
anal ytical met hodol o§#W4s.gbapdse A 3 | acoustic
performance for which number of resonant nbdes coupled is inportant as is
reasonabl e evenness of couplings to as nmany nodes as practical. Ready

avai | abi lity ofhanahisies fdF mbmRNReet bat Hasuahld FesbAsAENkoEBST 8RR

relative to particular
10 thelr distribution or spread depend on materials/structure

and geometry/configuration of panel members concerned; and
indicate suitability for acoustic device application, for
which evenness of spread/distribution is established as being
particularly beneficial. There 1is, of course, no account
15 taken of transducer location at this stage.

For known resonant mode frequencies and corresponding
shape of bending wave vibration can also be modelled, the
mechanical admittance can be investigated for any particular

transducer location (p,q), viz:-

20 2
e
Zm.j ,w'Zz(zw.&m)z,(zm.w))z ~
_— G Cq mpqz_-_@?

Y,

2.2 ih

P Qg [(‘."mb.Q)z - wZ] + 2Lom, o

where Yp,q is the square of the amplitude of the mode shape

25 Ym(w)=j -

at the transducer location concerned, and ¢ represents an
amount of damping. Plotting a log-log graph can facilitate
30 finding smoothest response, or the root mean square deviation

can be investigated over a specified range, say for minima of



lo transducer |ocations and own refinenent capability can be useful in
revealing greater generality of application of sone especially favourable
transducer | ocations/areas as well as particularity to aspect ratios of

ot her transducer |ocations/areas. 15 It is believed to be of particularly
hi gh potential to have arrived at a single discipline or denonstrator of
merit, termed herein neasure of snpot hness of nmechanical inpedance, that is
equal |y capabl e of |ocating and specifyi ng both val uabl e aspect ratios and
transducer 20 |ocations, including eviﬁent capability for rédcudiRveil2

refinenment, i.e. essentially jointly choosing geonetry and transducer

| ocation by simlar procedures using essentially the sanme variable or
paranmeter, or feasible variations ~ 9 a P ~ zoo2 thereon. 1 ~API~
2002 CLAIMS 1. A nethod o. nakzng an aCou5LI C devi cF relyi ng onbendi ng wave
actior_ in an area pf a p~, nel . ~per, the- Y Qd Characterised by
carvpri si r~gari 31yt 1Cc 14y . aasesist a-(pg([é(er(&&r.ami)ﬁf r rel atedparar.:etar

of tke pa:;el me_~ber, as a fu &|q . of shapepararrerers of said pane?

menber, sai d shape pa; aMetersbei ng se?ected frdT the

Conf i gur &% G/ geo: netry of saidlOarea of the panel. nme_nbe~, the bending

s~irfness of sa=darea & the pane -enbeY, and the | ecatior. of berdirg
B ;

wavet ransducers ir_ sai¥%#=8h-of= (Walea(| Yrobr %ﬂ)[z))? sei e~ti ~g sai d shape
paxankEters in acco=dace w t hsai ana3. ytical asses5:rent or the power
Lrar_sfer relatedl~pa_raneter of sa~.d paned nenbex, the acoustic

devi ceconcerned and des;derata therefor cor=elatir_g ~a_thachieving $aid
acoust i ¢ RSP EPRIGeaRioA BBt Hode8EniBKg, AEnAi &6l ; ustyc devi ce

re' ~yir_g onvending wave action in a.:~ area of a panel nenber,

t he20m e~had dgxetidhe seesonantormpie. Sraguaaryes carpy kassessibiy anpower
tra: afe= . . el er S yngtic: ;

s~N. apep%hgéngéog&geagﬁé%aﬁ q B’fe{“rll%%tﬁé esrr{g%rs% dcos asﬁghepglrogtne %c?%ﬁiﬁ%ga%%l ected
from t he wen ginadi cdg@esntetby GhdA¥al25ak aaedtigdtopasd? inerbesict he
bsndi ng stif ness of saidales, cf the panel nenber, and the |ocation of
bendi ng DgchagticalsdiRecancs sandbar épvestidriedaneingrerirer fomawtae yi ng, as
shapg paraneters are varied, the AVENDED SHEET 1 9 ASR 2002 37 rn?-~

irau.~--~or mn~ ~a of deiriatj.o:~ of tie sgid. poorern transferrelated
paranmeter from a val ~. : emQk)=jebadi n——z—he%—ei—%;——aﬁdse%ee{i ng sai d shape
paranmeters in accordance w thsal'q %M‘,{J)edmn}wﬁi'm%' X mnim, of the

power transferbrel ated paraneter of -said panel nmenk~er, the acousticdevice
concerned and desiderata theref (}_ ' i ieving said aCOUStic
device perforrlance. 3. & 1O A £16g (Y rat [ 2,
i ncl udi ngconpensati ng fgﬂr? gﬂ? djﬁjgﬁ;g’l’fro(ﬁ\f{ét (2-,)3 of out put 10power by
corrgl ated conditioning of the Ingut to theacoustic device.4. A nethod
according to claiml1, 2 or 3 in which thepower transfer rel ated paraneter
i's mechanileidh i reeadanse. FJonket kadhaoeor diefgriencel ats 4anyahpaet bctbar

anal ytical 15assessrient inclsdes deter~m-ining the standard devi ation ofthe
mechani c AT3RFsRIGAT L9 AD Y VERHEIBE ¥BI 8t itOntBELYTor . ReSikEhoyill

Ao dinghde G e JHBRESLD L RN algihdBhal buRs LeoRREE PhlEAL!Y
wei ghti ng appl1ed tor resonant 20t requency nodes 1 nvolved. 7. Metho

accor di ngp¢oowitaiofl T xansiiucsredecatiiba,dandawildnbe skbweervehad abawmeval ues
for £5esonant frequency npdesi nval v&d.& .Met hod according to any of clains 5

to 2 whelsehigsRsyich Merheairatla e e HanE8-ect i ve wei ghting for
resonant f r equenty, FRAES ; ENOIMEGET caltet gtk SeGIAliich B A&l shMSn Weerein
the seleGi~rewe~.ghting j s applied for "'end-nost resonant frequency
AVENDED SpERTechani@al-~impedangé witdl Hrequeniapedchdaringt hedtavgulidirng Lo
cla~.m9, W-~e-~ein the_erid-nost resonant frequenc es . J.nvoi,~red are

t o=nest i%a??gqﬁl@ﬁceftr aﬁ@«ngF | TR ersetgf (I;éro dé?i ragqf%? nggcgﬁtﬂbl ebgé)g‘r”at ~, on
of 5 sai d(ecesti Grievieeweenll(1 Meahpd @seondhNEdy0 aBy¥fpnecadbigtelai m
wherein the rasonant =recxuency nodes involvad_in said analytical ‘
assedsnemChiPRe Fulghaniidalg i AFPMEtEdd oRaaRABagy dTiIRe didFenshensl
nature. 10,42 M hodh acoorsl ngnhon8RY PreFedlad (Rldaim; wher ¢hpchis aanel
me~rber is yr s con9idered as's Stanti a y rect angtﬁal ar, an €sonant
frequency nodes involved in the anal ytica? assessnent arise from naking

si mpl i fywng anal ogy to orthogonal beans notionally in directions 15
parallel to pairs of opposite sides of said panel nenbErs. 13. Method
according to any preceding claim wherein resonant frecuency nodes invol ved
in said arlLal ytical assessnment arise relative to two-di:ner_sional

rel ati onshi ps of the panel neT, be.r as such.




20 la. Method according to any preceding claim wherein said selecting is
as to proportions of shape of said panel nenber. 15. Method according to
claim 14, wherein said selecting is assisted by presenting snoox, hed
results of said 25 ana~ytical assessnent as nechani cd inpﬁga@%%nzmmsaid
panel n2nbex agai nst varying said shape proportions to show nmi of

devi ation. 16. Method acCOrding to claim 14 or cla=m 15, whez'eir_~ said
AMENDED SHEET 7 9 ~ P ~ 2002 3a anal ytical assessnent is Lor given
transducer |ocation(s), 1~. M ~hod accéqding to any preceding claim

w ~ereirl $aird 9w edtiqignedinitags aspaBeatdtar ol trdh'sduéererpdalis shoota

gi ven sai dpanel. memex,, 5. 8. Nethod aceording. &g ol alan L, phereln sai d
anal yti cal assessment 1s Tar 'variabl'e one relative to fixed othex of
cc-oper at i resareasd ogaiders such dssweo—erfdienatees iafs t ransdiuepl ikbaeat i e and

results are_presented functiogill , Jusefully graphjcally, | ,Iookin% fCr
Fheg P bdanbed 1cT

mi ni mum 1C3d&GAAY oedft prEFérab nott A% WeRhahPe4f i RP ggd 12

Met hod saccapgiinG 40 dd ai Mpa8rinheseip aldiyiatmisialdd aggessRaly  nvelyve
alternatior, as to A-hich areas locator is fixed and which variable. 20)
Met hod accerdiatgcatlo any preceding clair:, wP?~erein said-15 ar_al ytical

assessnent inclydes. distributjon of mechani i npedance, of .sai d .panel_-
menb~r on ar easl{%a%}rse. %.PE%?ngd RO ngﬁ#)o ¢ ais%aiﬁi,a%eggiv agéioé]
selecting is assistad, by presenting results of said anal ytical assessnent
as contourCﬁhpﬁ?ﬁﬁhﬁ?l%%%a5138§ﬁéP @n/ F2FAESEon %ﬁ?%ﬁtnegﬁﬁﬁfbal Phpedance.
22. Method according to olairl 21, wherein said ar_al ytical assessirient
and cont ousuRsiEntglalsl Yof isptrenig ofeet@n®tlainr @ansl omemry ~gvidth t lge
sanme or simlar geonetry that together substantially match area of said
panel wenberef2zZhrl tedrhoith@mcoloeagido LranntB2, alddverceipulsaidhadalpdT ca
assessnent and contour mapping is of or_e quadrant for a substantially

rec~angul aappiane forsal sharainel cadmabelt. pdbpdvbtiath e costlhfl hadambidth
precedi ng clai mincluding the AMENDED SHEET ~ ~ ~~, P~; 20& ~a step o~

ehchond, RSB, SYNRN WOUPD s e TLee oy seerktining
at least once AftefrapgsuskzbdctE3ubbe: HimI9PdctNE NPT #21 913480 is
substantially confirmed by one minimum of the plot.
15 However, other minima appear, particularly one of promising
depth and' greater width, i.e. 1less sharply defined,

specifically bottoming at about 1.47:1.

Further investigations of these aspect ratios for
standard deviation of mechanical impedance against
20 proportionate co-ordinate values for transducer locations
have led to useful refinement of the latter. Thus, for the
aspect ratio of 1.134:1 of the above published PCT
application, plots of Figures 5A - D in turn set each of

length and width proportionate transducer 1location co-

25 ordinates to the established values of 3/7 and 4/9 and show



5 25. Acoustic device conprising a panel nenber having its

geonetry/ configuration andlor |ocations) for bendi ng wave transducer neans
in accordance with application of nmethod according ~o any preceding claim
2 0. Acoustic device ca_npri5ing a panel neriber relying on 10 bendi ng
knave action for its acoustic performance, the panel nenber ei?g &s
subs~antial ly rectanqul a= shape and isotropic as to its bendn Rnesses
in directions parallel to its substantially orthogonal axes, the panel
menber having axial proportions of 1 .2h 4i . 15 27. .caustic device

accor di ng 105 @vsiothess Steswsrts ey 1a tiransfuceechavi Aglc sreraiangesior
treasured fro=o0, one corner along thp axes, of substantially 0.453 and/or
subst ant i &hley OLBAT me@Qrtimnauﬂuﬁqo1ﬁrdiﬂmt©anei.menieér wedslur ethd@l ong
t he correspondi ng axes. ~C 28. ?~coustie device conprising a panel nenber
relyi ng anebemti,ng nesseacivaly f or Theseacolstéer pgatapmencereshgtpanal
nmenber being of substantially rectangul ar shape and anisatropic as to ~.ts

bendi ng stffincaRsRs oM dhbect.iqQns PaIaL! &lo t 0 ks subsgt anti ahky oriswgonal
axes, the panel 25 menber having axial proportions affording axial bending

SRR & e B e TR e KRR,

LAAFA@/oALAA A% AU . Agh. A, SZAAUs 9. A&r. As . AL. Ay%% ) yC) duyd
W {val GbTRFCHRERLY] CTRFENFCa] BAFCAFORFER ool R4} baUk AP BRI ) 5 oL
aJca] ca]ca]cal calca]calcaUcalcalcRalcalJ4 By Tyl

npr +#&?ﬁ$ﬁ@€ %VSSQ%EBA{HAA‘}“S@‘HFHaZP]:éa] é&fica]léﬁﬂléé’]tdé]fé%] @] cajud} cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l AbEpESEQIQJ
\ Jy OOOPPPRRRRRRSSBH(LSe8284$683 SASPSRSTS[ S{ vpke™ ZUni d_Z] cal] ca] caU] ca] cal] ca
] caU] ca] caU] ca] ca] c*a] ca] c”a] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]ca]c
ajcaJc(a]ca The plots of Figures 6A - D likewise investigate the

[ SkSz SSSSSSSSSSSTTI TLTPTUTWIYT[ TTTTW V\$V\%/\&W W Wzuoj d_Yke™ ZUni d_Z] cal] ca] ca
] c"a]@a] cimlesplettled @ prlctakag Whe aliaal cal 9@&0%91%%] GaliGa] c cal ¢
a] cal] ca] cal] ca] cal] ca/ WeVBWAV\BW V\Y\/\h YY, Y. YRZ\ ZazdzhZj ZI Z

T %f&%@g%g%%&m] it aa il s
| e e e

ay] ca] caly] ca] ca! | mbngmi' n] nnovooo" p\ pppp" q[ qqqvvv"w Dx| xxVWyy}xsni d_Z] ca
]]ca]calc ] eaﬁéa}caﬁ"b"a‘]kéﬁﬂ cal85PBAPga) EGFEEH] cBF¥E] (%tf%‘{ﬂ‘ca?’é%ﬁjcja?% Jcalc
aJca]ca]ca]calcalca]ca] calyyz! zRzzzzr { {{~~+ddT

} xsnhb] W eWjcss]seaUjema) @mi]xs:@]cca@caf.oar}\eaizea] ealcc afea] dapsEl afealzEdea] cal ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca! %79;

ACSUegz} * ,oGBJZheqhﬁpjim@T}mrﬁ&ﬂﬂéd:a]malﬂ@}mLﬂmL&sa]bmu,@aédahj]ocal}eaU] ca
] cay] ca] cal] ca] cal] cal] ca] ca] c*al] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca046>@IR
zd} woj d] XiRaeri e ABS] C"absantlgoath cag ¢ akadal cal satheadhca) satual
UctraUca Uc "aljc ~a U] c ’\a] c’\a] cal] ca] cal] ca] caU] ca U c”aUl ca] cal] ca] cOa

N dl A

a g"gU] Qg]&a&tg% calj] ca tji %I a% cabi fgllﬁ# %\ i ca Ig%]lﬂglg%&%g/;%
J -0;J | f a\ ~a

U] c”a] l’;i(gc %aﬁ% ca}} é%r ai‘%cg‘z}f‘%a?(’f&]sfg]lt?fﬁﬂo@dﬁ]aﬁ%%] ca] ca] ca] ca] ca] ca] ca]
calcalc(a]ca!! V(ﬁ?%vﬁggggggggg%%g} E:p’;g)r(éa ca]%cd\A });a] ggﬁ;%g] ca 3)51(:5/(\; calllca] ch

a FerHI™ aP¥a C

?]Xiﬁl]\ C?Lgﬁ} ga]ZU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] c”a]
ca] cal’ca] erjediedh] dafrcakbe] cefarddueer location co-ordinate values

arising from Figures 5A - D and Figures 6A - D, and results
shown in Figures 4B and 4C, respectively. Figure 4B shows

that the minimum for the standard deviation of mechanical



Ul c”a] ca! "3BE. 70R\ "} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
] ca] ca] c*a] ca] cfa] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calca%bC 109K ()-1I
S109%& ()-, YI09%&' ()-y@10%& ()-!10%t& ()-
| "10%&' () - FC)dEs-!10%&' ()-F+! 109%&' ()-,)!109& ()-,"':$10% ()-|I
$109%&' ()-"10%& ()-)dRSTUdYNC 10 10 P
10, 8! 10%&' () - 6! 1098 ()-3! 10% ()-, 1" $10% ()-/! 10%& () - Udiry "APR B¥nci b
T (LI09RRE () - 2|t ,r(109& ()- 1'xi ,r(l09% ()- 1'V ,r(109& ()-
1V, r (1098 ()- 1f#10% & ()-Y tuvw® rPCE ,r(10%RR p $10%&' ()- 1! ~$10%& () -
1"10%&' () -imdendicdd! bo¢dlofRhy) - at | Qiez| HRH<(% & 4)zx0 10.13201 4G !
$10% & ()- 1 $10%& ()- 1! $10%& ()- 1'a $10%& ()- 1"9wUED1 10::
deepened and sharpened, whereas that at 1.47:1 is less deep
and sharper. This, of course, correlates well with the
greater changes of co-ordinate values arising from Figures
5 6A - D compared with Figures 5A - Df-?igure 4C produces a
refinement of the aspect ratio 1.47:1 to 1.41:1, including
to a deeper minimum of standard deviation of mechanical
impedance. The interestingly deep minimum at an aspect
ratio of about 0.72:1 is, of course, close to reciprocal
10 for 1.41:1, thus to be expected; and, for the indicated
lesser minima at about 0.66:1 and 0.85:1 in Figure 4A,
perhaps particularly in view of refining a little downwards
in Figure 4B, there is closeness to the reciprocals for
upper of the range 1.141/1.47:1 and lower of 1.134/1.138:1,
15 respectively.

Indeed, much as these processes of refinement,
including mutual refinement, can be of value in optimising
for best available acoustic performance, they appear to be
as valuably viewed in terms of indicating ranges of

20 variation for viable acoustic operation. Particular merit
arises in identifying areas of wviable 1location for

transducer means, perhaps especially for panel members with

favourable geometry/bending resistances, and further for



10:: 1R (10%: & ()- 1! (10%:& ()- 1! TO (10%: F: & ()- 1! (10%:& ()-
11(10%: & ()- 1j Al J91 10:: 1! ,10%& ()-31! ,10%& ()-31!i

, 10%pé& ()-31!, 10%& ()-31! 10%0% ()-3 10:: A}oP1 10:: 1!110%m& ()- 10 10 10's
,109& ()-31! , 109 ()-31'S , 109 ()-31zXJ<1l 1 10== 10==! Q $10%=& ()-0!
$10% & ()-0 $10%m& ()-0! $10% & ()-0! $10%& ()-0J4 19 APR 2002

uVAL! | $10%& ()-! 10%& ()-!10%& ()- !10%& ()-!10%& ()- 10%& {)- 10==4 By
"IYI dE4A11 1 $10, ! 109%& ()-!109%& ()-Y $109%& ()-! 109%& ()-10%&' ()-" 10% ()-Y!!
"D'~"""aB4;

) Vrovr () CHCONE YAV 105 O (9 PSSP YIRS -
#xan|I$' 10% - 10 10 1Q 7!'109%&' () - 5! 109! .
* 31 109%&' )OWFE%TOO/‘?&?‘T ﬁ?@é&&?“‘e%@ﬁbo ?‘ﬁﬁ@/ﬁh&'a(S 1§25C ) SO ETLt 11 s
I$10%1h&' O)- .
arises 1in identifying best available locations for
transducer means on panel members of unfavourable geometry/
5 bending stiffnesses. Much the same applies to identifying
worst locations for transducer means, i.e. as to be avoided
even where high acoustic performance is not deemed to be
necessary. Accordingly it is found to be useful to present
analytical results on a relative basis, effectively in
10 percentage terms, though any particular values could be
applied, and normalisa—tion may be seen as useful. It is the
case that favoufable geometry panel members show larger
areas for likely viable-to-good/best locations for
transducer means, and unfavourable geometry panel members
15 show smaller such areas; and that edge 1locations are
confirmed as viable, though perhaps normally best used in
pairs to ensure similar excitation of resonant modes that
useful beam-based simplifications indicate as related to
different geometrical axes.
20 Moreover, due account should be taken of available
power output, whether as to low being acceptable for even-
ness of excitation of more resonant modes, or high being

preferred even at cost of fewer modes excited and/or less
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evenly eXcited. However, higher numbers and more evenness

are usually associated with smoothness of power, and are
most readily compensated towards flatness by suitable
electronic input signal conditioning, at least where power
5 efficiency is not necessarily of paramount importance. o
Figures 7A, B indicate arriving at the aspect ratios
1.38 and 1.41, together with transducer location co-
ordinates (0.44, 0.414) and (0.455, 0.452), respectively,
see Figures 8A, B, by a route as above for Figures 3A, B
10 etc, but starting from aspect ratios 1.149, 1.134 and
1.762. Interestingly, however, further indication arises
other favourable aspect ratios at about 1.6 and 1.2, with
transducer location co-ordinates (0.41, 0.44) and (0.403,
0.406), respectively, .see Figures 8C, D. The mechanical
15 impedance plots of Figures SA -D are generally useful
regarding the transducer location co-ordinates, as 1is
evident by inspection for all of above aspect ratios, i.e.
1.138, 1.41, 1.6 (taken as refined to 1.62 or during
refinement to 1.6) and 1.2 (taken as refined to 1.266 or

20 during refinement) .
Generality of such usefulness is manifest in self-
evident identification of areas including precisely

calculated locations. At least where such areas are larger



10; u; u 10;

188$9MDY% : ;; zY7PCI 11" $109& ()- 1 $10% & ()- 1u'd $109& ()- 1! $109%& ()-
$109ZX& ()- 1! $10%& ()- 1;5<u<<<<<<}oPCl!!‘ $10% f109&Z& ()- 10 10 10!
$10%&' ()- 1! $10%&' ()- 1! $109ZZ& ()- 1<4=>>>}??xV7PC! $10%Zr & ()- 1!
$10%&' ()- 1! $10%&' ()- 1t $109%&zZ& ()- 1!t $10%&z& ()- 1!$1 %&A?}z 2002

1? G@\ABACADAUAA} OP1 | 10%1& ()- 10%m& ()- 10 10 10! $109%& (

$109ZZ7&' ()- 1! $10%&' () - 1AA*BB@:C$Dy 1! SS$10%TTT&()--' Ss$109& ()--! ~
SS$lO%fnT&h(é2--' Ss$1 %& Ss$10(V /é& Ss$10%

& () - - $SDD*E'E EaEPESEY )1@ca &ei‘$lﬁa‘ib‘?ﬂ‘/ coupling is to

10

15

20

u;ut (10% u; u& ()- 1'n (10% u-u& ()- 1! (10%ué& ()-

be expected along with tolerance of actual location without
losing viability. Figures 10A, B are quarter panel contour
plots of mechanical impedance deviation for the aspect
ratios 1.41 and 1.47, respectively, and establish credence
for such range affording good transducer 1locations, see
substantial extents of areas of least/smoothest mechanical
impedance location (cross hatched), albeit within which
further precise calculation is available as desired/useful.

Indeed, this technique 1lends itself readily to
extension for investigation of best available transducer
locations even for panels other than identified as
favourable. Identified such locations may well have more
viable mechanical impedance than for better aspect ratio
panels, but can be viable at 1least for somewhat lesser
frequency rénges of operation.

It is also feasible to investigate virtually any
boundary conditions for acoustic panels, ranging £from
substantially free or only lightly damped as specifically
described in the above published PCT application to much
more constrained, even clamped. Indeed, preferential co-
ordinate positions have even been identified for a circular

panel at (0.8, 0.6).

1
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precisely calculated preferential transducer location co-
ordinates (0.437, 0.414), (0.385, 0.387) and (0.409,
0.439), respectively. Figures 11A, B with Figure 144,
Figures 12A, B with Figure 14B and Figures 132, B with
10 Figure 14C demonstrate application of analytical method-
ology as above for Figures 3A, B etc in confirmation of
values just listed - see also the quarter-panel mechanical
impedance plot for the aspect ratio 1.16 and substantial
extent of areas promising for transducer location, even two
15 such separate areas, (crosgss hatched).

Indeed, much as for the aspect ratio 1.138 for free or
near-free panel edge conditions, the actually quite close
aspect ratio 1.160 for clamped e&ge panels appears to have
significant extent(s) of at least <viable transducer

20 locations - and is itself postulated as having substantial
tolerance, at least with likely increasing particularity of

transducer locations. Figure 16 gives revealing comparison

of above preferential clamped edge aspect ratios and
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modes, and smoothing factor

- useful angle definitions

eigenvalues corresponding to investigated resonant

- specific panel parameters and related expressions

10 - displacement functions for different

boundary conditions

(free/clamped)

- length/width fractions for proportionate transducer

location co-ordinates along with formula involving

mechanical impedance

15 - three mechanical impedance formulae

- two ratios of infinite and finite panel impedances

involving aspect ratios and transducer locations

all intendedly without prejudice to generality implicit in

approach hereof.
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vibration equations, there 1is self-evident possibility of
taking account of more up to all possible modes of bending
5 wave related vibration in panels. This, of course raises
the mwmatter of assessing which up to given set of
circumstances.
However, first application of such methodology gives
rise to substantially free-edge rectangular panel aspect
10 ratios precisely calculated at 1.134, 1.227, 1.320 and
1.442 together with likewise calculated "best" transducer
lo_cation co-ordinates (0.359, 0.459), (0.414, 0.424),
(0.381, 0.429) and (0.409, 0.459), 7respectively. For
substantially rectangular .clamped edge panels, precisely
15 calculated aspect ratios (1.155, 1.299, 1.309, 1.5, 1.602
arise together with transducer 1location <co-ordinates
(0.446, 0.407), (0.391, 0.374), (0.281, 0.439), (0.347,
0.388) and (0.399, 0.488), respectively.
Both of closeness and differences as compared with
20 above orthogonal two-beam simplified methodology are of
interest and subject of further investigation.

Reverting to analysis of panels of any aspect ratios,

fully two-dimensional analysis and methodology has been
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of mechanical impedance in Figures 17A-T, in each case by
proportionate contouring with worst and best indicated by

5 hatching and cross-hatching, respectively, and with
lightest coalesced from original 14-level scaling-. Whilst
this means that each plot is individual, it is found to be
useful to know the darkest and near darkest locations in
areal terms at about 7% intervals, though  other

10 presentation and analysis will be useful, whether as to
levels and intervals as' such or even as to relationships
with minimum areas yeasonably required for transducer
coupling or with absolute levels related to transducer
performance, etc.

15 A larger scale areal plot on a six-level grey scale
contour basis is given in Figure 18 for one of the original
preferential aspect ratios, specifically 1.134, and the
distribution of worst locations (lightest) is interestingly
mostly in accord with previous thinking, namely close to,

20 but not actually at, each corner. However, possibility of
true or near-true point energisation could well be

attractive if precisely on a corner itself, perhaps even on

a localised extension for practical sizes of transducer,
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reduction of efficiency of power transfer. Extension of the
worst locations in lobes away from the corner at quite
acute angles to the sides 1is seen as noteworthy.
Concentration of lowest mechanical impedance (darkest) at
long-known well in-board but eccentric locations is also of
interest, including separation into discrete sub-areas,
though perhaps particularly extent of next-darkest region
to splitting intrusion from a virtually diagonal 1lobe of
more variable mechanical impedance from the worst near-
corner location. Edge-adjacent location of strips of low to
lowest mechanical impedance deviation is in accordance with
what we had found empirically, namely including favouring
positions correlating well with co-ordinates of in-board
sub-areas of least mechanical impedance deviation and
longest known preferential location 25 for transducers.

Figure 19 is essentially another representation of
what is shown in Figure 18, but usefully in effectively
continuous three dimensional format in accordance with
mechanical impedance.

Example is now given of two-dimensional analysis and
of methodology along the lines of the previous example for

two-beam simplified techniques.
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EXAMPLE T1I
Panel data:
Ex,Vx Young's modulus and Poisson's ratio of panel material along the x-axis
Ev,Vy Young's modulus and Poisson's ratio of panel material along the y-axis
5 Gxvy In-plane shear modulus of panel material
p Density of panel material
Lx,Ly Panel length along the x- and y-axis directions respectively
h Panel thickness
Constants :
10 o E, b’ _EyW 5.8 xyD - .
x'm y'm k= 12 U xVyt k
p=p h a =Lx‘-Ly Du'w r=-l-[§
Modal frequency expression :
15 . :,)\\ 4 , - |
r=.2_;~ D x\_r" #D IR #2D A A A - B ) (A - B
\

+4-D k ;\). )\\ [ ()‘\ - ﬂ\) i/)‘). - B\' - ;)"\ - YN\).(X\ - Y)’)]

where l\,ly are the relevant (boundary-condition dependent) beam eigenvalues in the x- and

y-directions respeclively and B\,ﬁv.y\,'{\, are corresponding constants

As an example, for a fully free panel

20 B,=B =6 Y =Y, 52 A =ly=l where cosh(A)-cos(r)=1

Mode shape expression :

¢=cl +¢c2C +c3 cosh(A C) + cd-sinh(A ) + c5-cos (A-§) +cb-sin (X ()

where ¢l c6 are boundary-condition and mode-dependent beam function constants

As an example, for the 1st flexural mode of a fully free beam

cl=¢2=0 c3=c5=10 cd=¢c6=0 982502215
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Relative mobility expression

The mobility ot the finite panel relatve to that of an infinile panel ( 8 JD x M ) at a specific point
on the panel s given by

4 (D)
S . —
. ! J'(G)—FJ+1{65(\G) +26—\-,_(Ff15]

where F 1s the driving frequency and § 59, are the structural and viscous damping factors for

the panel matenal respectively and d>=(¢\}2 i\¢\‘)2

Being a function of dnving frequency, the relative mobihty for any point 1s sampled at *y*
discrete frequencies in the frequency range of interest, the mean of which 15 given by

W = ZAF \p + \|/ \ where AFJ=F -F
z 'F mm/

10

Measure of goodness :

A loganthmic measure of the vanation of relative mobility (with the mean removed) 1s used for
optimisation purposes, i e

f3)
\plv

The standard deviation of this measure is used for

15 identifying optimum drive locations

\[ETF"T“:ZAF[(" )+ (x)]

Precision of wvalues given above for aspect ratlos
and/or co-ordinate transducer locations is an inevitable
result of calculation, and not necessarily indication of

20 more than some point within a range of viability For
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34
transducer locations areal plots are particularly
promising, certainly affording deserving basis for

investigation by experimentation both as to matching
between results of analytical methodology as proposed

5 herein and as to actual acoustic performance £for which
number of resonant modes coupled 1is important as 1is
reasonable evenness of couplings to as many wmodes as
practical. Ready availability of analysis for any aspect
ratios and refinement thereof relative to particular

10 transducer locations and own refinement capability can be
useful in revealing greater éénerality of application of
some especially favourable transduéer locations/areas as
well as particularity to aspect ratios of other transducer
locations/areas.

15 It is believed to be of particularly high potential to
have arrived at a single discipline or demonstrator of
merit, termed herein measure of smoothness of mechanical
impedance, that is equally —capable of locating and
specifying both wvaluable aspect ratios and transducer

20 locations, including evident capability for recursive
refinement, i.e. essentially jointly choosing geometry and
transducer location by similar procedures using essentially

the same variable or parameter, oxr feasible wvariations
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thereon.
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CLAIMS

1. A method of making an acouscic device relying on

bending wave actior in an area of a pznel member, the
5 method characterised by comprising
analytically assessing a power <ctransfer related
parsmeter of the panel member, as a function of shape
parameters of said panel merber, said shape parameters
being selected from the configuration/gecmetry of said
10 area of the panel member, the bending stiffness of said
area cf the panel member, and the location of berding wave
transducers in said area of said panel member; ar
selecting said shape parameters in accorda=ce with
sald analyticzl assessment oFf the power transfer related
15 parameter of said panel member, the acoustic device
concerned and desiderata therefor correlating with
achieving said acoustic device performance,
2. & method of making an acoustic device relying on
bernding wave acrion in an area of a panel member, the
20 method characterised by comprising
analytically assessing a power transfer related
bParameter of the panel member, as a functicn of shape
parameters of said panel member, said shape parameters
being selected from the configuration/gecmetry of said
25 area of the panel member, the bending stiffness of said
area cf the panel member, and the locacior of bending wave
transducers in said area of said panel member,

identifying, as shape parameters are varaed, the
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minimum or minima of deviation of the said power transfer
related parameter frem a value or relation therefor; and
selecting said shape parameters in accordance with
sard identified minimum or minima of the power transfer
9 related parameter of “said panel member, the acoustic
device concerned and desiderata therefor corralating with
achieving said acoustic device performance.
3. Method according to «<¢laim 1 or 2, including
compensating for any deviation from flatness of output
10 power by correlated conditioning of the input to the
acoustic device.
4, A method according to ¢laim 1, 2 er 3 in which the
power transfer related parameter is mechanical impedance.
5. Method according to c¢laim 4, wherein the analytical
15 assessment includes determining the standard deviation of
the mecharical impedance from some value or relation
therefor.
6. Method according tc claim 5, wherein the deviation is
relative to same or unity weighting applied for rescnant
20 frequency modes involved.
7. Method according to claim 5 or 6, wherein the deviation
is relative to mean values for resonant frequency modes
involved.
8. Method according to any of claims 5 *o 7, wherein the
25 deviation is relative to selective weighting for resonant
frequency modes involved.
9. Method according to claim 8, wherein the selective

welghting 4is applied for end-most resonant frequency
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10. Method according to claim 9, wherein the end-most
resonant fregquency modes involved are lowest in frequency
range of interest for desired or acceptable operation of
5 said acoustic device.”
11. Method according to any preceding claim, wherein the
resonant frequency modes involved in saild analytical
assessment arise from making simplification analogy of
one~dimensional nature.

10 12. Method according to any preceding claim, wherein the
panel member is or is considered as substantially
rectangular, and resonant frequency modes Zinvolved in the
analytical assessment arise from making simplifying
analogy to orthogonal beams notionally in directions

15 parallel to pairs of opposite sides of said panel memoers.

13, Method according to any preceding claim, wherein
resonant freguency modes involved in said analytical
assessment arise relative to two-dimensional relationships
of the panel member as such.

20 14. Method according to any preceding clainm, wherein said
selecting is as to proportions of shape of said panel
member.

15. Method according to c¢laim 14, wherein said selecting
is assisted by presenting smoothed results of said

25 analytical assesswment as mechanical 1impedance of said
panel member against varying said shape proportions to

show minima of deviation.

16. Methed according to c¢laim 14 or claim 15, wherein said
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17. Method according to any preceding claim, wherein said
selecting is as to location of transducer mneans for a
given said pansl member.

5 18. Method according to claim 17, wherein said analytical
assessment is for variable one relative to fixed other of
co-operative areal locators such as co-crdinates of
transducer location and results are presented
functionally, usefully graphically, in looking fer minimum

1C deviation of preferably smocthed mechanical impedance.
129. Method according to claim 18, wherein alternate said
assessments involve alternation as to which areal locator
is fixed and which variable.
20, Method according ‘to any preceding claim, wherein said
15 analytical assessment includes distribution of mechanical
impedance of sald panel member on areal basis,
21, Metnod according to claim 20, wherein said selecting
is assisted by presenting results of said analytical
assessment as contour mapping of areal deviation/variation
20 of mechanical impedance.
22. Method according to claim 21, wherein said analytical
assessment and contour mapping is of one only of &two or
more notional parts of the same or similar geometry that
together substantially match area of said panel member.
25 23. Method according to claim 22, wherein said analytical
assessment and contour mapping is of one quadrant for a
substantially reczangular shape of said panel member.

24. Method according to any preceding claim including the
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step of sgelecting panel member shape proportion and the
step of selecting transducer location wherein one of the
two said steps of selecting is done at least once after
and using results of doing the other said step.

25. Acoustic device comprising a panel member having its
geometry/configuration and/or location(s) for bending wave
transducer means in accordance with application of method
according to any preceding claim.

26. Acoustic device comprising a panel member relying on
bending wave action foxr its acoustic performance, the
panel member being of substantially rectangular shape and
isotropic as to its Dbending stiffnesses in directions
parallel to its substantially orthogonal axes, the panel
member having axial proportions of 1 : 1.41.

57. Rcoustic device according to claim 26, comprising a
transducer having co-ordinates, measured from one Ccorner
along the axes, of substantially 0.453 and/or
substantially 0.447.times the length of the panel member
measured along the corresponding axes.

28. NDcoustic device comprising a panel member relying on
bending wave action for its acoustic performance, the
panel member being of substantially rectangular shape and
anisotropic as to its bending stiffnesses in directions
parallel te its substantially orthogonal axes, tne panel
member having axial proportions afferding axial bending

stiffnesses in a ratio of 1 : 1.41.
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