: e3e66T6N19 APR 2002 5 TITLE : ACOUSTI C DEVI CE COVPRI SI NG A PAN ‘,NENBERa
RELYI NG ON BENDI NG WAVE ACTI ON 10 FIELD OF THE | NVENTI ON This i nveltion -~
rel ates to acoustic devices capabl e of acoustic action involving bending
waves. BACKGROUND TO THE | NVENTI ON Co- pendi ng | nternati onal Patent
Application PCT/GB96 15 /02145 (published W97/09842) includes various

teaching as to nature, structure and configuration of ac HMWHMNHMWMl
menbers having capability to sustain and propagate input J ener gy
t hrough bendi ng waves in operative areas) extendi ng transver gl of

t hi ckness usually (if not 20 necessanily) to edges of the ne

anal yses are nade of various specific panel nenber config m@ﬂﬂ@”hﬁ@ﬁm h or
wi t hout directional anisotropy of bending stiffness acros

as to have resonant node vibration 19 APR 2002 2 conponents*d%@?rlbuted
over said areas) beneficially for acoustic coupling with anmbient air.

Anal yses extend to predeterm ned preferential |ocations) within said areas)
for transducer neans, particularly operationally active or

5 TITLE: ACOUSTIC DEVICE COMPRISING A PANEL MEMBER RELYING ON BENDING WAVE ACTION

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/GB96
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



5 noving parts) thereof effective in relation to acoustic vibratignal.., ..

activity in said areas) and signals, usually electrical, correspbﬁ’di""' Vg Lol
acoustic content of such vibrational activity. Uses are al so envisaged in
t he above PCT application for such nmenbers as or in "passive" 10 acoustic

devices, i.e. without transducer neans, such as for reverberation or for
acoustic filtering or for acoustically "voicing" a space or room O her
"active" acoustic devices, i.e. with bending wave transducer neans, include

a remarkably wi de range of |oudspeakers2as sources 15 of sound when .
suppl i ed #AWPRNAS sdgasrsbhbele cmaveshed tHreaid) syab @ al o ri-p such
as m crophones when exposed to sound to be converted into other signals.
Co- pendi ngadatsritat iconad] iRat et tAPphinbakhen E&D}/.GB%%/alg@@%l Egeggfinsto

SS or

applying to panel nenbers) distributions) 20 of stiffn es) an _ -
Masses) nNQirexiitidach e nﬁf@?@%@ﬁ%%aw bR LRNEE)) O{v}ilgggile?s[]ﬁd:{cfgagggqgs ical

centre(s). This is particularly ut not exclusive

benefi ci aldgt cophi i 0 Lstoni ¢ .acqustic action ,%as 19 APR 2002 3
for hitherto conveﬁ%ﬁl FnQ?f}%l’c alryc;l(?éﬁ‘é%li%e?pfab'(i‘&& BaReYs)2GH ¥ ¥R hekdi ng
wave gcoust i ction. genera] | in_the above published PCT application.
Speci ﬁ?caﬁoﬁq c %FB%%? ﬁ%dﬁgéﬁcﬁégﬁs iBr 1Rkatinmt 50 caepdskic
bendi ng wave actions can include at centres) of mass and/or geonetri cal
centres) (FPRAAPTIcrSHi Yty drormaidicaren) s)buangt isliignsdts,sfysgabeyal
desi derata for bending wave action. This invention has arisen from

i ntuitive eleatinigathat cdrnempongsirapprioachescakttilie aleMeRCT &Pp! §6aki ons
to design and specification of acoustically useful bending wave action

menber s r ofibgett ivomd atdwivitgef Uises 0aeeP) SR AREOLIGYAt hal thoulg b
capabl e of yielding as good or yet better and/or as practical or nore

practical pdesi gippllizatnem figat i &l trﬁérhl?e perhaps Jncl.udi n,g? ot her useful
0

configurations and transducer |ocations n ef ore spéci fi'ed FAHTHEF wi se

appr g@i at Ik shas n Qbject of. this invention to i nvestigate, and
arri \e/lg at ﬁgt?(‘:lﬁttrlleazu %\gf&i%’ S%I\'/I@ARW’C?"?#E I%?é?\ﬁ‘%‘éﬁ?’ﬁ\cé‘lﬂad}%g E8chi ras
gener al t hod and?ggavi ce, aspects of this invention, 'fanel menber

par anet er 5 “Af f ECTIHP TR MY wafe $Q5 on2ceuehigs philtexdng| yor for
configuration/ 19 APR 2002 4 geonetry in relation to bending

sti f f ness@ESPSEAGRELYbeiUPAginale 2 r FRAR erot ocabdmn( NYthes/ Aract iven
accordance with desiderata applied to anal ysable characteristics) relevant
to pover BFRHSLAc fd@viides acous! ieidpyvbeadinepneeveet raseancdesimelsd A
useful ly favouring acceptable distribution and/or density and/or evenness
of excitatinohude acateidednly rﬁi&é/aﬂénéésQﬂanioﬁagﬁéaﬁéréurafsa%d’%&dét ion
i nvol ved in bending wave action. It has been particularly established that
desi nabl yoif 0 sRfdrRrty r 3 deﬁﬁé ! dis i-Qution,correlates with a
measur e of srmothne‘g@%f g%ggg?é??gﬁgther o‘%é/t %élgg“(r:aolt%t#(g H%Vicgéwceo%cee ned;
and use a I S rrelation.in terns of acoustic panel nepbers
i nvol vi ngegeﬁgﬁﬁgg%\g}g’ac?ﬁ%o%afgns’ﬂ tTHE V3T | BESTOPRORCEs yhens &3Posed hi s

i nvention
to sound to be converted into other signals.

Co-pending International Patent Application PCT/GB98/

00621 concerns applying to panel member(s) distribution(s)

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



AN

Under|ying inventive rational e or concept involved includes appr éclationiil?
that; for active acoustic devices as sources of sound, satisfactory
acoustic performance of panel nenbers concerned is nore dependent on

snoot hness of 20 power output than on hitherto conventionally esteened

fl at ness of output over whatever frequency range i s concerned/ desired.
Deviation fromflatness of output is actually readily conpensated by

sui tabl e el ectroni c signal 19 APR 2003 COnditioning, specifically so

| ong as t hwut puhigR¥Labi ONS CERESENeG 3 € regsgnabl y, smoot h. Ener | osses
wi thi n panel nmenbers and transducer rrear?g’of ac %?%ﬁjgvi ceS VB d

tend to bg hpidbheoak i ysl . and_reasonably snooth in thensel ves.
Accordi ngl'y, fé(}? th%%hr\é'gstésséu%lf%%?? gf?&ct?@%ﬂégécofa%’v‘?’ée%r@rllafnd

speci ficatjon.ca based on ot hness of input power transfer, including
parti cul ar%ISy %ig] tntotti%egl t"?y/B‘dﬁ Tefed: ikGT SBEHR&§3§§1§E’C¢ Saeicas imad 15 t 0
10 bendina wave, trggfducer | ocations) such as in terns of proportionate
co- or di nat'@S3ARR Rler Par thxansduesiar degans stfes) bethr epimtenied iand
assessi ng_snoot hness of power transfer, conveniently and preferentially

i nput Spowbendimef save t aict jpmact ceal fnchadd5 aenceenedend)h gy ?h%isg”
fromsone useful condition, state or value, whether of arbitrary or o

rel at i onakndatour egedhesriaadl Yeng Heelt i V&s t @e33BmQELUMN L] ighting of
what ever resonant frequency nodes are concerned hag1 pro u%ye%g\ﬁkgls&:fmgc

results, agtham)gnabyei srighatdune; v . weyer, selective
adj ust ment of wei ghting otcis aﬁ%%gggﬂggg&szck%gaéﬁ‘ﬁgm%? P§RA&Rg DI e
at | east {,g¢ecRd modal frequencies involved, particularly |owest; and

feasibly nore generally or otherw se. 19 APR 2002 6 The frequency nodes
concer ned/ i nvoéﬁed in anatlgti cal assessnent hereof can be as arise from
meki ng practicafty VIR phas| axdseR R dBtuitiyearféelims that
onedi nensi onal nature, say to orthogonal beans notionally in 5 directions
par allfel VBTpRUSs aPXARISS ot the @bovebRCMt apply caedicazgut@r desigh
menbers. This sinplification approach reflects success achieved in specific
t eachi ng 8RAWEPeRYFITatingl ubig dcoust Leablger ake@nlr eldhyend 0 Gapunber
of resonant nodes in |0 each beamdirection and directly relate

i nter-actaegeiondesmefBbirBeMeps 51 86t aANALYRES T Lve - di pensional
rel ati onshi ps should nore closely refl ect reaﬁl?%%s o‘%g%gﬁgl %?ngs

such, i ncheghBdol ldHi: a8 L BKI riate accaunt of nore
inter-actively rel ag ed resona?ltﬁ%SB%D a a?’?‘eéquéﬁciye]se. %r%ef“?e@%‘?ﬂ d°r
characterigti eyant, to power transfer for the panel nenber include
criteria *or :?;Qc%%% céﬁafﬁ%e&cgfa%ﬁcﬁi tF s Far Bractigalodesisn/
appl ilgatigg offa smoot hi ng factor) say 10%
ecllication 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/



20 I'n some particular inventive aspects hereof, criteria for mechanical ...,
i npedance are used in assessing input power transfer, specifically iy v duic
finding practical geonetries and/or stiffness paraneters/distributions of
panel mnenbers 19 APR 2002 7 for acoustic action relying on distribution
of resonant nodes of bending wave action. It can be of high practical value
first to investigate relative to known favourabl e transducer |ocations and

to present results functionally, 5 usefully graphically, relative to

vari ant asggghef al,i 0§ ,0f gral_geonetrical, shape concerned in | ooking for
m ni ma of gevgl;n%tl n. §Pn o%?ie]?‘tlpqd}t i E81 alsnsidrt i vet i feess (ken eofandyid eri a
for mechanj ggc!i. i npedance_is/are used to find practical 10 transducer

| ocati ons TOr pa?t "eYFar tHRRPHREeHedmat st (Ponf igvraki ons and/c¥dance
stiffness distributions of panel nenmbers for acoustic action involving

bendi ng _ WAYRs, de$e¥atal | spphieddviont agralipbybhit heth rhicBdratdeqr: (9
panel nenbers having favourabl e geonetry/configuration such as 15 avail abl e
from sai d EokeVamventpve mopmct strahs€ap bergd high Pracdihsal cvale. to

. . . . . v
investigate variable one relative to fixed other of co-operatrive re&f

| ocat of s semiceaasneabor diuwdi egedh dbr-aradugek £1,9631 i .present results -
functionally, usefully graphically, in |ooki ngiE O?Q?ﬁgﬁgff&% 2GCGEPFaPE 8N of
pref er abl yasdmatHied srechani/ea! ddmedanc It _can also be of high practical
val ue to present results o( this I nv st?&éﬂ °0n OYCPRReF Rhbexsisstaesal

distributign o ' ti dance or_deviation thereof, conveniently
19 APR 2002 8 ?ﬁgggg?ghg‘g mﬁ%ﬁ?v?%ti ndi SRRARK r Sipskesand aff adatirbase

bet ween, 3;1%11 Q:r.OV\hi.ch it icf a matter of choice whether to apply sel ected

val ues and/'oF 3¢ PbrMialEd dmtepdingwave attiondo no nore than have

rel ative step-w se gradations 5 indicate at |east best and worst |ocations,

say within 10%&r hess keeps pamy iftwlehdry aepeabd iehedveRkikoNq 881 £951 v

geonetri e[seﬁrom'.si ng for acoustic action involving bending waves are

i nvesi¥i gateddegsiivg a resmmaret of mode hadkeaak tiBedaRe 8,10 ﬁéPPlféé‘gs

transducer | ocations, and such prom sing geonetries are further

i nvest i gawddhi nar eleaisude t @fus progi S ransducer | qcati ons,
SmObt BHESS PIOF HRRk %Egﬁsf%ry/g

such investigations being capable of application ¢Cunu REceshe vel y/

recursi Veh)ﬁoﬁ@tié”Ydéi@J?&éedc&?&fﬁ?e&); f4d h%rser e]:aingi ngeof

sults of such

correlation in terms of acoustic panel members involving
bending wave action constitute various other aspects of
15 this invention.

Underlying inventive rationale or concept involved
includes appreciation that, for active acoustic devices as
sources of sound, 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 is
concerned/desired. Deviation from flatness of output is

actually readily compensated by suitable electronic signal




15 both of prom sing geonetrical paraneters and prom sing tranqucgpp 2002
| ocati on paraneters. For substantially rectangul ar panel menbers“and”™ =
met hodol ogy, sinplification based anal yses invol ving superposition of

ort hogonal beamtype functions, and with 2o .reference to | 0% snoot hness
criteria for nechanical inpedance, have confirmed and refined cal cul ation
for one known preferred aspect ratio, specifically 1:1.134 as taught in
above published PCT application, to be at about 19 APR 2002 9 1.138:1;

and refinegh®{ORMihONaLEc [ es, f ransducer_location (4/9, 3/7)

thereof to about (0.%’40,%?41531%(3}2%;0%%?%%% %gwgvgr ,O%%uit‘g?‘f’rﬂbl‘?ﬁ‘%m

subst anti e.S transducer | ocati.on co-ordi nates, 5 anal yses hereof

have revegﬁgzgé{de%r{r.:eoq h%r.ngpfgﬁﬁgpﬁé%{sﬁ&ﬂo%‘ti o, specifically at about 1.41 to

about 1.47. IQEgFraCti ce, particular investigation of 1.47 aspect ratio with
| o

e -
t ransducer SIEHS sb‘B%g‘éﬁti‘e{llelét BEGar t MeTiRer £o-andi nNarangsbeidn ons)
(4/9, 4/9) led by cunul ative 10 refinenent to aspect ratio 1.41 and

t r ansducdfeaRs oreff nad@orsEari odevi.asss, GorusSerneddeeend o appresei aatan t hat
there may be considerabl-e inter-relationship between these 1.41 to 1.47

aspect ratelmtiaredwarsmallt r ansduesiadOsabiPnSsmbbths aiParthtdves .
i nventive aspect hereof that a 15 substantially rectangul ar panel nenber

(as or i IncdbrdiQily C deyicerpad ﬁﬁkﬁb%@sonhgﬁggﬂggg :’%ﬁ’%@ffe\é%[@s[sag%f

substantially isotropic as to its bending sti

directi onfedi@dse ct,rsatd f .41:.1.t0 ,about, 1.47:1; and anot her
parti cul aIEre aspegcgla o¥é| n%gr??iég%%%%giﬁgioﬁgﬁ B5hP25¢d- Sy gmdar ducer
| ocat i onsc) i rl\ﬁ%lt e substantjially_0.453 and/qr, substantially 0.447.

Nbr eover O wo er proe'"é%’f)natb’f?/n%#%ﬁ si AGCIYPRRE  RATS rlar i s @sendiged
fromfurther devel opnent of sinplified 19 APR 2002 10 beam type anal yses,
nanel y alfiAmety/sapimuration (geebherswi2gpectbl vatiaasdamédr docald ons
at (0.41, 0.44) and (0.403, 0.406), respectively, again with expectation of
usef iff | fending avavashtpanbéueern bacatiohds)aspech radi dh SteRfs of

particul ar transducer locations. It has further been established for the

pur poses prfoddrits onatenté®otdithat @€ haps particularly for panel nmenbers of
favourabl e geonetries/ configurations, including such variations as known to

e o e B e S TR R S
determ naly Qfksessing smoothness of power transfer, conveniently and
preferentially input power transfer, it is practical to be
15 concerned with deviation from some useful condition, state
or value, whether of arbitrary or of relational nature.
Thus, analysis relative to same or unity weighting of
whatever resonant frequency modes are concerned has
produced useful results, as has analysis relative to mean
20 value(s). However, selective adjustment of weighting etc is
also seen as useful refinement, for example at least for

end-most modal frequencies involved, particularly lowest;

and feasibly more generally or otherwise.



wi thin nore extended areas that are generally favourable in terns of

transducer |ocations. Indeed, there is strong correlation betweer §iZ&€R ofji?

such areas, particularly nedial 15 but off-centre for panel nenbers with

i sotropy of bending stiffness, and favourability of geometry/configuration,

t hus between what mght be ternmed truly significant high specificity and

unfavourability of geonetry/configuration. At |least for the latter, it can

be particularly valuable to 20 utilise agconpanying anal yses by scrutiny of

power output w Llﬁ_h{r% uencg and/or finite elenment analysis (FEA) at | east

to assess |ow fretuentyIHERGYi tPdeAy caBCPRBRE4invelukdst amt ap@sivit ang f or

anal ysis of transducer |ocation as 19 APR 2002 11 above (or bel ow) and/or

of overly PRISRAMANG cBeFRPE ABdedd oas uselisk dmanechiRingY phaediad v

cl anpi ng/ danpi ng or for conpensation by signal conditioning. Interestingly, -

for favour aBRElsubstawiidlicationt anguthr geonRiInYg C QM4 18y ald o%fﬁ bl e

edge adj acent transducer |ocations are indicated on basis of nechani cal

i npedance dhaeastienad! i wstulas] deadt &o THLLROQYRa1 NdiGalked, ligfgﬁr‘]ﬁ{’\/,%ﬁjs f
e o]

techni ques utilising inherently two-dinmensional analysis, al'so

mechang cal dikpetdaoas DEespldyY cerfir i cagy of aboye 10 aspect ratios-
and transducer |ocati oglg, i ncl udi (r%g% pr mﬂé% ng%?fel a??@%ﬂﬁﬁi S(,Srléf%g an@®f

extended agg8BRstaWRSL or r hitherto favaqured aspect ratios, thus
ef ficacy of sucﬁl net Egé’ol og;P%%{‘fg?%‘é%?fs Wi ch"mr?gni f esefdErs .of a Foder al

nature evep.jnecluding.converse approaches identifying 15 particularly poor
areas to bglggg#ggﬁagéf’ntrfr%{ﬁhl o&&tileRtand/ Bicespect achtiicsedf Law
prospects (albeit then capable of indicating possibly or likely viable, or
best attai ABBFEEFngl FeiChimacontvhat i BA97YDaasdycer ireQaldiong | Nfirst
unfavourabl e geonetries). 20 It is of particular practical interest that

hitherto kf@Whifdesstipnomediatgive worsi eRS®erof oFOYe HEMRL  ko¥es in
geonetries, such as isotropic as to bending stiffness wthin square or

circul@r beaeblar beam addrewbsbant iadld ¥ airkdtARR 200 ceptral locations
of transducers, continue to be indicated) as ?oRor cc%r%el?dnatll%tn%’f Bt fat

much nore msde®st RRFGMefeRdst [HNS A caLi can now be_jdentified even
to the point of viability ats I eas%ll?ngSép%rgé%ggigfaattlove"r‘gpT‘?’rﬂ‘?%%llgnal

frequency famnges . Qut p, ponses. |lnventive ngethodol ogy hereof and
results obtai nab?lgglgla gt a eo'%%?:ourﬂ?r%f cbi; y TR oreedkidgiey fobm

free or o ightly danped to npre strongly danped and constrai ned
i ncl udi ng%%%én%ed“?%l?e%i AP prifiRe jinclyding revealing and taking
appropriate account of more inter-actively related resonant

15 modal frequencies.

Preferred said characteristic(s) relevant 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




10 anything, now highest (and practically highly beneficially sol Bngf? 250
rel-ation to actual physical inplenentation and presentation of acoustic
devi ces hereof, particularly in or as panel-form | oudspeakers). BRI EF
DESCRI PTI ON OF THE DRAW NGS 15 Exenpl ary specific inplenmentati on of

met hodol ogy enbodying this invention, inc¢luding results thereof, is now
descri bed and detailed with reference to the acconpanyi ng di agranmati c
drawi ngs, in which: Figures 1 is an outline diagramindicating basis of 20
speci fic ifiptererimiton hereiddn Fegyiag? bAadidaies hatidpalss) Bbonant
anal ytical processing hereof; Figures 3A and 3B are graphi cal

repr esent ahbans 8F belAARR 4802 L3cTBehanicala) Medanca, uiih fre yeaqy in

substantl aI |y rectangul ar Tsotropic panels Starti ng w

rati os; B and C, hlcal | lustratiops of a_5 neasure of
snDothed y%an|c§1 |npg an%gvfgg § |on7e%%$%%ﬁ| BPWHar ERYGPERPLe

t ransducer Iocaél ons E i ndi cate useful aspect ratl os of rectangul ar

panel s; Fi'g# OFAF IRHHhPREI 59 | BEeSERE o sudit sonfupesipoadly , known
partlcular panel aspect rati o and known 10 val ues of one transducer

| ocat i‘on ol hat erephieeddni.gatelative ©f variathemspedair drattes BiEgur es
6A - D are graphical illustrations for another previously unknown

particul arggrerdl agporetndidad asbhag@owoncairnes afn oDeokiAgs el mb AEALI ON
co-ordinate to 15 investigate values of the other co-ordinates; Figures 7A
and 7B ar eofjedwridtddorsi mlar to Figure 3 but starting with other selected
aspect ratios; Figures 8A - D are generally siml ar to Fi gure 4 show ng

confirmation ofIrgqp@lqé r 3k i | G S-disef ul ures
8A, H and also i nd| cat i %glr?ur Ph%\y g??r%\hsﬁl% a%[tao i o%ngl ‘éﬁig%

are areal t ot f .nechani cal .i edance rmnst ti.n transducer
| ocati on c]f)&grg" I na e rical lmpec?ance are use Efna gPraCtlcal

10 transducer 1locations for particular desired geometries/
configurations and/or stiffness distributions of panel
members for acoustic action involving bending. waves,
specifically and advantageously without limitation to panel
members having favourable geometry/configuration such as

15 available from said some inventive aspects. It can be of
high practical value to investigate variable one relative
to fixed other of co-operative areal locators such as co-
ordinates of transducer location and 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



19 APR 2002 14 determination for panels with aspect ratios indicated in
previous Figures; Figures 10A, B are quarter-panel areal contous qplets>iar
snoot hness of nechani cal inpedance fox the aspect 5 ratios of gt‘juf”es‘ BRE-
D, Figures 11A, B and 12A, B and 13A, B are also generally simlar to
Figures 3A, B but for boundary conditions in which all panel edges are

cl anped; Figures 14A - C are generally simlar to Figure 4 but 10 rel ated
to Figures 11, 12, 13 and location of prem sing aspect ratios; Figure 15 is

sinmilar to Figgresol®ad- maneeat itee tadike @SPest Jid® af,Fi %ﬁa&Ahs'
Figure 16 shows graphical conparison of the frequency 15 respoinses of

Frgures 17A- T are auarier. manel contou pIATESht Sheclii o “PapERAnEe

Figures 17A - T are quarter-panel contour

obt ai ned by, I denrd [qpa i s/ met hodql.ogy; 20 Figure 18 is a
| ar ger scalaeﬁ%t}}arter-%ae'r?(;lr{%ont ou%pcg}l%f g? Hgfﬁ'ﬁ‘%lég TehRbhVe et hererangest

known favo b pect ratio 1.134; and Figure 19 is a correspondi ng
t hr ee- di nehgslﬁoén% 8§| ot moﬁelé&‘ﬁﬁ?%ﬁ? F& IPARNCUBARPEVEED MERFS) t OPnSHE

| NVENTI ON I.r}_ﬁ:gi gl.ére 1, an actjve acoustic device, specifically a

di stri But ed HHGE &c fbsth®2 Hankestenndr weoisl elecat i bnexcigayngritiansduger s)
is represented by block 10, 5 basically as a "black box" wth electrical

i nput 11 siFmteeBofteReh an audi o anplifier, acoustic output 13 shown in
phantom for in-principle conpleteness in equivalent electrical terns as

driving resistiVve i pethere depdct anthf NAiriaAdh O oQf hé-LL s ggéc%ﬁggfiglsso
y 1S

in electrical ternms as |10 resistive | eakage path 14 to ground:
nature as promivshyr €cxuf dbshspidY aleifdn t9n§8999§1§ bgdggén!g%mve action and
node  at

afford useful acoustic coupling to air, a resonan stPYEFarfete

component  ghveBt2gKeBAX ueihdV Ll V&L OV Shec a%ci’caliemijinggd\éﬁ\c/:g for

10 promising transducer locations, and such promising

geometries are further investigated in relation to use of

such promising transducer 1locations, such investigations

being capable of application cumulatively/successively/

recursively for any desired degree of further refining of

15 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

20 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




15 transducers along with usual couplings to such panel generally ha).v'_,JQ._J qu)g\é
| osses; and overall |oss represented by path 14 tends to be | ow, idt Aeadty
conpared with input and output power at 11, 13 - which would be good for
proposed anal ysis whether or not snooth, but does also tend to be 20
reasonably snooth thus further beneficial. Figure 2 is believed to be

hel pful for understanding basis of analytical assessnent for which worked
exanples will be given relative to laterg Figures. (Block 21 19 APR 2002
16 indicatesiagfirst awsefuly {se D, t c(%m_ﬁ_ 44,0 t he
above-nenti oned plEJb| i shed Pg'f(%ﬁi cgtri%on, spcgﬁ%f?cal y oolkrllantgesat sf;?a{:ci ngs

of resonangrgyggug‘:égqueQgicggiohndeﬁg, guch jm)pect'hgfgggg]s:ed on angl ed

si ngl e di mensions rel evant to fu meEnt al ™ fr'eque speEPfi C cS}”:as

for notion hog beans rallel to _sides of a rectangul ar panel
menber , is?é) h%%:ﬁ@é‘gfﬂ 'Zlg\? a%ad?'E}oBf cBEweYeri nhéngnt BFast iagnatfaios t hat
i's positional Ié/ one- di nensi onal though capable of [imted two-dinensional
appl i cati o%‘%% 1L Y eqltlepicysambr X uner t wecditiemsi cpabrtiieatesnt i s
indicated at 21B, essentially using inherently twodi nensional equations of
vi brat}on #palhyse®es. haheofiexbavadi cevedletiagandRheepr peenisingveskpaati on
of nodal distribution and nechani cal inpedance, on the one 15 hand rel ative

to assunedratial ospecifiextiyenast ebogach node (22A) apbu€. W hhout 1,
application of any differential weighting; and on the other hand taking

account ofpraestldd) Ugsak2ZB)1aPr @‘,ﬁ;@é}{yg%g#g},f W her gsel ie%%_ a?"é st ment

for end-nobst nodal frequencies invol ved. urther stage %% orin 8ctive

assessnent, ofy estiNRtfhdECcha. cal gg)n e IS _i.ndicated at 23, .
specifically as T o ASpes rgﬁryg(saroéﬁ%{)% s%@%d@é‘i XCafﬁriQEQEBEfBFPH@te
transducer_positions (23A) .and gs . to /ecific transducer positions 19 APR
2002 17 reTGt M- SspROELFAPR §)(23‘3).9'|\/bré/%becilﬁdca|my, spmudatave
frequencies of natural resonant nodes for an acoustic panel menber is
readi 1§ i MRSINPRANYY B9 @sPest sdfival ldilf andndiransdiatesi so-ordinkte
last(A) .- 112 SEE(A) :- ~ast(A) - 3~ ~~A+t '"" An ~i - 2'An~ n=1
where An adracatdsurmnd . 468¢ Or.af2encimiedd geavappedciat idsc it gt RECR! .
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




) 2
10 Appropriate refinement regarding investigating spread of r esoh&nt’Fifpdal
frequenci es can include considering useful sub-groupings according to some
characteristic, say of a nature involving symetry. For exanple, for
substantially rectangul ar acoustic panel menbers, and at |east relative to
I 5 orthogonal beam sinplification, the SEE nmeasure could be in relation to
odd- odd, even-even, odd-even and even-odd subgroups of resonant nodes o
i ndi vidual ly for such sub-groups and colibectively by melghted sunn1ng, Vi z:

f=rnoo( a)beamf ot ~ahalyse. 'na:ltneZ,LOY f O&bggg 1,3¢. & Az
Z~En?n§a g; ~qo0) émggsort( A )825 F~(a) for , peE O Sn g ouf f& QSe

a oe 1,3.. P =
g :230 %rlqtébgstohezr" w1EH( avf:bg@ t?ca%s%Q{;c]e( )a.)grcnaﬁ)lo(q rt(g ﬁf) 0. fé APR

2002 L?aF@éBE?Q()?a 4&35 60%08?9 Qc‘espectlivéclo};, qagaln w1gh exgectatgon of
useful inter-relationships between particular aspect ratios
5 and particular transducer locations.

It has further been established for the purposes of
this invention that, perhaps particularly for panel members
of favourable geometries/configurations, including such
variations as known to arise from anisotropy of bending

10 stiffness(es), the above attainable high specificity as to
transducer locations amounts to refined determination
within more extended areas that are generally favourable in
terms of transducer 1locations. Indeed, there is strong
correlation between size of such areas, particularly medial

15 but off-centre for panel members with isotropy of bénding
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



2 2 sort(8) aSEE(Fmoo(a)) + bSEE(Fme~e(a)) ... +aSEE(Fmix1(a)) +18 AP% zog
dSEE(Fm x1(a)) SEWa.a,b,c.d) := a*, b+c+d The val ues of frequencies of
natural resonant nodes and 10 their distribution or spread depend on

mat eri al s/structure and geonetry/configuration of panel nenbers concerned;
and indicate suitability for acoustic device application, for which
evenness of spread distribution is established as being ' particularly
beneficial. There is, of course, no acceunt 15 taken of transducer |ocation

at this smm@yeF%mrkB@mawpe%gﬂgq; wgefLeqgye nd, correspondi nq shape
of bending wave vibration can al so be ﬁng ?P g%tgﬁg%necﬁﬂﬁ?%% NHdRPEEENce

Eaﬂﬁbganw@#|4Eggﬁhf@5r§gé§3%%U59jggc ans%UCﬁfglocatlon (p, (D E§§'~29

~ ~~"~P.q I a iy t he. square of .t he anplitude of the nDde shape at
t he transgucgggﬁgbggybn ncé%ﬁgﬁ' FRPA R BNt sSIRfev@®Lbngby, dafipr ng.
Plotting %@ % %g aph can faC|I|tate 30 finding snoothest response, or
t he root RUEE ﬁﬁkﬁ%&?%ﬁa%kh Be Stangeliagatambratary AcSPELytigh sRnge,

say for mninma of 19 APR 2002 19 a(.~,~1) ~ X ~"(~(lYm~a~~~Tl)~))2 5
i or 6f Viable edge adjacent transducer locations are indicated on

basis of mechanical impedance characteristics/desiderata.
The above-indicated alternative techniques utilising
inherently two-dimensional analysis, also in terms of
mechanical impedance, generally confirm efficacy of above
10 aspect ratios and transducer locations, including promising
relatively discrete and extended areas, whether or not for
hitherto favoured aspect ratios, thus efficacy of such
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 1likely wviable, or best
attainable singly or in combination, transducer locations
in unfavourable geometries) .
20 It is of particular practical interest that hitherto
known 1least promising or worst cases of most symmetrical
geometries, such as isotropic as to bending stiffness

within square or circular boundaries, and substantially



~(,~.n) ~= x' ~~" (W bs(~Ym(X '~ ~1)~))z i to representing applicatd diiibfiia
wei ghting function. Wiere the resonant node frequencies are known, but™ not
t he correspondi ng vi bration shapes (or sane not nodelled and taken into
account by choice), investigation of intrinsic nechanical inpedance can be
i nvestigated using the formulae 15 Ym (a0)=} ~co~ ~~' P4 ~ ~~p.a~2 ] +
2~~t;~onp.a ~a' (.~ ~) ~=5 wxi (1~!.,.~g(lYmM (X, .a~~l)z i 20 which can
be done without reference to any parti cul gr transducer | ocation by setting
Yp,q to unity t]!Refuhts g/i.ll not_be as acddrate as for mechanical admittance
taking accolnt ot t FrRNEAIORF 1FcakTRARSAURETHI | Icobs ishewero t hanialdvat 28
investigation of mechanical admttance. Figure 3 is a graphical

r epr esent at3dDrPYPY v EPMRENGH ignsof bt hahat amuichp edaec &Mi hbsE I QH8RRNEY ng
choosi ng rectangul ar panel aspect ratios expected to be above %1.527),

bel ow (0. 838)angNeRE wdarqtlic) capi i mom f Be USRS 1 BEQUStd 30 3Ct L QD

substantially isonetric panels. Figure '3B shows real and inaglnary

conponent s pefintheofrevhabitakyi npedeasse b9 ARR 2 r the .. .
i nternedi ate aspect ratio (1.141). Generall y@s:‘rrg(%g)% nlgﬁolugrée)l‘é ﬂﬁi Lifaited

frequesci e ard i nce resonance nodes at | ower
SRR ng@@dawp&ﬁﬁglfgég?g%

frequencies is inplicit, as alread Ffshed fromthe above

publ i shed PCT 5 aRRid [0 r{i.cul arly distribution as evenly as
practical. Figure 4A %Ia{)ét s%gt%%aiod‘roegy( Sgércﬁ"fst aReareseitat i dptatnable

mechani cal _j gpg:d?qgé:e agail nit aspect ratio for a substantially isotropic
rect angul ar panet -refbeP Wit IPh POupAeryr reenditdmnduceany bogt ifawnd rired he

above published PCT gi)glzl cation, specifically at proportionate |ength and
wi dth co- oPdi n@¥s (0 44t ly. 4dempegnd tsubj motet osarsmBLYhi REAmpREE OrarR
10s. Expected opti num aspect ratio of 1.134:1 is substantially confirned by
one mi ni nuRPBPLERANEIdot including clamped for which promise is, if
10 anything, now highest (and practically highly beneficially
80 in relation to actual physical implementation and
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 is 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



]

15 However, other nminina appear, particularly one of prom sing degt&Pandil.
greater width, i.e. less sharply defined, specifically bottom ng at about
1.47:1. Further investigations of these aspect ratios for standard

devi ati on of nechani cal inpedance against 20 proportionate co-ordinate

val ues for transducer |ocations have led to useful refinenent of the

| atter. Thus, for the aspect ratio of 1.134:1 of the above published PCT
application, plots of Figures 5A - D in Burn set each of length and w dth
proport i onaeeehemdrsduceimpedanton Gort125 @¢di t o; 4 he g5t h

val ues of 3/7 and 4/9 and show 19 APR Zoggqg?hggqbgﬁgotﬁg 55 gg;%iiy
devi ati on e&cam ab@aliédﬁ¥3¥ﬁ e h r. prQportionate co-ordi nate,
i.e. of width aﬁgﬁlength, respggtPégF§% %ﬁggggﬁﬁvév | a??gﬁgt?@sﬁﬁqu¥
refinenment ~g¢ibe 0.444 value to 0.441 and of the 0.429 5 value to 0.414;
and results of listening tests have shown noticeably inproved perfornmance;
both subj ectiveky _and objectivel y within constraints and |limtations of
such measurenent ~@xar&i SY. h@nélé%saﬁﬁ grgphisadaillpgtitediicos of a
investigate the 10 unexpected aspect ratio possibility at its m ninum val ue
of abolt 174771 EThePt esfMePifiedal usechanitahgt impedanicdt h paepestienat
co-ordinates of transducer |ocation are 0.453 and 0.447. Further |istening
tests have'dhibdhieRrelficantparioiiskas otransdstér DeCheiBHAC %o a{lﬂdigstleesser
curvature 15 of the mninmum concerned in Figure 4A is believed to be

parti cul arkgefulaaspgevusabyoseasopetBehydifs gghefl, practical transducers
i nevitably having extent beyond their centring at pafticul ar prescribed

positions. The Fiyesésgad 00 IEpLESEN { gurse 4A was, t hen 20 repeated
for the transducer |ocation co-o?’ina%ggeg¥%££ %ﬁiﬁ%ﬁfﬁ%%ﬁﬂ%ﬁéﬁFésoBﬁ - D

and Fi gur { 5 a S hQ in Fiqures 4B and 4C, respectively.

Fi gure 43%3ﬁ3§??%%¥ t 3%%##%%%??%rgfh€%ﬂﬁrmafaeaéw%ﬁqah ghdndghawincal
19 APR ZOQ%lqﬁﬁ;npqgénces bottomi ng at the aspect ratio 1.134:11 is
deepened arl Shar pefied, SHer edsF3PEAUGRT 1. 4dpcation esscoleerd mmt shar per .
This, of course, correlates well with the greater changes of co-ordinate
val ues ar iSIVFHI9 &i (Riwe of grhe orhempeosurdindtdj gures 5A - D. Figure
4C produces a refinenent of the aspect ratio 1.47:1 to 1.41:1, including to
a deeper ni ni mAAgHres aflar dDdeveairaphdtaleshanisedatiRedante. andeher
interestingly deep mninum at an aspect ratio of about 0.72:1 is,

course, clpasyitansleci pnnoin 18aken chldk bariuhdedle 2xpegt ey it O

the indicated | esser mninma at about 0.66:1 an N~ Fi gure ;

perhaps paaived arlgg i n gHLEW Gf i a littl.e dowmnwards..in Figure 4B
there is closeness to the reciﬁéﬁggégﬁgr &ﬁﬁét%ﬁith§QQﬂﬁﬂ%9E?9HJJFQJ:1

and lygwer iﬂfve%-tjiﬁg‘;(ée B8 L3 t&gesp (i%lei‘a‘%/eclr%'ﬁl deed, much as these

processes of refinenment, 1 ncludi €8ican be of value in
optim sing for hest avaj] abl e acoustic perfornmance, they appear to be as
val uabl y vi ewed 1% md? ofTPhdT R aBirRg Fenffad 1of stmidaratticonFigurei abl e
acoustic eration. Particular nerit arises irn-identifying areas of viable
| ocation POF SE&Fsduce wikda e hare medwstesh espaldty dairigenel nmenbers with

favour abl e geonetry/ bendi ng resi stances, and further for
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
pPromising aspect ratios;
Figures 9A - D are areal contour plots of mechanical

lmpedance demonstrating transducer location co-ordinate



19 APR 2002 23 optimi sation of locations for two or nore transdyger: sieans,
on .the sane panel nenber. However, at |least equal nerit arises in ' " &%
identifying best available |ocations for transducer nmeans on panel nenbers
of unfavourabl e geonetry/ 5 bending stiffnesses. Much the sanme applies to
identifying worst |ocations for transducer neans, i.e. as to be avoi ded
even where high acoustic performance is not deened to be necessary.
Accordingly it is found to be useful to present anal ytical results on a
relative basi ffectivelLy in |10 percentage ternms, though any particul ar
val ues cou?%t%gnglﬁlﬁ%lléadj, géﬁ PR sWithn aREMe sBBAOss indiaktedt irs the
case that favourable geonetry panel nenbers show | arger areas for likely
viable-to-55837%%%ﬁ K Sns for transducer neans, and unfavourabl e
geonetry panel nenbers 15 show smaller such areas; and that edge | ocations
are confirnmed a§“@Mm@&alQhou§hqmarqmmrtEWﬂmihglb%&bausegoheoggi%gdm%
ensure sin%lar excitation of resonant nodes that useful beam base

si npl i fi cafpPons shodtbakesas ofel ateHahocdi f f engBl mekghcal es,

Mor eover, due account should be taken of avai?ab?g%gowg?&gufgﬁ%,%ﬁﬁ%%ﬁEr as
to | ows bei ngtdoeepfapliguies exenngss of excitation of nore resonant nodes,
or high being preferred even at cost of fewer nbdes excited and/or | ess

19 APR 2002 24 eygih¥seXxghhed. pHoyeyer i gher nunbers and _nore evenness
are usually assoc?ateg m?th'sn%ot%ﬁéssl%g’po r?naﬁdigée nBst 3F€adayo

conpensat g fl.at ness by suif.abl e electronic input signa
conditioniﬁaﬁgg?i?Zasfé&Hng poRer FASUEESCi 8Rey iB AL nefersaboupdery

par anount inggr%ance.,Figunes 7A, Bindicate arriving at the aspect ratios
1.38 and 1SM9IEHGRENLR WhiRht phhsHaRe}l edgesi anecobadpedies (0. 44, 0.414)
and (0.4S5, 0.452), respectively, see Figures 8A, B, by a route as above
for Figures 3A FBIgBest d4Pbut Gtawe i gendralyspentilant tes Hiddde 4- p3¢ and
1.762. Interestingly, however, further indication arises other favourable
aspeci? r attebatedaliout Figirasd 11,2, 1) t h 3t r agAGdUCEEad QGAL icgpcgg- 83%3@ es
(0.41, 0.44) and (0.403, 0.406), respectively, see Figures 8C B e
mechani calagpettpedenss; pl ots of Figures 9A -D are general ly usefu
regardi ng the transducer |ocation co-ordinates, as is evident by inspection

for all of abovg;&@spechsraido k.6, 1.2738, 1.41, 1.6 (taken as refined to
1.62 or during re mem%r?t a%éo %‘f“g;l%lﬁd%f. %8]@% é&Ar et i RedF iRt vSs6t0r 20

during refd Generality_ of such usefulness is manifest in
sel f evi dentj’tﬁl?(-J e%%?? R HR OF EtukeidAudi ng precisely cal cul at ed

| ocations. At |east where such areas are |arger 19 APR 2002 25 than
t ransducer dimﬁiﬁ%ﬁ%,16o@@oy?dgﬁﬂﬂhﬁ¢&&n99¢9§Fisom005etﬁu¢eﬁte¢uehopg
with tolerance of actual location without losing viability. Figures 10A B

are ddart &iegRARFe onfovapiais aspeethantdal pamelancenddvididPnehoset he
aspect .
of Figures 11, 12 and 13;

Figures 17A - 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 is a corresponding three-dimensional plot.



Sratios 1.41 and 1.47, respectively, and establish credence for pychsrangs
! . . o 1§ 2'.,\,‘&

af fordi ng good transducer |ocations, see substantial extents of areas of

| east/ snoot hest nechani cal inpedance | ocation (cross hatched), albeit

wi thin which further precise calculation is avail able as desired/useful. 10

I ndeed, this technique lends itself readily to extension for investigation

of best avail able transducer |ocations even for panels other than

identified as favourable. ldentified such |ocations may well have nore

vi abl e mec RARTTAULARTEMBOBEMENEYS )f G5F DEfk efn@sReebnr ati o 15 panel's, but can
be viable at |east for sonewhat |esser frequency ranges of operation. It is

al so feasible toni pygsted g§'§ eayi {:gﬂ,gyag%slaqlénq%r g%(%:%)gd%éiﬁgggi%gh%cgusti C

panel s, ranging from substantia ree or only

speci fical ; ib Ln th ove published PCT application to much
rrgre const?g?%‘gh},g@%%ﬁen @ %!Frpe%fzg}l%gégd, %pafré‘?]:r efie Iercgcpﬁ%ﬂ‘l?ﬂaﬁi%e po¥itions

have even Qg {]t.'li.lgenti fied for z% ircular panel at (0.8, 0.6). 19 APR 2002
26 | nvestiGarT o Df ASHESEUFSEISS f ob St uITSPRESAMRE park s, bdocki ghlg,
suitable for practical |oudspeaker equipnment with preference for rigid or
seni - r1 gi dP2 tPRga hadackyvdell pitbi sdlectal cal atiegutaviaur ehben5
aspect ratios 1.160, 1.341 and 1.643 together with |ikew se precisely

cal cul at edf peref sveht aal auddies campelri f Deaf | aBoaseidi NAGESuE 0143 Ghdhrft 1),
(0.385, 0.387) and (0.409, 0.439), respectively. Figures 11A, Bwth Figure

147 Fi quipisariiddy Booit h ERgprendfiphand Eodl eeeddds B Yhih 40, £ oHLe, 14C
or Figure

denonstrate application of anal ytical nethodol ogy as above f 3A,

Hetc in condddmidd 0ne 8fmy al;uesydust péei isee 0.t he quarter-panel
mechani cal i npedance plot for t ﬁéq'zlsn cf%rgg Fé% .1%@%%%‘655%5&%& Rt ent

of areas 1 S Ofet ducer location, even t 15 such separate
ar eas, (c%rgd;g%at{l%]r{adéf. {ﬁgdé%a ,“fru%ﬂsﬁgsf&rlstonel%sﬁ EFtracpd, tEITEB 39

free near-free nel. edge conditions, the actually quite cl ose aspect
rati 09{1. 16]be§ldsrtléﬁega§€d‘a&?gé’aﬁ§nél4$ LR FERUNX-0 have significant extents) of
at least viable transducer 20 locations -.and is itself postulated as

havi ng subst antBYal 1£8| @tatie as |aastiwiathide kebf filmdeeadiyngspaLEi catbarity
of transducer |ocations. Figure 16 gives revealing conparison of above

pref er ent isHPREiANpbenddygg aspect dcti®s amb AFARR 30602F 21 tdaRaducer

| ocations, including further for above aspect ratio 1.138.
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 alsoc 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 relative to later Figures. Block 21



Particul ar exenplification is now given of specific mathematics an
cal cul ati on/ conput ati on supporting above 5 given results in terns s d%ﬁb’”k
row of - eigenval ues corresponding to investigated resonant nodes, and
snmoot hing factor - useful angle definitions - specific panel paraneters and
rel ated expressions 10 - displacenent functions for different

(freel/cl anped) boundary conditions - length/width fractions for

proportionate transducer |ocation co- ord| (?at es along with forrmula invol ving
mechani cal ih@gg@ nce 15¢;3. Lhree hani cal i npedance fornulae - two ratios
of infinite and finite panel i ‘WP %’ée?%%?viiﬁg S@Fge cxteatti osonarth to

t ransducer hgca i ons all jnt endedl W t hout prejudice to generality

inplicit if app @aceh ’?F'et? epned pyubAprhedoPCIs @M&ﬂomalgp&@@cally

ei genval ue ..14q9g:~0..14 ~- 10 ~ ~a ( 2 .1)27bap0sO
7~ 1 =100 B hng at~ Spaclng%anlﬁ Z elyogiarnits lﬁodélQQ%qﬁgnéle§ 8. 8ddg W s
pQ~4kprr|:~o~:.BArsayg~~:cw ~ - cosh ~t

such inspection based on angled single dimensions relevant

5 to fundamental frequencies, specifically as for notional

orthogonal beams parallel to sides of a rectangular panel

member, is indicated at 212; and is, of course, inherently

of a nature that ig positionally one-dimensional though

capable of 1limited two-dimensional application as to

10 frequency. More complete two-dimensional treatment is

indicated at 21B, essentially using inherently two-
dimensional equations of vibration in plates.

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 (22a4), i.e. without application of any differential

weighting; and on the other hand taking account of mean

values (22B), preferably 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



.a~LxLlyj osln-.~slnh~_Co =1 Zftsa ( P. ~~ ~ ~P> ~ C- r~gP;rq ﬁ@z
gosh~7~ Y %b + ~dn ~ap :~ + :lnh ~D ~~~ ~1~ Zfbc(P.1~ a | f~ps O'~EbA <&
~~ .. cw tap ~,~C~ + ~~n 710;~ slnh ~~0 x~~, p~ ~0 5 0,441 t~0 a 0.414

Yo~-ga~C O;~u~s , t 0Zm( c~) s . Lx L P4 ~~np,g~2 "' d~ + ~I~wm,i

"'Zm( ~) c,) ar Ares ' Yp,~ . W~PaB~+~- ~ (~ 2~ ~~iwaaAroa
Ans Z7111(11rO~ - .~r~n WA ~, O~ 1 a) dcflno g. Ln(xwo,a) Ym(x,ac) a j.
~~- 8Yn,gs D4~~~ w-~llyt ' ( ~". 247 ~)' XxZ approx 19 APR 2002 29

TurningIxreﬂaEinattneaapabwﬂrhﬁﬂhk(kzggﬁlne;hodology_specifically usi ng
inherently fully two-dimensional plate vibration equations, there is
sel f-evident poastsi lépecofitakipy agoud @ MpLe RLO-811,possi Rl g modes
of bendin

gresonant modes for an acoustic panel member is readily

investigated by use of central differencing analysis, viz:-

last(A) - 1

< LI A )2
SEE(A) == last(A) - 3 n-; (An+1“An-1‘2An)

2

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
nathre 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(«) = | for poe 1,3..P -1

for qoe 1,3..Q- 1
A m_1+q°-1“'fm(alp°tqo)

No-
2 2

20

sort(A)

Fmee{a) = | for pec 0,2.P- 1
for qee 0,2..Q- 1
ANo po 4—fm(a pe,qe)

£2.3
2 2

sori(A)

25

Fmix1(a) := | for poe 1,3..P - 1

30 for g6c 0,2.Q- 1

ANO po-1 qe¢ fM(,po.qe)
——

2 2

sorl(A)



5 wave related vibration in panels. This, of course raises the mat § & AgiR 2002
assessing which up to given set of circunstances. However, first -
application of such methodol ogy gives rise to substantially free-edge

rect angul ar panel aspect 10 ratios precisely calculated at 1.134, 1.227,
1.320 and 1.442 together with |ikew se cal cul ated "best" transducer

| ocati on co-ordinates (0.359, 0.459), (0.414, 0.424), (0.381, 0.429) and
(0.409, 0.459), respectively. For substantially rectangular clanped edge
panel s, precisely 15 cal cul ated aspect Fatios (1.155, 1.299, 1.309, 1.5,

1. 602 arise together wiz;npeg({ an %re (ggcgt_ipn co-ordinates (0.446, 0.407),
(0.391, 0.374), (0.281, O. 4§9 . 347, 70.388) and (0.399, 0.488),
respectively. Both of closeness ad¥fi }Peenles as conpared with 20 above
ort hogonal two-beam sinplified nEBhogolqggy«anm,né,qé)nt erest and subj ect of
further investigation. Reverting tU8grafysis of panels of any aspect

rati os, fully two-di nensional gbz;tl(é/)si s and net hodol ogy has been 19 APR
2002 30 applied over a wi de range, specifically from1.05 to 2.00 in steps
of 0.05. Results are shown as quarter-panel plots of mechanical inpedance
in Figures 17A-T, in each case by aBsEpehido(Q))AIESERPRhEY{EING W th worst and
best indicated by 5 E%H:hi ng and GresBE(Pakqa) Ngd- SERFRBEGLd)yel y, and with

| i ghtest coal esced f &r# girnd) =127 _ L i's means that
each plot is individual, it is found to be useful to know t he darkest and
near darkest |ocations in areal terns at about 7% intervals, though other
| 0 presentati oAREnY¥adnEsy 9% frequareieseiafl nathetletresdnhat! &icdes A

i ntepyal s . SU .as to relationships.with m ninum areas reasonably
requi]?(ed gél?r aqr}s u%lg‘?%%f)l Phg TSR hé%%%qluf’@ A& ald /atagataire

t r ansduceangedenmeng, c@ifigdta i drl §87 panahe wdnial, P! Q%n{.’ﬁrgeéi- x-al vel
grey scal e_contour basis is given in Figure 18 for one o e orfgi i

pr ef er ent 3P *G8bectSyhtalpiligyedioni cardystia34levand tampicatidnt i @orof

~worst | ocghi@RS j S S, ingly. mostly in,accord with previious

t hi nki ng, na?rlgl ?/(’%#%gést%?f lfg)rsg{j?%g%éﬁ%%*?? Hi eska légﬁﬁiela.s hewdger |
possi bi | iP§rofculaelyr bemsficisl poi MheeBer & SabEOlkcuikd Wb | alount
attr?§ti Ve )i6f prgc{:selg on a corner itself, perhaps even on a localised
ext ensi on-For pPactFeardursss leratianstucdris stegeAPR 2002 31 and i f
snoot hness of pgwe S l-ohede .t abl e reduction of efficiency
of power transfer. n{éix({ﬁsggrﬁoo?h}t&@o\%%r g’?f%g%rgc%eﬁs ?rﬁéjl SHELEERITFCAPIm t he
corner atSkRPE e CicUbendbngewave tibwitden i sasealsos beotmy@E11wd, Sthe
Concentr gfd ar?{c vve%t .ggchani cal '&)rrpedance_(dar kest) at |ong-known wel |
i n-board but eccent r FETFEEARFEnS3Ps Pgl 48VEEtigpEp@sEOr| ABYUBRAGiSUBArat i on
into di scredesdudenr B88atiBAUY QeI haps. particul arly extent of next-darkest
region to splitting intrusion froma virtually diagonal |obe of 10 nore
vari4bl e mechani cal i nEr(eSlcriance from t he pwaf st nearcorner | ocation.

n

Edge- adj acent | ocatio stTips Qr 1 TowestT nectigni cal 1 npedance
deviation is in accordance - : . : nd_é,nmj_ri cally, nanely
i ncl udi ng favouring positi ong'g efati/ng vi&y | V\&,%qﬁ:qg_?- ordi nates of

i n-board o

25 Ym(m)=j ”[ZZ — Yo.9

P q [(M‘v.Q)z - ‘°2] + 2om, oo

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

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



15 sub-areas of |east nmechanical inpedance deviation and | ongest known
preferential |ocation 25 for transducers. Figure 19 is essentlalnyqanophg
representation of what is shown in Figure 18, but usefully in ef fectively
conti nuous three dinensional format in accordance with 20 nmechani cal

i npedance. Exanple is now given of two-dinensional analysis and of

nmet hodol ogy along the lines of the previous exanple for two-beamsinplified
t echni ques. 19 APR 2002 32 EXAMPLE | h9Panel data: Ex, Vx Young's nodul us
and Poisson's ratio of panel material along the x-axis Ey,Vy Young's
nodul us and Poisson's ratio of panel material along the y-axis 5 &y

I n- pl ane shear nodul us of panel material P Density of panel material Lx,Ly
Panel length along the x- and y-axis directions respectively h Panel

t hi ckness Constants 10 E x.h3 E_.h3 G hz Dx 12' ~1-v~'v~,' Dy 12'fl-yv -~

Dk 2 v =1 DxY _ Lx Lx- auen ression 15 , ~ ..~ a
~i f=2-x" D x-~~~ + D Y*° by-é“j isx&[g’%e "?‘T"SSI C% N - ~3X; - _ py~
4' DYK VAv, .'~ ~~~ ps~~! L ksl - " yx~t~~ . D ay= D X'vY +

2'D k whese ot ~y are the rel evant (boundary condltlon dependent) beam
ei genval ues in the x- and y-dir px, p~.,yXx,y~, are

correspondi ng const ant Sc(o[,{,.’?ﬁ: Tzrrpdvg tog Wm(a lﬂl I Y }r ee panel

10 representing application of a weighting function.
Where the resonant mode frequencies are known, but not
the corresponding vibration shapes (or same not modelled and
taken into account by choice), investigation of intrinsic

mechanical impedance can be investigated using the formulae

Ym'(w)sj o ZZ[

15

e fere

o(egam) = [ D x (Wytog(|Ym'(x,) )
) <e>“ (o)

which can be done without reference to any particular

transducer location by setting ¥Yp,q to unity. Results will

not be as accurate as for mechanical admittance taking

account of transducer iocation, and will be slower than above
25 investigation of mechanical admittance.

Figure 3 is a graphical representation of variation of
of mechanical impedance with frequency choosing rectangular
panel aspect ratios expected to be above (1.527), below
(0.838) and between (1.141) optimum for useful acoustic

30 action substantially isometric panels. Figure 3B shows

real and imaginary components of the mechanical impedance



20 p~=py. =_

exer essi on

6 r\=y~. =2 ~ =~y, =7~ where cosh(~)'cos(7~)-| Mode share
~=c | +¢2'S +c3 'cosh( AS) + c4'sinh ( 7~'~) + cbH épgﬁ

7~-r; ) + c6-sin ( J~ S ) where c |I.. c6 are boundary-condition an

node- dependent beam function constants As an exanpl e,
node ofpa fully free beamc 1=c2=0 c3=c5= 1 0 c4=c6=0.982502215 19 APR

2002 33 Rel ative nobility expression The nDbiIity of the finite panel

relative to that of an infinite pane

t he panel
~ ......F ("-
structural
and ~~~~~~
mobi lity f
frequency
VR
I ogarl thmi
removed) i

10

15

20

25

' £o8' ¥He Phrher ale .VP&&?F@&&@M} L) Seneral iyt Boooch

NNy

602

for the 1st fl exural

( D~ I, ) at a specific point on
~ 8 5~~;(j~2.t 2~b

aaduresauu&m@aﬁﬁl&qeh@@hgﬁgsfqg %@%a (friTﬁg Eggggt@éely

1"'~~. ~? Being a function of driving fredquency,
oFe§ﬂ9aB8PntmPge§anﬁFedl@Merj'fdﬁg@eepeebrequenCimplialthe as

rangeaqy | QEfﬁeSéstéﬁflg’i? OEré’Mﬁ‘ ! 8!}',\?E as%%&gf %B}aahggga;\ EET

Tt~~+ t wher e e. --

capRhioakion, th@amucaumwf aebamwtri%l | | gg (Wetlnhhe mgan

ﬁpyggglégi opti mi sation purposes, i.e.

Figure 4A plots a measure (SD) of standard deviation
of mechanical impedance against aspect ratio for a
substantially isotropic rectangular panel member with a
preferred transducer location from the above published PCT
application, specifically at proportionate length and width
co-ordinates (0.444, 0.429), and subject to a smoothing
factor of 10%. Expected optimum aspect ratio of 1.134:1 is
substantially confirmed by one minimum of the plot.
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
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 SA - D in turn set each of
length and width proportionate transducer location co-

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



~tV The standard deviation of this measure is used for 15 identifying
optimumdrive locations __ 1 2 F -F . ~~~{Xf)Z f'~Xf+t)Z~ mm| ‘ine,qp;gig@Z
of val ues given above for aspect ratios and/or co-ordi nate transducer

| ocations is an inevitable result of calculation, and not necessarily

i ndi cation of 20 nore than sone point within a range of viability For 19
APR 2002 34 transducer |ocations areal plots are particularly prom sing,
certainly affording deserving basis for,jnvestigation by experinentation

both as tolpat ehicdghlat weamdaeguliks;Qh janal ytical. nmet hodol ogy as proposed 5
herein and as to actual acoustic pzrrl%fgrl%glnc%ft f%?cm?tﬁaﬂur%ﬁé?e@ﬁnqeés nt

modes couptgd. i §ch8POr . 1 S .reasonabl e evenness of couplings to as
many nodes as practg?cagf. lkelgt(sf‘yonés\}:aﬁ | SO Pt Snal iyt s fof awidels peotd

ratios andyg &{:Hemsnr%est hereof relative to particular 10 transducer
| ocati ons and-owh refmarent’ Sd¥pabi FRe§e carimeestsigat ionsr eveabilbg grigat er

generality 0%. agﬁl i cati on of sonme especially favourable transducer
| ocat i ons/ BT eaRSUENheOf dsheaPt #6441 ardlue t boaspect1r atids o ghbery 409
transducer | ocations/areas. 15 It is believed to be of particularly high

potenty al Yl ¥avECal-idldd @nd sémgl s dbEcilldtien O de@U rﬁ%ﬁg Qi t,
termed herein neasure of snoot hness of nechanical iTnpedance, at i

equal | y capableeably ochnproved i oSPLSHhNhAE: bO al l{gp! e _aspect ratigs and
transducer 20 | ocations, including evident &ap%%it Ity o?nggh'F’ Yveand

[ acation by o mar pr ceturs oy aasen: Py THet dafions: | @bl csoeh

| ocation by simlar procedures using essenti
par anmet er meds\reasd i ee)eéarréiasteisons 19 APR 2002

The plots of Figures 6A - D likewise investigate the

10 unexpected aspect ratio pPossibility at its minimum value of

about 1.47:1. The resulting values for length and width

proportionate co-ordinates of transducer location are 0.453

and 0.447. quther listening tests have shown excellent

promise for acoustic performance, and the lesser curvature

15 of the minimum concerned in Figure 4A is believed to be

particularly advantageous by reason including actual

practical transducers inevitably having extent beyond their
centring at particular prescribed positions.

The investigation represented by Figure 4A was then

20 repeated for the transducer 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



t hereon. 35 19 APR 2002 36 CLAIMS 1. A nethod of making an acous hCA@%VL&ﬁ
rel yi ng on bending wave action. in an area of a panel mmernber, th& 57% ¢
nmet hod characterised by conprising analytically assessing a power transfer
rel ated parameter of the panel nmenber, as a function of shape parameters of
sai d pane? nenber, said shape paraneters being selected fromthe
configuration/geonetry of said 10 area of the panel nenber, the bending
stiffness of sa=d area of the panel ne r, and the | ocation of berding
wave transquﬁghgdcgssahg rea. of said panel nmenber; and selecting said
shape parameters i 'm accord=ite % t AtsaitdCan@SPactal EaEEsmntl36r: 1t he spover
transfer related 15 paraneter of_said panel nenber, the acoustic device
concer ned éﬁ&p&€§ d Sharnaneste wepreaattihat vt hl athi 2viisg 1saisd eguSt i C
device performance. 2 . A nethod of mmking an acoustic device re? relying
on bendi ng2R&veShR¥Pen - i iThbs ar exf ofcomrsanel coerdbateshev@Dl Myhad the
characterised by conprising analytically assessing a power transfer rel ated

par anet er gfreaherpaieingmnbef , casogdfinacti 9a10EsS f&%ﬁ%iﬂﬁ% appLAS %‘i%t.xr%@i d
panel nenber, said shape paraneters being selected fromthe

conf i g8r at 6AN/-gepnebripyapéd Sah €h2 Fidnaaoisd he gangl renbe he ;handi ng
stiffness of said area c. the pane?gnenber, and'tggglocaf%%n Eﬁdﬁgﬁﬁiﬁg

ave [ ansgueenenbhcSyd e est! $aR38°L T5T0 s | Hf1 1Y ) 28 S12P

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 44,
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 viable location for

transducer means, perhaps especially for panel members with

favourable geometry/bending resistances, and further Ffor



19 APR 2002 37 mininumor minima of deviation of the said power 't ffan8Regdd?
rel ated paraneter froma value or relation therefor: and selecting said
shape paraneters in accordance with said identified m ninmum or mninma of
the power transfer 5 related paraneter of said panel nenber, the acoustic
devi ce concerned and desiderata therefor correlating with achieving said
acoustic device performance. 3. Method according to claim1l or 2, including
conpensating for any deviation fromfl atasess of output 10 power by

correl at edoponditaationg of 1beatDpHE Fort RAyACOYS hicked @M ffsdutbe A MBiiod
according to claiml1, 2 or 3 in which the power transfer rel ated paraneter

i s mechani el dH@edanee. pAneMethgrbaccordiag d,0 cLai Dok "‘g&ggi.” I8 ¢
e S ar

anal ytical 15 assessnent includes determnating t an evi ation of

t he mechanj Lpedanc val ue or rel ati therefor. 6. Mt hod
accor di ng %gg%:?gi mf'SiIfil \Aﬁeé%%\q%ﬁie?%evibaetslton Fé’ar"é’lagiqieve BC_EHEdr dR%y
Wei ghting EPQIII%SQ feor resonant 20 f{e uency nodes invol ved. 7. Method
accordi ng to-erarms BFeEs \QbRFPet NESHRGE St Pén Unfavqumable aeamstirwal ues
for resonant frequency nodes - involved. 8 Method according to any of

clai ns°5 tBeRdiREerEiif s 9ss deliughi dihe s spmkatamel tes sebecitd one iviiight i ng
for resonant frequency nodes involved. 9. Method according to claimS8,
wher ei n t heoxet edPras inpisgfidmd ranshpterdnéans end- BOS s @20 hRNtavigidency
19 APR 2002 38 node(s) involved. 10. Method according to claim9, wherein

t he end- nostemestreard higHuGLIDLESpERYBHAAcR €15 0WBst ddbrd E£IENEL
range of interest for desired or acceptable operation of 5 sald acoustic

Frequency modee ey el Ve Cr LR P R bR (LB e S e i ERER g
Si ”plificaéﬁé’i&@fégi)gyrgéuflég' dé:rrlrengiornealla{]fl\trgr ebasis, effectively in
10 percentage terms, though any particular values could be
applied, and normalisation may be seen as useful. It is the
case that favourable 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 locations 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



10 12. Method according to any preceding claim wherein the panel, menber ,is
or is considered as substantially rectangular, and resonant frequetcyFrodi
involved in the anal ytical assessnent arise from nmaking sinplifying 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 frequency nodes involved in said anal ytical
assessnent arise relative to two-di:ner_gional relationships of the panel
menber as Saigdh1wO0ecidi Mgt h di an receding claim wherein

sai d sel ecting i}§ as tgygr' og%év?%‘ge%g’ ogggﬁaﬁenﬁl@?gisd ad%ﬂ%emoﬁ:@nt%‘f@ml%&ﬁs

Met hod acc in aiml4 .wherein said selecting is assisted by
presenti ng%{sl?réi)o ﬁéglggsu sso%lfa\’l@%é dwégﬁaﬁ&%ﬁq%%as%ésmrasamdckmnécal

i npedance of said panel] menber against varying said shape proportions to
show ni ni m&“"osrSt deﬁaﬁ% . 9RTPRBERERC ackovardg t Slatnessl 4byr chivaHdbe
wher ei n saici 19 APR 2002 39 anal ytical assessnment is fax given transducer
| ocat i on( s)BL9CETOEhotRRIEE 0FdBNglt coadytpoadedi ngtclRidar WaaEeekn SRR
selecting is as to location of transducer neans for a given said panel
menber 3 5 effigiency decorati npdensadily bE, paenRivhts Ahbatalidd cal
assessnent is for variable one relative to fixed other of co-operative

areal |ocators Fighres Cmapr i naET 0k téﬁﬁﬁi&fﬁr#o%ﬁg O%%ﬁé‘%g%%%ﬁf%are

presented functionally, usefully graphically, | ooKing ni

devi ati on af, 3pr efagaabljx‘lslrmotg&ge{}:gg_ha igal i npedance. 19, Met hod according

to claim 18, wherein alternate sai asg"('afs\tgqrren ax?%‘i}bcf% al PERRAPRONCas to

whi ch area i 8 f] xed a ich, variable. 20. Method according to
L)rh(iﬁ?t:gé 6\%.44( 0 gﬂa\f\q?%a?

any preceding cfaim wherein's Ortear 4£s462nenrespertdeely,

di stributi qn of, .rrechanigal irrpgjyance of said panel nenber an areal basis.
21. Met hod®SEcErITES B2 aPm RY, whEPBER 88 dbaseecfongFiguassi sizd by
presen%i ng results of said analytical 1. assessment as contour mapping of
ar eal "Yevi §FFon/RaF | %At DT of L ¥ase hasipeatt | mpedascel . 229, Met had sacgapdi ng
to claim 21, wherein said anal ytical assessnent and contour mapping is of

one only ol-768.orImeresiinghy) pruweredf, t Barease ofngidilakyoe t hat
t oget her substantially nmatch area of said panel marrberrl. 25 %%n hfg?ﬁ%ég

cecord g nekatramie v heay sCrlARRESHIETL AT SOy
panel nenbetandducd®t NeLAGGH d0%18: AVe P 956949 £ Al i up uc(:l(i).n ogt]e
0.406), respectively, see Figures 8C, D. The mechanical
15 impedance plots of Figures 9A -D are generally useful
regarding the transducer 1location 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



19 APR 2002 step of selecting panel nenber shape proportion and the step
of selecting transducer |ocation wherein one of the tw said stéﬁ%fﬁﬁfkmm
selecting is done at |east once after and using results of doing the other
said step. 5 25. Acoustic device conprising a panel nmenber having its

geonetry/configuration and/ or |ocations) for bending wave transducer neans
in accordance with application of nethod according to any preceding claim
2 6. Acoustic device conprising a panel aenber relying on 10 bendi ng wave

action forthas &censtdurcger 89nERBCEnst NgdRRN&l xRS PeLy i
substantially rectangul ar shape and iso?ﬁopic)és toqffs %eﬁ%?%ﬁgsﬁffﬁﬁ%sses

in di tib | ' ' t | . the . I
menber having. okl b ohort] ore ot L aney, 8E ) A8BRRT ARG o aidipac

accordi ng §8s¢h&@i {285 1cuprisi ng a t sdycer_havi ng co-ordi nates,
measur ed froﬁ1d%eggégﬁgﬁggpo£}? e%xigg'o STt AT BT yPEN2E 3 comdionr

substantia%igtg.gﬁé. tines the length of the panel nenber neasured al ong
the corresBoRdt ng axdiechenigal pcymRedangeyidev ot sifiny a Ghenehspecdrer
relying on bendi ng wave action for its acoustic performance, the panel
member” bei hgtb?s sgbétlarﬁfi%l Fy47 ecraspelcari velape antl et sbol L ORI erageh@a t S
bending stiffnesses in directions parallel to its substantially orthogonal
axes, the fRRelsuph newnge hadifogdaxigal gpoapartdmittucf ondidag idyal hendi ng
stiffnesses in a ratio of 1 . 1.41. .A.AF. A !

. A AY% AY, subitantiadPo AxtAmY% ASt . A¥XaAYOE - Alhl A . AYh
AN A3, % AF. A2. AL. A A3U. A AY. . 2. Al 1. AS, S A A@q"iéy/ﬁ?&ﬁ?& nefhahlcal

L ko - Tpedhiak Zdsadebaal Galaal cyaanealical eibealealgalal cglcalcall ¢
further precise calculation is available as desired/useful.

10 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

15 panels, but. can be viable at least for somewhat lesser
frequency ranges 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

20 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).
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impedance plot for the aspect ratio 1.16 and substantial

extent of areas promising for transducer location, even two

15 such separate areas, (cross 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 edge 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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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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Turning to alternative analysis and design methodology
specifically using inherently fully two-dimensional plate
vibration equations, there is 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 matter 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
location co-ordinates (0.359, 0.459), (0.414, 0.424),
(0.381, 0.429) and (0.409, 0.459), respectively. 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 location co-ordinates
(0.446, 0.407), (0.391, 0.374), (0.281, 0.439), (0.347,
0.388) .and (0.399, 0.488), respectively.
Bot.h 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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o L ety e dotes (e SRS e,

10001X2222&2[1R5chén1ca1 impedance in Figures 17A-T, in each case by
proportionate contouring with worst and best indicated by

S hatching and cross-hatching, respéctively, and with
lightest coalesced from original 1l4-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 reasonably required for transducer
coupling or with absolute 1levels 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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interest, including separation into discrete sub-areas,

though perhaps particularly extent of next-darkest region
to splitting intrusion from a wvirtually diagonal 1lobe of
10 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 lcorrelating' well with co-ordinates of in-board
15 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
20 mechanical impedance.
Example is now given of two-dimensional analysis and
of methcdology along the lines of the previous example for

two-beam simplified techniques.
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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 Gxy 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 Pane] thickness
Constants :
10 E, b’ E b’ G, b’
Dx= Dy= Dk= D D v *ZDK
121 - v v 121~ v - 12
Xy X
D
}
p=p-h as " r=2
Lx-Ly | u Ly
Modal frequency expression :
15 . .":l;".i y
f=;'Dx"'—”i+D Wred) v 2D A A p)(x-
1 H
+4D\ A [ (A, - J - Bi- D v ) -y \]

where lx,ky are the relevant (boundary-condition dependent) beam eigenvalues in the x- and

y-directions respectively and ﬁx, By"’x"’v are corresponding constants.
| )
* Asanexample, for a fully free panel :

20 B=B,=-6 1Y, =2 A,

ky: A where cosh(X)-cos(A)=1

Mode shape expression -

$=cl +¢2:C + c3-cosh(A-G) + c4-sinh(X-C) + c5-cos (A-€) +cb-sin (A ()

where cl..¢6 are boundary-condition and mode-dependent beam function constants

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

ci=c2=0 c3=c5=10 €4=c6=098250221} 5
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Relative mobility expression :

The mobility of the finite panel relative to thal of an Infinite panel { 8. ’D xy H ) at a specific poi
on the panel1s given by

4o @,
= _‘le 2 2 .
n ; {f}) -F Jfl : 85-(‘5) +2:8 v'{F'fJ.},]
5
where F is the ariving frequency and & 59, are the structural and viscous damping factors fo
n . -.2 R 2
the panel material respectively ang ¢=(¢x) 'x\.¢.‘_)
Being a function of driving frequency, the relative mobility for any point 1s sampled at *)*
discrete frequencies in the frequency range of interest, the mean of which is given by -
] ,
Vot T -ZAFj-;‘\yJ v, y) where  aRsF | -F
'Y max min; )
10

Measure of qoodness :

A logarithmic measure of the

variation of relative mobility (with the mean removed) 1s used for
optimisation purposes, ie. :

Mo log[i]
W v

The standard deviation of this measure is used for

15 identifying optimum drive locations

1 2 2
°=\/2(Fm “F,, ,ZAFj[(xj) *ssa']

R

n

r

Precision of values given above for aspect ratios

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

w02
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between results of analytical methodology as proposed

5 herein and as to actual acoustic perfofmance for which
number of resonant modes coupled 1is important as is
reasonable evenness of couplings to as many modes 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 generality of application of
some especially favourable transducer 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 1locating and
specifying both valuable 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, or feasible variations
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CLAIMS

1. A method of making an acoustic deviee relying on
bending wave actior in an area of a panel member, the
5 method characterised by comprising
analytically assessing a power transfer related
parameter of the panel member, as a function of shape
parameters of said panel member, said shape parameters
being selected from the configuration/geometry of said
10 area of the panel membex, the bending stiffness of said
area of the panel member, and the location of berding wave
transducers in said area of said panel member; ard
selecting said shape parameters in accorda=mce with
sald analytical assessment of 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. A method of making an acoustic device relying on
berding wave action in an area cof a panel merber, the
20 method characterised by comprising
analytically assessing & power transfer related
parameter of the panel member, as a functicn of shape
parameters of said psnel member, sald shape parameters
being selected from the coafiguration/gecmetry of said
25 area of the panel member, the bending stiffness of said
8rea cI the panel member, and the locatio~ of bendihg wave
transducers in said area of said panel member,

identifying, as shape parameters are varied, the
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selecting said shape parameters in accordance with
said identified minimum or minima of the power transfer
related parameter of said panel member, the acoustic
device concerned and desiderata therefor correlating with
achieving said acoustic device performance.
3. Method according to «¢laim 1 or 2, including
compensating for any deviation from flatness of output
power Dby correlated conditioning of the input to the

acoustic device.

4, A method according to ¢laim 1, 2 or 3 in whieh the

power transfer related parameter is mechanical impedance.
5. Method according to c¢laim 4, wherein the analytical
assessment includes determining the standard deviation of
the mecharical impedance from some value or relation
therefor.

6. Method according to claim S, wherein the deviation is
relative to same or unity weighting applied for rescnant
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. Methoed according to any of claims 5 <o 7, wherein the
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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resonant frequency modes involved are lowest in frequency
rangé of interest for desired or acceptable operation of
said acoustic device.

il. Method according to any preceding claim, wherein the
rasonant frequency modes involved in said analytical
assessment arise from making simplification analogy of
one-dimensional nature.

12. Method according to any preceding claim, wherein the
panel member is or is considered as substantially
rectangular, and resonant frequency modes involved in the
analytical assessment arise from making simplifying
analogy to orthogonal beams notionally in directions
parallel to pairs of opposite sides of said panel members.
13. Method according to any preceding c¢laim, whexein
resonant frequency modes involved in said analytical
assessmeént arise relative to two-dimensional relationships
of the panel member as such.

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

15. Method according to claim 14, wherein said selecting
is assisted by presenting smoothed results of said
analytical assessment as mechanical impedance of said
panel membexr against varying said shape proportions to
show minima of deviation.

16. Methed according to c¢laim 14 or claim 15, whereir said
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anaiytical assessment is for given transducer locaticn(s).
17. Method according to any preceding claim, wherein said
selecting is as to location of transducer neans for a
given said panel member.

5 18. Method according to claim 17, wherein said analytical
assessment is for variable one relative to fixed other of
co-operative areal 1locators such as co-ordinates of
transducex location and results are presented
functionally, usefully graphically, in looking fer minimum

1C deviation of preferably smocthed mechanical impedance.
18. 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 said panel memker on areal basis.

21, Method accoerding to claim 20, wherein said selecting

is assisted by presenting results of said analytical

~

< dssessment as contour mapping of areal deviation/variation

20 of mechanical impedance.
22. Method according to claim 21, wherein said analytical
assessmenc 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 ranel member.

25 23. Method according to claim 22, wherein said analytical
assessmeat and contour mapping is of one quadrant for a
substantially rectangular shape of said panel member.

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

5 25. Acoustic device comprising a panel member havirng 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

10 bending wave action for its acoustic performance, the
panel member being of substantiall?'rectangular shape and
isotropic as to its bending stiffnesses in directions
parallel to its substantially orthogonal axes, the panel
member having axial proportions of 1 : 1.41.

15 27. Acoustic device according to claim 26, comprising a
transducer having co-ordinates, measured from one corner
along the axes, of substantially 0.452 and/or
substantially 0.447.times the length of the panel member
measured along the corresponding axes.

20 28. Acoustic device comprising a panel member relying on
bending wave action for its acoustic performance, the
panel member being of subgtantially rectangular shape end
anisotropic as to its bending stiffnesses in directions
barallel te its substantially orthogonal axes, the panel

25 member having axial proportions affording axial bending

stiffnesses in a ratio of 1 : 1.41.



