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i nvention relates to active acoustic devices and nore particularly to panel
menbers for which acoustic action or performance relies on benefici al

di stribution of resonant nodes of bending wave action in such a panel
menber and 20 rel ated surface vibration; and to methods o”WMﬂN"MﬁUMME

I mprovi ng such active acoustic devices. It is convenient t he
term"distributed node" for such acoustic devices, including &eoustic

radi ators or | oudspeakers; and for the term"panel-form' 25 to be taken as

context doss not permit. In or as panel -form i oudspeaker . IMINMIEMAN

menbers operate as distributed node acoustic radiators relyingg@Qh» ~ N JUN
2p02 2
5 ACTIVE ACOUSTIC DEVICES COMPRISING PANEL MEMBERS
10 DESCRIPTION

15 FIELD OF THE INVENTION
This invention relates to active acoustic devices and more
particularly to panel members for which acoustic action or
performance relies on beneficial distribution of resonant
modes of bending wave action in such a panel member and
20 related surface vibration; and to methods of making or
improving such active acoustic devices.

It is convenient herein to use the term "distributed
mode" for such acoustic devices, including acoustic
radiators or loudspeakers; and for the term "panel-form"

25 to be taken as inferring such distributed mode action in a
panel member unless the context does not permit.*

In or as panel-form loudspeakers, such panel members

operate as distributed mode acoustic radiators relying on



bendi ng wave action induced by nmechani cal action to the panel giéitation of
resonant nodes of input neans applying nenber; and resulting ﬂ diliy e
action causing surface vibration for acoustic output by coupling 5 to
anbient fluid, typically air. Revelatory teaching regardi ng such acoustic
radi ators (anongst a wi der class of active and passive distributed node
acoustic devices) is given in our | nt er rfat i onal patent application
W97/ 09842; and various of our later patent applications 10 concern useful
addi ti ons padddevel aprent s.ctBAGKCRAMNR D THE | NVEM | ONeBnsheap@)l ving
transducer | ocations have been considered as viably and optimally effective
at | ocati onschanboaild eftiibe panel thenbpaned amswmbstrant cald exeentl tiawar ds
but 15 offsetifron1its centre, at least for panels that are substantially
i sotropi c asctibabéndi ngf stieionesy amPdschi bpf ePerdingel yaygbseattioal | y
constant axial anisotropy of bendjng stiffness&gg). Af or enent i oned
W97/ 09842 cgigdBIs SEEERICE glii RIeHe R nfPEr RECHS G5t iGRIPYD BY operPildnst e
co-ordi nates for. such in-hoard transg cer Jocations, includin ,
al ternat ivES; ARfSHter &ftdle BYPUFR g?’erﬁ“‘barti c e - g&?cghlng
conbi nati ons mhgn usi ng,two or _pore %kgpﬁg%perz. varigus ady n%aggous
appl i cat i oh§IBEEIFPar Y tAECLET pAndPF SR T SeBUREFE Vi t@ST havéSSeen
fOreShadOW%(%’active and passive distributed mode acoustic devices)
is given in our International patent application
W097/09842; and various of our later patent applications
10 concern useful additions and developments.
BACKGROUND TO THE INVENTION
Hitherto, transducer locations have been considered as
viably and optimally effective at 1locations in-board of
the panel member to a substantial extent towards but
15 offset from its centre, at least for panels that are
substantially isotropic as to bending stiffness and
exhibit effectively substantially constant axial
anisotropy of bending stiffness(es). Aforementioned
W097/09842 gives specific guidance in terms of optimal
20 proportionate co-ordinates for such in-board transducer
locations, including alternatives; and preference for
different particular co-ordinate combinations when using
two or more transducers.
Various advantageous applications peculiar to the
25 panel-form of acoustic devices have been foreshadowed,
including carrying acoustically non-intrusive surfacing

sheets or layers. For example, physically merging or

incorporating into trim or cladding is feasible, including



f including carrying acoustically non-intrusive surfacing sheets or |ayers.
For exanple, physically nerging or incorporating into trimor cladding IS
feasi bl e, including ~ ~~~r~ 2002 3 as visually virtually 1) 4 002

i ndi stingui shable. Al so, functional conmbination is feasible with ot e?

pur poses, such as display, including picfures, posters, wite-on/erase
boards, projection screens, etc. The capability 5 effectively to hide

i n-board transduce& fron1V|eW i s, enough for i apglications.'However
t here ar ep8feltFfaf ;WaHHQEﬁa I%Q%&%?ﬁ%BVh%F@b £ codllgohe fymsttilonad | eave

| arger, particula central_, pa ns unobstructed even by hldeable
transducerg mﬁbP éﬁéﬁpl és | 6PR5 rlgﬁledeéﬁ’ 5?‘ oﬂ%ﬁe e@UtrIPrQﬁ‘f’g% dissisitay asse,

pursuit of strans ucenge., eyen trans arency, anel nenbers |s not
morthmhlledmnﬁz ach 1S }H i Nt s Ons® of ﬁ% erswrl tenondierase
panel - f or tic | d |y active it could. afford

| ar ge nedrg gggas d?P%%g gtru%§r§é8?g|b|%£§y SuU OE® LINNENTI ON

Accordi ngs Lerapeigevicecgs Q@'f&e of s 4t %éafcgve{%éﬁgduégleé € 5. i ded a

panel -form acousti c device conprising a distributed node ‘acoustit p&ﬁe
menber Wit BnbtgRSAuRR 2RaAPanSPAGHAG Bls @ Mar gl d10Si t{ ROyt he

arrangenment being such as to result in acaustically accept abl e effectlve

di stributipotandiakcipremeiica0fl 4@SDIeAE i 6REe whiehbatitONeolEXd SHENES «Ful
sui tabl e such margi nal positions Is established herein as |ocations for

transducer toeahsavéd ahenerw t lpasdimillarlpackengras, t OphHElCi @dgislsect ion
or r inprovenent of one or nore such | ocations. Such judicious selection
may advant agebaskycbedbyevem abywiildkabdsul trénsducayest i gedi orxapde
acoustic radi ator device or 10 (! U~J 2002
10 for video or other see-through display use, pursuit of
translucence, even transparency, of panel members is not
worthwhile with such in-board intrusions of transducers,
though a panel-form acoustic device would be highly
attractive if it could afford 1large medial areas of
15 unobstructed visibility.
SUMMARY OF THE INVENTION
According to one device aspect of this invention, there is
provided a panel-form acoustic device comprising a
distributed mode acoustic panel member with transducer
20 means located at a marginal position, the arrangement
being such as to result in acoustically acceptable
effective distribution and excitement of resonant mode
vibration. Existence of suitable such marginal positions
is established herein as locations for transducer means,
25along with valuable teaching as to judicious selection or
improvement of one or more such locations. Such*judicious

selection may advantageously be by or as would result from

investigation of an acoustic radiator device or



| oudspeaker relative to 4 satisfactorily introducing vibrational energy
into the panel nenber, say conveniently i by assessing paraneters of
acoustic output fromthe panel menber concerned when excited bt h&Mgﬂmgl
positions or 5 |l ocations. At |east best results also apply to -- -

m crophones . Fromthe rel evant background teaching as of the tine of this
invention, availability of successful suth margi nal | ocations is, to say
the | east, unexpected. | O Indeed, nmain closest prior art cited agai nst
W97/ 09842, lowidpgemkstmart -pelativer its i neentisdacied idevel adtroryodwaichdg ng,
nanmel y W92/ 03024 from which progress was nade particularly in terns of
departing fwidmatidmheanexsyt detonthfepapel DeaWepy ofeds SAnKasldantly
appreciating 15 that distributed resonant node bendi ng wave action as
required1WﬁY\ﬁ%ﬁﬁ%ﬁ%%%ugﬁrémﬁéﬁFSrﬁ%ﬂﬁ??%%ﬁﬂ?sopﬁpﬂggﬁrQWbﬁﬁﬁ(ﬂﬁﬂel

activity at nel corners; as |s also a factor for panel edges.generally.
A least | MAMREY eFPnCaTdiess BRERL | SAGEheH orted By SpRaLt | ROF: SHERES N 1 h

20 somewhat. of f-.centre but ver¥ nugh &p-Qparg trg@sduc r Iocatigns, guch
hi gh vi br 2 AR 1 vi ty LonpdGRES st¥mgl y SFPA " Fanet - Ffar gfRELY  t©

. sel f-evidentl ing limted access, thus likely avail able effect upon,
panel nenbé?“%ﬁ%%%ﬁ%%gas a whol e; this conpoundi ng conbi nati on 25

contributing to mrayi O4s! ¥RPELSRLY & 'adﬁﬁ“ééééhfﬁgeggeo%xgﬂéﬂéfmb For
application of this invention, a suitable acoustic panel nenber, or at
| east regi gk t heneaf, iM¥edion, availability of successful such
marginal locations is, to say the least, unexpected.
10 Indeed, main closest prior art cited against W097/09842,
is the start-point for its invention and revelatory
teaching, namely W092/03024 from which progress was made
particularly in terms of departing from in-corner
excitation thereof. Such progress involved appreciating
15 that distributed resonant mode bending wave action as
required for viable acoustic performance results in high
vibrational activity at panel corners; as is also a
factor for panel edges generally. At least intuitively,
and as greatly reinforced by practical success with
20 somewhat off-centre but very much in-board transducer
locations, such high vibrational activity compounds
strongly with panel margins self-evidently affording
limited access, thus likely available effect upon, panel
member material as a whole; this compounding combination
25 contributing to previously perceived non-viability of edge
excitation. '

For application of this invention, a suitable

acoustic panel member, or at least region thereof, may be



10 (f 11 N20D2 5 transparent or translucent. Typical panel nenbers may be
general |y polygonal, often substantially rectangular. Plural transducer
means nay be at or near different edges, at least for substant]gl] N
rectangul ar panel nenbers. 5 The or each transducer may be piezo-e ethUPZC,
el ectrostatic™ or electro-mechanical. Thg or .each transducer nmay be
arranged to | aunch conpressi on waves into the panel edge, and/or to defl ect

t he panel etdd’?ag SIater lly to Iaug{ch transverse bendi ng waves al ong a panel
to edge, and/ot I?%r%i%pl ért GEENGTSERdss alyakerl chanel, memdeors trayr bduce
Assessnent of acoustic

| i near defl i a local region_of the panel.

out put frorﬁaeg%énlg%hﬁént%?gy%‘;}agg r%‘c‘r%‘?li“vesﬁtggwtfja%}@crm@ri@gtﬂbaracousti c
out put 15 i e n power . out put thus efficiency in
converting %ﬁﬁi nﬁé%?@g?yv%‘%géﬁ TRY (Bt SErBfDircé’ielaf diffenpitorrdges,
causati ve erecigigal iV i ti tput., snoot hnpess of power

out put as rreas%%%ggf fg{/fen-gﬁgggggﬁ%gg?t alfﬁ%lriar?ﬁu]}ae%oﬁaﬂlegwdﬁféﬂ?ﬂrp%endi ng

wave actigmhe?0 idgwspeckheR Of tRQAMIG put to frequenci es of excjted
resonant modes i ncl udi ng nunber and u3%{':'¥5tri buti on IB? spPe&F B 1aFdeL C-

frequenci ez lesantoatmptiicatbras ebeétholndbnahorg:  Such agsesspents -of
viability of locations for transducer neans constitute et hodoﬁspee(ﬁ%h of

thi s i nventtiremsgBidendi wmiaguabéy sarvhrige ORI NBLLARK rccﬁgpzaééjsf agpessnent
at | east of snoothness of power output, it is further proposed herelfito

use techni g beked pamekarderyar andgvirati®n dferfqr@c%onghéeLﬁrg@fe. Cﬁee 1
0 SUN 2p02 6 of the inverse of nean square deviation has the enef1 of

present | ng 1§¥sdERdes £ drawssie ssmemt vercsor loéndi i r eavby hOoRESkt .?\é.%e al ues
and/ or representations. A suitable reference can be individual t0 each case
consi der¥ ?dgﬁy aand/or to apply torsion across a panel corner,

and/or to produce linear deflection of a local region of
the panel.
Assessment of acoustic output from panel members may
be relative to suitable criteria for acoustic output
15include as to amount of power output thus efficiency in
converting input mechanical vibration (automatically also
Customary causative electrical drive) into acoustic
output, smoothness of power output as measure of even-ness
of excitation of resonant mode of bending wave action,
20 inspection of power output as to frequencies of excited
resonant modes including number and distribution or spread
of those frequencies, each up to all as useful indicators.
Such assessments of viability of locations for transducer
means constitute method aspects of this invention
25 individually and in combination.
As aid to assessment at least of smoothness*of power
output, it is further proposed herein to use techniques

based on mean square deviation from some reference. Use



5 nedi an- based, such as represented graphically by a -~~ snoothed |ine

t hrough actual neasured power output over a frequency range of interest. It
is significantly hel pful to mean square deviati on assessnent qu]U@W
reference to have a be normalised standard format; and for the 10 neagwp%d
acoustic power output to be adjusted to_ f it that standard format. The
standard format nmay be a graphically st?aight line, preferably a flat
straight line thus corresponding to sone particular constant reference

val ue; fureohetherefieenbtyofhwesnneqhipne dewatuerashdpurte 15enafiutably to
apply to a distributed node panel nenber at hi gher frequenci es where nodes
and nodal PREEFRtHRS ABPRLBReABsEoHeASESSERCIH faanniting oditrectdysben as
noteworthy that whatever function is required for such nornmalising to a 20
subst ant i aPPSL bRt aNBlHEPer S%EE Ofs STIRNETSRIGLAPEE-a badts Fuitahle
equal i sation_function apBIica le_%o &ngut siggals to i nprove | ower
frequency BebHTPCS otfPUPE FRAFTEIEHRL c5SeCPRRt CASEHIOR L1 TRt e82W0de

anel menbers. as such, and with preferential aspect ratios.and hendi ng 25
DTt necoiedi S8 HSEa, aput hafint TRERERREE . Sapthaear TPy Haven”

acoustic power put _ch i St r I o_frequen t hat show
o oor esei Ve oL PrinEr FRREhER Bk Mdle el pah el Bl Dedt i,
modes and g .soQendN £9R%e BRdal,2GQN are | ess 6 ¢ s O '
frequency %f%?é%% io% g suchrvg usua!Iyf%enéfﬁg§§¥ﬁ%$%§ﬁh%t$%iggF§on in
such | ovwery & r ggHRN@qUARD e P1EN QUL aEMAALOT FbPPUheS M &AM DEG
useful. This | ower acoustic power 5 output at |ower frequencies Is related

to free edggvyi by atpdn mokthel Dewte! SEAMEBIE] asESHalL ; and gpaseggent LAk
greater | oss of |ower frequency power, greater proportion of which tends to

be poor hy wedéatedl andietidi powpat ethrpurclisli bg afifiestievels short trhtcui t ed
about free adjacent | O panel edges. As expected, these | ower frequency
power | osssediidéctd AoematgniThiec arttandagrdeaf@rméor mpandle nerdpesshneably
transducer |ocations at or near their edges and/or |esser stiffnesses -
conpar ed wsthapainel henber spuefagabhpoard fhlatsdweraigivat i biise Hoheser,
and separately from 15 any input signal _equalisation, significant

m ti gati onCefrespardingcbfsspieaparktaphéapy conahaniy ¥k emes vehbers
surrounded by baffles and/or_by clanping at_the edges of the panel nenbers.
| ndeed, spat@Btiekal PEebCERYEY cl Hips AP hatvEBsePlil | YLt ectPvefgund

beneficial effec relative 20 to frequencies wth_wavel engths greater than
t he spaé#haanr%L§Y|68m% éﬁ@eacp&%ﬁ§?i¥ﬁF%¥L@??ﬁgP?P o™ fRE pane
menber s of qu$te ig@lstitfneﬁafs via$|e nagﬁinq% iran ducer_1 ocations

i ncl ude po3tPirohs AEANE EEGe-HMEE BYPRF afsh WWLH 28°kdPRaI3YF | BObSar d

| ocati ons éPrmééénégHESr nmeans arising t as preferred by application of

t eachings or practice such as specifically in our above patent

appl i cations. Wign ysjng JJRRIAYEE FBaNSs | Bddl ' % anbtEbrRhSf €ERAEE VAS
whatever function is required for such normalising to a
20 substantially constant reference is effectively also a
basis for an equalisation function applicable to input
signals to improve lower freguency acoustic output. It is
the case that viable distributed mode panel members as
such, and with preferential aspect ratios and bending
25 stiffness(es) as in our above patent application, may
naturally have acoustic power output charact.:eristics

relative to frequency that show progressive droops towards

and through lower frequencies where resonant modes and



~ ~at~ ~y Zooz 8 found for margi nal transducer |ocations mﬁth1qpi§
correlation as corresponding to notionally enconpassi ng greatest aH Q.ngr
a substantially rectangul ar panel nenber, said correlation can be by way of
correspondence 5 with orthogonal or Cartesian co-ordinates, with said first
preference represented by associating tgansducer means with diagonal ly
opposite quadrants. However, this was in relation to a particularly high
stiffness/ high-Q panel nenber, and is not always true, even for quite (but
| ess) | O stéddl pacglion savef uresrer deglsew showilhg Erontbieig ofergticomywi t h
association in sone or adjacent quadrants. For an elliptical panel nenber
sai d correfE2iBHPuEHRR esondBRBe tan Udlddckor demg fi¢ifdpetisol Reoresdaant

node related | ines as oiqg edge-wards through the inl5 board | ocatians.
Ot her vari%ﬁEﬂ%PI%%sS@%%d} Pet FESSHBRyYV ARG FHGR eu_byearsest Péns for

t ransducer, neans wer e _found i nvestigati .based on rotating orthogonal
vectorg aﬁﬁﬁuqn?bggP&[ﬁ%ﬁe%éﬁ?%éf?ignshﬁgéﬁ %&ﬁﬁ¥oﬁ§PW%ﬁﬁ%mPﬁﬂeglose

, iti f | 20. nenb ) h i i

r egar di ng CONALE Gt nedieor Ao BT e ont P nvETURsoaui Fabl §* Rees SRdI ng
or_cl ampi ng, Subst 40t 8l Liealy st & £0Ld 0k Ml OrBLELerentigh drive
ocati on, ere 1t appears that “such nass-loaded dptiTmal “drTvé ocati ons)

eff ect ivelyy o deheyes(of HRRATeHSRlLhPXpBUL:AS 2 didiAl pr3BULEeohS) Of

t bending Wwave vibrations in the ne hr's latt may no central

intrusion by {he-KBSSeARAdtBY Bt pbsrtheard ¥i MesdBR /@ SU§E8ssHHt eABI gi Nal
excitation at 1 0~1i N2002 9 corners. Further investigations have been

made, i ncl ugdNgd Dig panekbcierbers drvrirr thdb et edt apbulf NBssesagspeenti cal Iy
again quite high but also nmuch | ower and internediate
10 panel edges. As expected, these lower frequency power
loss effects are significantly greater for panel members
with transducer locations at or near their edges and/or
lesser stiffnesses - compared with panel members using in-
board transducer locations. However, and separately from
15 any input signal equalisation, significant wmitigation of
these effects is available by mounting the panel members
surrounded by baffles and/or by clamping at the edges of
the panel members. Indeed, spaced localised edge clamps
can have usefully selectively beneficial effects relative
20 to frequencies with wavelengths greater than the spacing
of the localised edge clamps.

Interestingly, for specific panel members of quite
high stiffnesses, viable marginal transducer locations
include positions having edge-wise <correlation with

25 normally in-board locations for transducer means arising
as preferred by application of teachings or praétice such
as specifically in our above patent applications. When

using transducer means 1in pairs, a first preference was



5 stiffness panels, in each case of usual substantially rectangul ar
configuration with aspect ratios and axial bending stiffnesses geperally as
in W97/ 09842. For the higher stiffness panel nenber, assessment .bﬁsé‘dNoRﬂUZ
snoot hness of power output for single transducer | O | ocations along |onger
and shorter edges were generally confirngtory of above preferenti al

coordi nate positions, i.e. peaking as e;rgect ed for best locations for

singl e transducer nmeans. However, additionally, |onger edges had prom sing
spreads of fommet hnéey newsxgEnadt hitrameidncdsy 1St imgsk awithansshiokr

| ocati ons between the co-ordinate positions in each half of the edge and
beyond t hoserasadediifit e 35osFPrERSPPFEBGUt tOnen®hi Hal EYigt $NIQema SRty
corner; and within about 30%along to at |east the quarter |ength

posi ti ons. FERHIHE sRESGer edfeE, dprEFREINCHR LKoot PrERRINRAS URARRY €

w thin about 100 between the cio-o_rdi nat e g}ositions, and within about 25% at
quarter le Fosi T7bAs COFRE LT ALr CRYGEE 4B UKRY y OSh iR SRR CSHowner

snoot hnes sure..t han the | onge dges shaowed _a uarter. | ength. positions
ri ght thr%ﬁ’g‘ﬁ‘%ﬁ (?r\?\;nl}?ﬁ%nazi; %Boﬁgréﬁg-lgglntc 'Io\éﬁ&tnﬁatto t PE T rgRAS EiTst

I nvestigatiQn ¢Qf [ qaeéﬁ; r . has e d
parti cul ar Ipy orregg%é and a jarge%{imgo d%%\%@%tfsh{%ne@%%%g‘gﬁ%érg or one

on each OfJf@Hﬁﬁia%éﬁafl JbppéQice Shaid er eﬁ@@éve?ﬂ?t%ﬁ%n%%. & can

be at one best position along one of the edges for a single transducer, a

with the othandiiansderer vgatresdcaiardyt heighhest eefgesEPRiYRLHAI /@I ONg
the shorter edge, above preference for 5 one of positions according to

co- or di nat gentferd N-h0ar dsphetemaniayal transdecen Feeaiguans | @aonfdsdmed by
best snoot hness neasure at about six-tenths length. There are al so near as
good posibisarisfat phne@squarsee | ehgtthend arllpwa | shbWwénbes ook iaig
quarter and third length | O positions. Mreover, npost positions other than
bel ow aboutopen=ttient hwitbnmrasogriadncar eltbesowe, oz mdjacemeayuadraoos, or
not much worse, than for association with coordinates of preferred in-board
| ocati ons i Fathe sane glbdPhheal Forpangl at membsirongsahd | orrjereladgeont he | 5
shorter edge transducer was | ocated at about preferred near six-tenths
position, tARGERESRANGSREE atalhl BF ndFKeFd3Ner eEencleYPeFbebidi e sdmntof

transducer |ocations in adjacent quadrants, with best at just upder,
one-fifth, WaE sFRYRERG E%{’P%? t"’]?angpl’rélgo.ﬁ‘ég%b"gﬂgﬁn tj}réi‘?@ ofiB&t Nitd 20

Lenot h PEBLLLSN W LEN Ko AL, MOLa%osLy NPeRneck el S e S
1 enat RO 2051 1, AACe Il AUALENL RORCLERNIL I 5 sl oat o
found by investigation based on rotating orthogonal
vectors about in-board preferential transducer locations,
including close to or at corner positions of panel
20 members. Another inventive aspect regarding corner or
near-corner excitation involves suitably mass-loading or
clamping substantially at a known in-board optimal or
preferential drive location, where it appears that such
mass-loaded optimal drive location(s) effectively
25 behave(s) to some useful extent as "virtual" source(s) of
bending wave vibrations in the wmember. This fatter may
not avoid central intrusion by the mass loading but 1is

clearly germane to successful marginal excitation at



25 be continued on an iterative basis, and may then reveal nore favourable
conbi nations. Investigations of nmuch | ower stiffness panel nenbers on the
basi s of snoot hness of power output have shown , ~ ~ J~~ 20027 1 jpRakiprg
for marginal transducer |locations also at about the in-board co-ordinate
position, but near as good at quarter |gngth of panel edges, and generally
markedly less criticality as to position along the edges in terns of 5
actual achieved nodal distribution. This is seen as explicable by

i nteracti crpPyE®geen the | ower panel stiffness and conpliance within the
used transducer_itself. It agpears t hat. t he resonant nodal distribution of
the panel is aff\Bcther ahBVEFtePaY IR St RaY? aRSElc Pad® | dawtlivsh ncat of east
to some extent, going with such | qcation. Hi gher _panel stiffnesses ,
subst ant | A5 vBPADEEEN R Y s S HGREFIE ShehLPRSERAnsRET . EoRpHHhnce
and possible interaction.wt anel, stiffnesslielasticity is_clearly, another
fact or to%%altrékghui%ﬁt oﬂé%o[}?h% iU 5&8>‘2'5Ir0i tBd ujsré‘fﬁ"f‘?/‘?hgte

| nvesti gati.ons. 0 anel qubeh i quij hi n ch_l.0 i esses
clearly RieH fr}% %eg)%d}ef er er}?1 \(/:mgégg flo:%ggppg?ca ?%%yofs%%%%%gféﬂy

excitati O%GZJOW ??’ﬁ% Oraeclacﬂ@' LA%Hh ;F#de(‘cac' | E:?ét".{%st Oa%ﬁ‘gé)qy&fr

| ocati ons, Ln pairs, as to I ess or

i nteractiqfehidl i &k {# ANSONCET 5EREPELAYCEs Lih Wd Iy ARPr Opriate to
consi der a panel” menber of Internediate stiffness . For such internediate

stiffness panelpdenigle aRGheT NHERf@neexpephadl dhéhBeencessEebahiNe to
the nmuch | ower stiffness panel nenber include increase in acoustic power

out put avabdsdd eohysregehakarpiofg, patesk edhypiincifeas ed pver t F nsduder ange
frequency nodes, and stronger nodality 10 (" Ul~ 2002 12
10 locations along longer and shorter edges were generally
confirmatory of above preferential coordinate posgitions,
i.e. peaking as expected for best locations for single
transducer means. However, additionally, longer edges had
promising spreads of smoothness measure within about 15%
15 of peak at transducer locations between the co-ordinate

positions in each half of the edge and beyond those co-

ordinate positions to about one-third 1length from each

corner; and within about 30% along to at 1least the
quarter length positions. For the shorter edges, spreads

20 of smoothness measure were within about 10% between the
co-ordinate positions, and within about 25% at quarter
length positions. The shorter edges actually showed a
better power smoothness measure than the 1longer edges
showed at quarter length positions right through to within

25 about one-tenth length of the corners.

Investigation of combinations of two transdhcers has
also been extended particularly for same and adjacent

quadrants with one transducer, for one on each of longer



or peakiness for |ower-frequency nodes. Tendency towards characteristics of
the higher stiffness panel nenber include stronger preference s b

singl e transducer |ocations for edge positions on a co-ordinate %f 1400l
Si n-board transducer |ocations, also promsing feasibility -~~r through the
m d- poi nt, but perhaps al so at about ongbenth in fromcorners. For two
marginally | ocated transducer neans, markKed preference resulted for the
coordinate related position of optimal in-board transducer 10location, wth
| ess good bot |shetyeyi @dgesspr eddne o traddidaicard cao- the r ds | emgt best
positions and equality of same quadrant co-ordinate related and two-thirds
| engt h posPeiséfigon talengvedeneit Hate defgefed®ds 3 nShageéeri slranssiveeanet er s
of panel nenbers beyond basic capability to sustain bendi ng wave action are

si gni fi cantifth ddt@r RFRPRg SRATGIHAFEY r YREAGCer2 Y Geht FBRs OWIRF t BdECuse of
oqui i ng. SRBe PRI et it STRREGEE \EiEh, 20BRYI By TeBREn tgs
h f. | . .S] i fi |y, f t taptiall . |
panet renbers, f BEEREN ailqn L8] 68 SHARMAPLLT A GRCRERRA G,

all, of. ed %gg%%%%ri'aﬁdg‘érgggﬁﬂc%’}s ﬁBEaEFigﬁI%d“%r agr@%é‘g ekﬁéebest

unprom sin such can be significant nprove i Ng wWave
?gge”de“t rf%g%?l?lteég)q%égﬂé I bt EBBE%“%iﬁei@échﬁFs“tl .r%t‘?n ?Coh‘g\leic%a'are
ponse of the nmenber) It associated with | ocalise ss-1oading or
clanpi ng ah)@Be MaFPhe KISE! gosithidhaltardcB@@2 -LBarter length and
only a 1little 1less good at gquarter and third length
10 positions. Moreover, most positions other than below
about one-tenth from a corner are better, similar, near as
good, or not much worse, than for association with co-
ordinates of preferred in-board 1locations in the same
quadrant. For variation along the 1longer edge, the
15 shorter edge transducer was located at about preferred
near six-tenths position, there was then actually marked
preference for combinations of transducer locations in
adjacent quadrants, with best at just under one-fifth, and
slightly better than the 0.42 position at the one-third
20 length position with only a little worse at the one-tenth
length position. The quarter length position is actually
about the same as for the mid-length position and the
adjacent quadrant position of the co-ordinate of preferred
in-board location. Self-evidently, these procedures may
25be continued on an iterative basis, and may then reveal
more favourable combinations. }

Investigations of much lower stiffness panel members

on the basis of smoothness of power output have shown



ot her margi nal positions) of the panel nenber concerned. Inventive aspects
t hus includes association of a said drive neans position with h g?f other
mass- 1| oadi ng or clanpi ng position marginal of the panel nenber.: N@@%

use of two or nore transducer neans, exhaustive investigation of

conmbi nati ons- of marginal |ocations is iygpractical, but teaching is given
as to hom/to find best and other viable marginal |ocations for second

t ransducer ns fo any %I ven first tr nsduc&r 10 margi nal |ocation.

| ndeed, yet ef Jtrﬁ%r r fPa#+tran Y5t 18R tdOmSd HESP nedst #lgated and
assessed a di;ng the te . hereof Somewhat |ikew se, use of

| ocal i sed Crrtg?%l lﬁgl bé%%p%]ncgf %r HpFSw%gsjpteJr?%r mettte PSFrarﬁs gi‘-:’\?@ﬁ1 at

t ransducer I i i | gat; and ssess to, an
extent and %@grﬁ&auls%lﬁ ft:j}%hggt E?né’% %rgéo \Aﬁeetrh “?hﬂ% %ﬂﬁ g oF
reduci ng coitid i ons @fs sggeprc%s&qam g?gﬁﬁa')”}@t ggrggnsse del i_ber at e)lfy

interfering wth other resonant nodel s) y to mcreas&egﬂ]tspu

pover. 20sidcthell evethidvde widhmhidiergangraldy. t o trﬁlig 150 8CERUN s the

fact that |owest resonant nodes are related to |'ength o e | ongest

nat ural axiexpificutyl @angly mepheeratBusnt hated wd@er gges QEwéEbStﬁé‘ﬁéﬁl ly
rect angul ar panel nenbers are sensibly always favoured for [ ocation

25t r ansducest ififaresss | nehddi comidiipgceo whiertemer £Rasi blsegat drddahest
position for operation with single transducer nmeans. It is sensible to see
this as appitelf evedtwrpreanse thaandheerrdsemsnitcebdarans dtsranaoisaged
or intended, ~0J U;~~ 2002 14 again whether for enhancing sone
resonant nsdel the @mander isel 3Efeced crindg al térethdry r esenantammiletey or
mainly to i.ncrease output power. Also relevant as a general matter is the
fact thatO55@tdRRerat i d fEééﬁénc;ﬁOr arfffinef ¢xtenest gohogl dwhiehmdagai | of
assessnent _of | qcation for transducer neans, and may well| affect best and
vi abl e sucﬁqct?&aﬁrbns Higheg ohahade EF#ﬁéﬁéﬁﬁeﬁorS\Fhﬁ’g@Btv\hbleaaknnda and
ext endi ng beI Hz Anot her. i nfluencing factor could be

| Opr esence 6’Tc gzjl'sge[caf'c%nt é(@& ?&Fkbeq‘ﬁ’ nﬂr%%%dbﬁﬁél cpEpBdange @ambaci ng

af fecting thG perfornance i nfer or_postul ated that the
nat ure of rred R G et a’abﬁ &FAT ntStplogfli"?%?/sﬁ laghiciBiaris what

i's fore-sh@@@gyiyrgﬁgghgpoggcggg'@gdbgtpgken into account, including
15 exploited usefully.

Investigations of panel members with quite high and
much lower stiffnesses clearly reveal rather different
cases for application of marginal excitation, including as
to more and less criticality as to transducer locations,

20 whether singly or in pairs, and as to 1less or more
interaction with in-transducer compliance. It is thus
appropriate to consider a panel member of intermediate
stiffness.

For such intermediate stiffness panel member, and

25much as expected, differences relative to the much lower
stiffness panel member include increase in acoustic power
output available by edge clamping, markedly increased

power for mid-range frequency modes, and stronger modality



| 5pat ent applications, typically viewed as affording coupling to nore
approachi ng nost frequency nodes, and doing so nore rather than | ess
evenly, perhaps typically avoiding doninance of up to only a feWlf JeNuzligy
nodes. Such suitability nay be for |ower rather than higher total 20actual
vibrational energy locally in the panel ygnber, but high as to popul ation
by frequency nodes, i.e. rather than "dead"” in the sense of little or no
coupling to an% o%.few nodes._ BRI EF_ DESCRI PTI ON OF THE DRAW NGS 25Specific
i mpl enent at POnPFE lpﬁésiH%Eﬁt%QW?¥3f¥ﬁﬁP?n%Va@@dﬁﬁatid%¢m@ehCYUSbwate@ and

described in 1th reference to by way of exanple, in the acconpanying
dr awi ngs, iﬁhagggﬁgrlS~188~u9%zo§%815hFl e f%igkﬁﬁ%ﬁdiE@nﬁbutadmbade
acoustic pat 3t h | d transducer as generally described in the above
PCT applica?ﬁ%%&ﬁéig%?%béégﬁomgr%g?F?%%ein cg??%ﬁ of 1Pgle dFfpesdncesways

of mar gi nal 1 gk; 8985 E%gt ﬁ¥$gi§§f?§9g§gi%np%peé?rérgaﬁure 3 éhoms,possible

pl acements of transducers of an acou 8 & Phchreimal

actions shova-bdafd Jekandduerd A shoys .t gnt such. panel .
Figure 4 shows four favour ed naré?%gﬁiﬁg%atg%%g %%% Jf%%sﬁﬁ%%?ﬁlghﬁﬁh in

2our o Chbss VRECSZR T SR SR M el U LAV sET

tenth in from corners. For two marginally located

transducer means, marked preference resulted for the co-

ordinate related position of optimal in-board transducer

10 location, with less good but 1likely wviable spread to

middle and two-thirds length positions and equality of

same quadrant co-ordinate related and two-thirds length
positions.

It is evident that differences in materials

15 parameters of panel members beyond basic capability to
sustain bending wave action are significant in determining
marginal transducer locations; and that use of two or
more such transducer locations produces highly individual
solutions requiring experimental assessment such as now

20 enabled by teachings hereof.

Also, at least specifically for tested substantially
rectangular panel members, it has been found that many if
not most, probably going on all, of edge or near-edge
locations for transducer means that are unpromising as

25such can be significantly improved (as to bending wave
dependent resonant mode distribution and exciteﬁent into
acoustical response of the member) if associated with

localised mass-loading or clamping at one or more selected



relative to another preferential in-board drive |ocation and favoured pair
of the conplenentary or phantomin-board 15 drive |ocation; FigprSUﬁ 2002
i ndi cates how any pairs and all four drive transducers at such favoured
| ocations were connected for testing; Figure 7 shows viable if |ess
favoured pairs of 20 margi nal drive trapsducer |ocations; Figure 8 shows
corner drive position and hel pful nmass-loading at an in-board preferenti al
drive location; Figures 9 and 9A stom/f ur normal |y unfavoured margi pal

S ki ﬁ ‘%%r

drive tranS80esr "PFEATINP IVt He Ry PARSar §ERRFT rEe89ddfichg or

I ' L ti d_how t est d dri t. d .
associ ated WYANERYSpahEPeCand RItur 61g “SRons=PROBOALT Bt ST urbbetHibt ed

&

N o v Rddh ORS8RI RASHEANSALAL Oy, L TansEHgTGS)

clanp termnatro resi suspensi on/ noun I gures

araphs of YL AOMBEALLEINGACY LN DU Akie) | Nekpgtangul ar pane

menber of q stiffne singl e transducer positions al ong
longer angl shorkep,0d6%; use of two or more transducer means,

exhaustive investigation of combinations of marginal
locations 1is imﬁfactical, but teaching is given as to how
to find best and other viable marginal 1locations for
second transducer means for any given first transducer

10 marginal location. Indeed, yet further marginal
transducer locations could be investigated and assessed
according to the teaching hereof. Somewhat likewise, use
of localised marginal damping for improving performance
for any given transducer marginal location is

15 investigatable and assessable to any extent and number
using the teaching hereof, whether for enhancing or
reducing contributions of some resonant mode(s), otherwise
deliberately interfering with other resonant mode(s), or
mainly to increase output power.

20 It believed to be worthwhile generally to take into
account the fact that lowest resonant modes are related to
length of the longest natural axis of any panel member,
thus that longer edges of substantially rectangular panel
members are sensibly always favoured for 1location of

25 transducer means, including doing so wherever feasible at
the best position for operation with single éransducer
means. It is sensible to see this as applying even where

use of another transducer means is encouraged or intended,



Figures 12A, B are related bar charts for neasures of snoothness of out put
power; Figures 13A, B are graphs of output power/frequency | Oor two
transducer positions with one varied along shorter or |onger ed eii Fi.gHir es
14A, B are related bar charts fox neasures of snoothness of oﬁﬂ%ui‘béh@f;
Figures 15A, B are output power/frequency, graphs and 15 rel ated power

snoot hness bar chart for a panel nenber 6% much | ower stiffness and single
transducer positions along the | onger edge; Figures 16A, B are out put

power / f r equRFRAN gr WpRSNgRd pbower SRBETRIESE bapMehamesanardecomndderlghsducer
positions 20al ong the shorter edge; Figure 17 shows conpari son of power

out puts wi t#FA¥ReSYEREY s Jirkfcedlf%%lgld?%f YRER: | AFRSTI caRRRINEndoste @dgeotor
the I ow stiffness panel nenber; Figures 18A, B, C show effects of baffling,
t hr ee25 edd@xﬂﬁgﬁp'%glﬁﬁﬁeﬁﬁFhPUFnggHP¥§r19A, B are output power/frequency

graphs and rel at ovwer, smoQt hness bar_chart fox the, | ow stiffness panel
nmenber cl anped alon rﬁlterYraélg: edges %efﬁﬁagjrf]salﬁgézfer v UW518~ g-aftZLEEQE7

posi t 1 ons <qf,d epLOUEL Roedasic il iy 32208, J& af £c QL out RANGH leayency

graphs an power: snoot hn ar“chart for t | ow stiffnéess panel

menber cl agg& 08t WR R RS 89085848 g Sribangducss RE]ES?%%] | 0g§30N

anot her ed Figures 21A, B are output power/frequency grap d related

power snootfesgebBrathaet Hektt Badl ewaphid faess Ranedismabel i tBouig
| ocal i sed cl anpi ng at corners/ m d-edges and transducer positions on other

| onger edgese 1Qi FEgueat2ZXdrs papgeer whaldthnelssvdannahanit drii ddiebt Dui
stiffness panel nenber with further |ocalised clanping between ot her
corner/ m d-gocint ad aspionglz. Another influencing factor could be
10 presence of an adjacent surface, say behind the panel
member at a spacing affecting acoustic performance.

It 1is inferred or postulated that the nature of
preferred said edge or edge-adjacent position(s) tend
towards what is fore-shadowed in our above PCT and other

15 patent applications, typically +viewed as affording
coupling to more approaching most frequency modes, and
doing so more rather than less evenly, perhaps typically
avoiding dominance of up to only a few frequency modes.
Such suitability may be for lower rather than higher total

20 actual vibrational energy locally in the panel member, but
high as to population by frequency modes, i.e. rather than
"dead" in the sense of little or no coupling to any or few
modes.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Specific implementation for the invention is now

diagrammatically illustrated and described in .and with

reference to by way of example, in the accompanying

drawings, in which:-



Figures 23A, B are bar charts for power assessnment w thout nornalisation
for the | ow stiffness panel nenber 15 with three edge cl anpi ng of
seven-point and full edge nature, respectively, and for positiqgkﬁhNaQ&kper
| ocal clanp along the other edge at which transducer neans has

unf avour abl e position; Figures 24A, B afe power output/frequency graphs and
20r el at ed power snoot hness bar chart for the three-edge clanped case
assessed with normalisation; Figures 25A, B are power outgut/frequency

graphs and rel S{¥FPower SBRBSE AnCSS PRt fdoracOPahtt ReRBir wokh
internedi ate_stiff.ness and single transducer ppsiti.qns,25 alqgng the | onger
edge with %oﬁﬁ%}:legat '%Ehr;lséjuﬁ]éuﬁess %%W?rgig?’e Cgelﬁcﬁft%ep%vxéf‘/ ftﬁ?a%uaﬂalregr aphs
and power e chart for the internediate stiffness panel nenber
wth seveﬂﬁégfﬁﬁgﬁg%%gﬁé%d clanping assessed 1 0 J U~ 2002 is without

nOr MRl | Sat i N} ] GreS 2ol ALESLA Aindilla i bh BOTTRLLST gYcEaEoRpVer

snoot hness assessnhent; Fi gures 28A, ar'e power out put graph and power

S5snmoot hnesgaParo£haitgipalt Be baber diiate i ffhesonanel peRber a~icl a
second transducer position along shorter edge; Figure 29 indicates seven-

and thirteen- peidiiréocal isseh| PaRigipias ppBlcea@niover 1lOrkhguneess is a
schemati c di agram useful in explaining inpact of in-transducer conpliance,
and Fi gur esnaldfirzldne pdowen efddustencypimel char aeHievd hect Dyks shokfiness

panel nenber for different edge conditions. 15 DESCRI PTI ON OF | LLUSTRATED
EMBODI MENTSn Figure 2, and Figure 3A shows transparent such panel;
Figure 4 shows four favoured marginal locations for
10 transducers shown in outline, relative to an in-board
location of Figure 1 shown in phantom;

Figure 5 shows the same four favoured 1locations
relative to another preferential in-board drive 1location
and favoured pair of the complementary or phantom in-board

15drive location;

Figure 6 indicates how any pairs and all four drive
transducers at such favoured locations were connected for
testing;

Figure 7 shows viable if 1less favoured pairs of

20 marginal drive transducer locations;

Figure 8 shows corner drive position and helpful
mass-loading at an in-board preferential drive location;

Figures 9 and 9A show four normally unfavoured
marginal drive transducer 1locations together with many

25 marginal mass-loading or clamping positions and how test
masses and drive transducers were associated *with the
panel; and

Figure 10 shows in-board area unobstructed within



In Figure 1, distributed node acoustic panel |oud-speaker 10 is as B}
described in W97/09842 with panel nenber 11 having typical optinmal near-
(but off-) centre location for drive neans transducer 12. The qa@Qﬁh@Qmm
structure 20 shown with core 14 and skins 15, 16 is exenplary only, there
bei ng many nonolithic and/or reinforcedlgnd ot her structural possibilities.
In any event, normal in-board transducer placenent potentially limts clear
area available, e.g. for such as transm ssion of light in the 25case of a
t ranspar enmavginpans| peemntipagel . IRHI nl grivansparansdueerdsns| ucedamp
resonant node acoustic panel nenbers m ght use known transparent

pi ezoel ect EREMEPARSOBEEN s ang. Fesafl Jeatt FusRAddsY MU 1 0 J 1~ N
2002 19 zircohate. However these are relativgly costly, hence the

al ternati ve appFodtheEheridof By afiei FHIRNS sOpoSUERAY tBOYEH( ETERECIEYonant
node acoustic panel menber ;10 mainly cl.ear and .unobstructed by opti.n sin

| oudspeakef®He iSHk§FFggﬁ§lﬁ%ﬁ%ﬁ§ﬁ%£%9ﬁﬁrtﬁﬁﬁﬁg(We %ft%figHXEﬁg%ﬁg%n °
Figure 2 directed to_the rqgin i et . and_| abel | ed
asgtypes éjr_SLE-l%SFE,esg’sa g] Isg‘% : el'%r%rrfsgcﬁfnéc i fgésc%#pérgsgsﬁﬁg \1/8gglgr]ft %ngn edge

(shown al opg J184) af.the panel menber 11 - as available by 10 inertial
action or reference glaﬁe related drive transducers T2 - |aunching

transverse bendiphg,pakes 23l 0ng e adom e S aMy-@d opgr 188) sak-ekhe spanel
menber 11 - as available by laterally deflecting the panel edge 15 using

bender act kpRodhn¥ast LENSRAESRIES pbiver ;2PPl yi ng torsion to the panel menber
11 as shown across a corner between edges 18A, B - avail able by action of

ei ther of benderiguregeriiml Bypg&adrdyeplis aosduetpmt?Oddwerpredytiengyl i near
deflection directly at an edge of the panel nenber 11 as shown at edge 18B
- avai | atd €oat twoc alranegivae rofpoxdrtianis i timesna aramidd oaldngvehorter
transducers. Figure 3 is a scrap view of conposite panel 11 25 show ng high
tensil e skpms lohgel6 egdlgesst ructural core 14 r

Figures 14A, B are related bar charts for measures of
smoothness of output power;

Figures 15A, B are output power/frequency graphs and’

15 related power smoothness bar chart for a panel member of
much lower stiffness and single transducer positions along
the longer edge;

Figures 16A, B are output power/frequency graphs and
power smoothness bar chart for second transducer positions

20 along the shorter edge;

Figure 17 shows comparison of power outputs with
transducers located preferentially in-board and at edge
for the low stiffness panel member;

Figures 18A, B, C show effects of baffling, three-

25 edge clamping and both;

Figures 19A, B are output power/frequency géaphs and

related power smoothness bar chart for the low stiffness

panel member clamped along on three edges and transducer



Wi th drive transducers/exciters 31 - 34 for the abovenentioned four types
Tl - T4 of edge/marginal drive. In practice, fewer than four drive types

m ght be used at the 1 0 ~ur~ zoo2 20 sane tinme on a panel which can
useful Iy be acoustically and mechanically optinised for the desiledUN 2002
bandw dth of operation and for the partigular type of drive enpl oyed. Thus,
an optim sed panel nmay be driven by any one or nore 5of the different drive
types. A transparent or translucent edge-driven acoustic panel could be
nonol i t hi cPogigiosf grasbe dowrtisigddrrd core structure using suitable
translucent/transgarent core and skin materials, see Figure 11.
Interpretation Hf Hrﬁsl@QAVi§%aﬁr8iQHQBVQMRQW?Nﬁfkeﬂﬁﬁ €XaBrérhfe 3¢ een

I to b ed | oud ker, h i tabl i gh_ bendi tiff
2l ong. wi thEFOR FdsS A PP PSRRG=E DA CPorEKERS 196 18R SHGAEATG o
| i ght wei ght f terial 14A usi t adhesi B
168, Aer ogBPies HRrBPREl cCLPEPER: rBhel YA G Bor Gle ST ST aRET say
of siIichtIéﬁgaggggnb %ﬁtﬁkﬁﬂ?kﬂ?%ﬂ% é%%g %ﬁ ékins may be of | am nated
or made i plas 12

structure an romtransparen S'material such a pol yester,
or fromglass. fopyeali onal, tjgansRARM Sk £ 8¢ aceghpy
20such a transpargnt acoust'i ¢ radiatorE%%ng, idﬁ?ﬁ%ﬁﬁénm?tﬁ&gggus%ic

exci tationpguhsbde gohist sMELEANRBIN 1GF E6Ra Rt EForA 1k t oW At iFidal e
silica aerogel coré material is (RTM BASOGEL from BASF. O her feasible

core mat er pghslcCaidhbdnclbigle esalfiard icrameimgeht f eoFney-Jyaiel-clges

25i ncl uding nmetal oxides such as iron and tin oxide, organic r polyners,

natural gehad aménediker ayngelcns fowasthen| bongai-t aibe;pl astics skin

| am nat es may be of pol yethyl ene terephthalate (RTM MYLAR, or other

transparient nat @igahe 221 ik ,SPpdwEP2sBdothness bar chart for the low
stiffness panel member with further localised clamping
between other corner/mid-point clamping;

Figures 23A, B are bar charts for power assessment
without normalisation for the low stiffness panel member

15with three edge clamping of seven-point and full edge
nature, respectively, and for position of another local
clamp along the other edge at which transducer means has
an unfavourable position;

Figures 24A, B are power output/frequency graphs and

20 related power smoothness bar chart for the three-edge
clamped case assessed with normalisation;

Figures 25A, B are power output/frequency graphs and
related power smoothness bar charts for a panel member of
intermediate stiffness and single transducer positions

25 along the longer edge with normalisation;
Figures 26A, B are output power/frequency éraphs and

power assessment bar chart for the intermediate stiffness

panel member with seven point localised clamping assessed



with the correct thickness, nodulus and density. Very high shear nodul us of
aerogels allow extrenely thin conposites to be nade to suit mniaturisation
and other physically inportant factors and worki ng under distrildltied 2682de
acoustic principles. If desired, such transrarent panel could be added to
an existing VDU panel, say incorporated gs an integral front plate. For a
pl asma type display the interior is hel §°at | ow gas pressure, close to
vacuum and is of very 10low acoustic inpedance. Consequently there will be
negl i gi bl ewdathositi qarmtadrigcttiion behi nd t he sound radiator, resulting in

i nproved performance, and the saving of the usual front plate. Fox film
type display tediovinsg e37AagBi muehesimbiar t bahspdténtnermabismy Berbui | t
using a 15 distributed node radiator while the display structures behind
may be di nensi oROWeANFTELIT I AP FFRM]NYe acoustic properties which aid
the radiation of_ sound fraomthe front panel. For exanple partial acoustic
transparency fof XOH&ES%ear88i-spPayaEEr LFE‘?“(I‘?%S QHERUG e @R R0OBAK RRVET

reflection and i nprov erformance_for the distrjbyted np speaker

el enont . 1 ATORENRESE diak h%h?f‘gh%%m i Agt Q% Gt iwﬂ&w Reb8Ndy be
deposited on the rear, surface t.h [ rent. .di.stribyted node panel,
W t hout si aﬁl I Eanf‘“flrrpaedisrr%%?&%o § asﬁsaog&sjs i %Oﬁgﬁgﬁbrﬁﬂé’ﬁg t f Oir%E es
bei ng view%g %non1the front side. A transparent distributed node
Ioudspeakerrﬁéy al so have application for rear projection systens where it

may be additiongi; A FANS| HeeRh+ 86T €8RvRN - Nighd UNCh] PR-BRY 1B U-~l
2002 22 itself bégﬁﬁ%orporated wth a suiyébly pr epar ed su? ace éﬁgfear

proj ectionyobB1tiRied GASAdiRRy L) H51 188 HHdwAce ands the screen may be one.
conmponent both for convenience ' and economny but also for optimsing
acousti ciperf or FaREEe 3OThEs r£adclsdmdt imyd ey seh egé€thul 0i hakgpaaphajnect ed

i mage, or alternatively, the optical properties of the core may be chosen
for projectimpactsef Hor-tevsamudwam ddvepldsmecef snd oudspeaker panel having a
relatively thin core, full optical transparency may not be required or be

i deal, 10 al | owifigurtes Hdi-de afe ghowenagffiicienydy bamnshartbnfoeotde, e.g.
ot her grades of aerogel or nore econom cal substitutes. Special optical
properties leomerbe stifitmessw t pamied coremked/ or fone slififegensice edge
generate directional and brightness enhancing properties for the

| 5transm t CORIEFEEE - | mages. Where the transparent distributed node

speaker has an_exposed front face it ﬁgx bhe enhanced, for exanple, by the
provisio%SS?: |ﬁ59“ﬂ9ﬁxﬁE¥Q§Tgﬁ%ﬁQ) IBRRIENE or transparent, for user

[ t of dat ) dg.to t 2 ._ The t. I I
be. enhanced hy SBEIGal - cOAPPROBUET ditiRe AN e aharOher RBFGUET
scrat ch regigst aCe,g O SIRL PV s ANl SHIALE, COALENGSande £OhE.ANG yoki n
for the transparent panél “nmay be sel ect to havée an b?lcm %lrﬁ, or

col our shadiu, o {02881 " Ala NURCLD. | TRIAYCoE RE) Vicialy LORLLARY oAt 03

for the displayuse Incorporated in the distributed no

transpar entepangl-i $Realns Dufan@diiedd acs Ure Bhe t R dd8PaseRhicture
di stributed nodel panel, invisible wring,

20 shown with core 14 and skins 15, 16 is exemplary only,

there being many monolithic and/or reinforced and other
structural possibilities. In any event, normal in-board
transducer placement poteﬁtially limits clear area
available, e.g. for such as transmission of light in the
25 case of a transparent or translucent panel.
Mainly transparent or translucent resonént mode
acoustic panel members might use known transparent piezo-

electric transducers, e.g. of lanthanum doped titanium



1 0JL~J 2002 23 e.g. inthe formof mcro-wires, or transparent
conductive filnms, may be incorporated together mnth i ndi cators,] . QN 4002
light emtting di odes (LED) or liquid crystal displays (LCD) or simlar,
allowing their integration into the 5transparent panel and consequent
protection, the technique also mnimsijng inpairnmer.~ to the acoustic
performance. Designs may al so be produced where total transparency is not
required) e.g. where one skin only of the panel has transparency to prOV|de
a view to BHFIRTEF al WPUPYEY FhEREeATPhALLSGIVEY, aPrtly andemeer heay be

i ezo-electric or electrodynamnc accor to desi criteria |nclud|n
BI’I c?a andt?)]e??’f)‘??l'r%h\ﬁ%t od’é:rhaglbd : tg g)th ar€n el g‘zten%ﬁd Hor?tqjlbl et8 gs
sinpl e out]ine elenents si nde 0 e ane sui_t abl e
adhesi ve( g‘ﬁov%e%ﬂn? 'bemﬂgl vea%%?rtja?l Fimqln ’%?5"5? tr]a?ns‘aﬁég}yBl i's
shown driv vertlcall direc r to e .30. For
above T2 t e of & é?%#%af%%n gﬁ&% ype Paﬁ?&ﬁ%éFp3 eﬁégghomn
operative {0l dmﬁg}L %ebeRding, r '&y ggcgeé\%&%&h N VBYGR (ghrough
t he | oudspea &r%panal 30 For ab rive excitation, nertla

t Fansducer, 3§1kécéaaweosec_rnfé rngaieglﬁgf b%ct éﬁl@n&?é‘ﬁ' S L& | Vipg i nto
t he di agonal and thence into the whole Ioudspeaker panel For above type

T4 drive exghdplé@nadneypes 22 Lnestiak fFoansdugcer 34 is shomm of bl ock or
sem -circular formserving to defiect an edge of the | oudspea~Cer panel 30.

Each type pf exTaththORgWebhpesgendar wat/esodmto ah ~edgd ¢oadwat aLlbsbi C
drive to the panel 30 which is accounted for in the overall |oudspeaker
desi gn i ncl udi ngshpr avet etlse of palel panehb&@D i1sel £. dhe alratkabht obyt he
transducers 31 - 34 along the panel edge is in practice iterated with
10 inertial action or reference plane related drive
transducers
T2 - launching transverse bending waves along an edge
(also shown along 18A) of the panel member 11 - as
available' by 1laterally deflecting the panel edge
15 using bender action drive transducers
T3 - applying torsion to the panel member 11 as shown
across a corner between edges 18A, B - available by
action of either of bender or inertial type drive
transducers
20T4 - producing linear deflection directly at an edge of
the panel member 11 as shown at edge 18B - available
at local region of contact by inertial action drive
transducers.
Figure 3 1is a scrap view of composite panel 11
25 showing high tensile skins 15, 16 and structural core 14
with drive transducers/exciters 31 - 34 for tﬁe above-

mentioned four types Tl - T4 of edge/marginal drive. In

practice, fewer than four drive types might be used at the



5t he panel design paraneters for optinmumor at |east operationally

accept abl e nodal distribution of bending waves. It is envisaged that,
according to the panel characteristics, including such as conioUl/dd2008ss
for exanple, and the |ocations) and types) of marginal edge | Oor near-edge
drive, nore than one audi o channel may %@ applied to the panel 30
concerned, a . g . via plural drive trafsducers. This mnulti-channel
potential may be augnented by signal processing to optim se the sound
quality, armmer timeopty gl pheedowtdicladiani orsgfwplr t bes adowstdiaal Bven to
modi fy the perceived channel -to-channel separation and spatial effects.
Parti cul ar lapndsarechapi eaylyr ot inbpsduder | bhat idasirgdbnhandyaedtdf of
substantial Iy 'rectangul ar _panel menber, are at edge positions reached by
ort hogonal SHF&GIaaiand BoFi hEs é’ra%-cd’rltﬂﬁati&etﬁgoéﬁﬁvgn Ry
optimal or preferential, dri v(g tranﬁducer kPos' tjon a](a:cor ding to our above
PCT appl i catf¥h, XEbLREEMETFAt PA2%o WY PULTHVER gbY e2BY PG LTdtWS |y

practical tg e dy.i tr ns%fers at at least two such co-ordinate rel ated
edge 25loc&f (Lﬁ‘se Eglé-/feeéﬁfna&ﬁ ¥e 6 ¥RB%s i n- phase serial and

serial /parallel ,connect] or t ive transducers at A and B.
QG her driver cor‘?‘necr%tr%glr%%gfeegﬁ e%%ltgﬁ,réq’xa%lgwﬁeay ofefdeci]e gglslpr% erarcgoc}‘}Stfé]

| ncl uding qidgal | Yourd Be) dbhol 202025 LBE- 1820BIL3 Ca5H LEANSAUGRL
nmeans; and "any desirable signal con I tioning nmay “be applied, e.g. _

di fferenti alodelAnhRdtutd | i€1hHIsAE Eablay th@nsliicam@Jeatdrip Heritndasid abl e

interaction between transducers and/or with 5el ectrical signal source and

favoured drinee dkinsdaeerifvsi tisers BRure QP4 - | InEkgpietdtiomiiivd tD

i n-board preferential |location PL. Pairing can be one from each

co- ordi nabey visualCRligpiafPaniCPAvany GRY; €RpbhadthP4sceénand sPlo and a
first favoured pairing is the one 10 notionally defining included area that
i s greatesthe i mske@dascentlmudspaekgeonmern deveeati eakl y Sikyhndédérahialg ar ea
will, of course, further pass through or contain other usual optimal or
pref erenti adtiiffrizoss dadeinge vibhsduewer neesi t L6n, corger icoimd erenpaly |latati on
CL and 15 indication at CP5S and CP6 for the first favoured pairing of drive
transducer $kigw i BP8. [LEAhEamsdeichhngr astiightweithte ¢oreaofergernafl Q
panel that preferred and npst preferred pairs of orthogonal co-ordinate

rel ated driWFe%ocdk ity 2HPr HﬁE‘@pEﬁBEI pABgFdTEY 188G p It R hathr§HBESe nore

ext ended _and uni faorm even than prior, preferential |3ﬁ80%l%;jtﬁg:u% neasfae);
i er

centre pdSiTeionstaHi n®Ft GILRe Todat atR°Y3rs afP

frequency range., O f-axi s response is_simlar at higher frequencies hut
actual |y soﬁgmﬁh}l%re m‘gﬁ‘ﬁ%ﬁ‘t 0BT at TP ST qUETET €8T Bigit%e " 5hows

sel ect resylls f fgmfégﬁéh”eé‘#r Eﬁ?epaalr{cf/cfé.h{agl@df'fc‘?&\s Jxoénégﬁﬂzcéht
ort hogonal "angular telatrve relatron rs nai'ntai ned centred on above nor nal
i nboard plastics material such a polyester, or from glass.
Conventional transparent VDU screens may be ‘replaced by
20 such a transparent acoustic radiator panel, including with
acoustic excitation outside unobstructed main screen area.
A particular suitable silica aerogel core material is
(RTM) BASOGEL from BASF. Other feasible core materials
could include 1less familiar aerogel-forming materials
25 including metal oxides such as iron and tin oxide, organic
polymers, natural gels, and carbon aerogels. A }_:;articular

suitable plastics skin laminates may be of polyethylene

terephthalate (RTM) MYLAR, or other transparent materials



~0J 0 ~1 2002 26 preferential transducer |ocation, specifically nost
beneficial for co-ordinate related margi nal drive |ocations SP& aq? 3@@

but the transducers are tested at positions relatively transla ng % 2t he
panel edge. SMost viable/promsing pairs of |ocations are indicated at
pairs of positions~~ia, |Ib to 6a, 6d. Fegure 7 actually also shows results
of anot her experinent where pairs of transducers were at opposite ends of

straight lin t hrough_the preferential in- rd drive.l ocation SP1, 2. 10
Fewer Vi abY’%&%rot SingT ggétigrﬁééﬁél?gsfou"ﬂ%&‘gﬂl%oﬁr’tdi oﬁ?nﬁé%YZd a%ré'a, 3d.

Vore exper Lt alysgck RARI] e vaLLhulile 1ol bl veckoLBhIST PRIS, Of

nore of edge=drive positlons, t heor al / systemat rsing wo IS

at t enpt ed-?&ﬁ\p%htep,e @PPpeCiARd £rom didenshonsugyehed ondatdy agiRasur ed

at pairs of positions giving viable/promsing neasured/assessed results

that Figurghysi&aldy Shipbildaht Catddms fMAuerSi s§ouadarbPangk ri®uefescore
74 and skins 75, 76 structure, and having near-corner-nounted transducer 72

1"' 20 wig hod@sacbasdiagprdndifsieanti ally at an ot herw se normal in-board
preferential transducer, actually the one or in the group furthest away
fromthe cornerlbfdexdireat,i audly thenspaneduceané2, athileh bhs &dded tte@ be
particularly effective in appearing to behave as a "virtual" source of 25
bendi ng wase \\@xirsttirgns VDI panebe ashnantiageaporadred hest ransdontegrtad avoi d
or at least couple outside a ,position with a co-ordinate |ocation

subst ant i afrgntemledd at Frofa sPdeswandiydicondispbayt decoineer orsush,
where it has been ~ 0 ~ ~ N 2002 27 established that many resonant

nodel s) habelflodéslaw gag dareFBrEE: oRAPSEcHyiMaEUUYr ARG 18 PiLgiesyo,
outline is_indicated for an investigation involving sel ect single positions
for one Sb4g¥ oRCEHFELS] MMRIFNICHsducrORDTRLERELY sebhgresTy1ll ~ be

negligible acoustic interaction behind the sound radiator,
resulting in improved performance, and the saving of the
usual front plate. For film type display technologies,
again the front transparent window may be built using a
15distributed mode radiator while the display structures
behind may be dimensioned and specified to include
acoustic properties which aid the radiation of sound from
the front panel. For example ©partial acoustic
transparency for the rear display structures will reduce
20 back wave reflection and improve performance for the
distributed mode speaker element. In the case of the
light emitting class of display, these may be deposited on
the rear surface of the transparent distributed mode
panel, without significant impediment to its acoustic
25 properties, the images being viewed from the front side.
A transparent distributed mode loudspeaker may also
have application for rear projection systems where it may

be additional to a translucent screen or this function may



ST4 for in-corner, ~i-ialf-side length, quarter-side |ength and
three-eighths side-length, respectively; and sel ect positions for i
edge- cl anpi ng/ mass- 1 oadi ng at edge positions about the panel. 1A ﬁn¢iggbpg
transducer was used, see 92 10 in Figure 9A relative to panel 90, along

wi th | oads/cl anps by way of panel flankkgg/gripping 93A/ B nmagnet s.
Performance using the corner exciting tfansducer position STl was ai ded by
mass-1oading as in Figure 9A at positions Pos. 13, 14, 18, 19 - including
in further it5eddnihaatingerpiatatstchevipbsia i snstabdy eadpanedt sansdueer
position ST2, good single nass-loading positions are Pos. 6, 7, 8 perhaps
9, 11 part ifeyl aely, PrRiaGtioRgai AN AELEIIGRES oRde NBYPOHASt MPDH surieace
positions. Combinations 5 - 11 and 6 + 11 were of particular val ue, ,

i ncl udi ng PR tHeFeeBnBrNati®onele FEPMBRELHENPAttankatic 6PNYESIENSE ST3,

good single ss- | oadi ositions are Pos. 5, 6, 7, 13, especially the
conbi nat | oA SFOPPTYAUD 3193, tPRe BB BTIGMAEOUS TR RRFEormante.

mbi ti f th nbi ti . iti t d iti ST4,
best posi 1 0RE FEAT e 1 BubeBR. S2RIEaG NePhe RESTE5HSTs IARESe for
the other %écbh%%ﬂ%§%£¢émi,sgﬂe'O-E'céﬂ Ct§%49t§ggm%§it%%?i&%ggrghy

| oudspeaker 8 avi ng an 1n-board unobstr regron ndr ng

thr oughout pandpostn o 2903 28 DX 0NGe 0T FY: Idlchgard pief preptiaal o i ve

transducer locations, and a nmarginally located tr ucer e region 81

may serve Hor figdpeavkPHr pasRy dhiethdya HeILPIRSEP! 3QREIIGAY, CLnied by
t he panel 80 w thout 5affecting acoustic perfornmance, or sonething behind

whi ch the bpudspeakerapapakeBlypagsgs.naayben ekgaerspachng rNdhideal,
transparent or translucent. Both of |oudness and quality are readily
enhancedi o théolvanaer thy adéoticenabfdr aleernanddeceisghudi eraushy tpliaeed
(not Shawn), and 10 quality by | ocalised edge clanping(s) 83 beneficially
to control cpaesicut ag . nuddlewi gratiesn @bi aesogieflecodrvelorasepaneimical
term nation(s). The panel 80 is further indicated with |localised resilient
suspensi onsvdstiispgtesd nefpealiby @Pte\val bphebertakby meayarei wgmbd miegy ed
acoustic 15 performance. H gh pass filtering 85 is preferred for input
Signal s t ovdtiye theanserEer sFn820Tcomeni EMYY tIFE3Fe t BOr aggBEFR test
reproduction, say not bel qw 100Hz for A4-size or simlar panels. Then,

t here should&rﬁé‘ﬂ'—18€%yaﬁgolﬂ%‘?r&e$%vﬁp RSy PEABFFEXEFt O HP&t i on.

20 It is g vant ageous, i n ter for acoustic performance to control acoustic
i mpedanct” IFFAREAY to5 S 1P BP9y to be relatively lowin the margina

of Der Bheral ¢ SRGaR SAFESCLALAY LR L i e e saledieer

exposed front face it may be enhanced, for example, by the
provision of conductive pads or regions, visible, or
transparent, for user input of data or commands to the

20 screen. The transparent panel may also be enhanced by
optical coatings to reduce reflections and/or improve
scratch resistance, or simply by anti scratch coatings.
The core and skin for the transparent panel may be
selected to have an optical tint, for colour shading or in

25 a neutral hue to improve the visual contrast ratios for
the display used with or incorporated in the di;tributed
mode transparent panel speaker. During manufacture of the

transparent distributed model panel, invisible wiring,



25control provision includes significant clearance to |ocal planar nenbers
(say about 1 - 3 centinetre) and/or slots or other apertures iﬁ(gq“%ﬁ%mk
peri pheral fram ng or support provision or grille el enents. - f

2002 29 It is further feasible and advantageous deliberately to arrange for
such as nechani cal danping to result irm3acoustic nodification including
loss in the area 81, or even also marginally thereof, not to be obstructed,

| for hi f i hi ' i als,
av Steast Jor Wonar reauen! ssc T3, a8y Be dongdu ohg) cs.oh dRigeial s

e.g-. mondl iR hi e carbonate or acrylic'and/ or ‘Surtabl’e surface coating

. : . ! . !
or l'am natgq GonstLychEonRegid by F%(?%E[%Hé/f \9998‘3%5132&5%23@ QO:‘(F;O stic

radi ati on to.margi nal regi ons “about p drive trans tTcularly

facilitatqgéﬂgprggﬁgkhg@ ofj18BES t MEBADPNRrSoungdusRantelscal |&ash14ps
near-field I stening as for playing conputer ganes or 1ike |ocalised

virtual soupthbist age appliileat,i oaslokihighethaway, inesgiragieveniatomuithépl e
as-energi sed sound sources need not be 15 problematic when summed, at | east

for suchsasasparentsuphnel eandat abhepgueiihepiokkeatiiog , Tatle tgeolesiqed evant
physi cal paraneters of actual panel nenbers used for investigation to which
Fi gures 1128 reiatimis28g25npairmdnt Jty Nh200Rkoustic performance.

- Designs may also be produced where total transparency is
not required, e.g. where one skin only of the panel has
transparency to provide a view to an integral display

10 under that surface.

The transducers may be piezo-electric or electro-
dynamic according to design criteria including price and
performance considerations, and are represented in Figure
3 as simple outline elements simply bonded to the panel by

15 suitable adhesive(s). For above Tl type drive excitation,
inertial transducer 31 is shown driving vertically
directed compression waves into the panel 30. For above
T2 type of drive excitation, bending type of transducer 32
is shown operative for directly bending regionally to

20 launch bending waves through the loudspeaker panel 30.
For above T3 type of drive excitation, inertial transducer
33 is shown serving to deflect the panel corner in driving
into the diagonal and thence into the whole loudspeaker
panel 30. For above type T4 drive excitation another

25 inertial transducer 34 is shown of block or semi-circular
form serving to deflect an edge of the loudspeaker panel

30.

Each type of excitation will engender its own



30

Lower Hi gherInternedi ateStiffnessStiffnessStiffnessPanel panel " Panel Cor eRohac
el | A1 honeyconbRohacel | mat eri al Cor el . 5nmdmr . 8rmt hi cknessSki nMel i nex ~Bl ack
gl assH ack gl assmateri al Ski n50 ~ml02 ~, ml02 ~nt hi cknessPanel 10 JUN 2002

Ar ea0. 06n20. 06nR0. 062 Aspect ratiol:l.%%é:l.lSl:l.lSBendingO.32 Nml2. 26
NnmR2. 47 NmstiffnessMass density0.3S kgm™20. 76 kgm 20. 6 kgm 2ZnR2. 7 Nsm 124. 4
Nsm 19.73 Nsm1 Figures 11-14 relate to the higher stiffness panel nenber
of the firsharatuenisFigudes ves-0a tdet neangth 39 owkicht iifsf nassopanet
menber of the second columm, and Figures 25-28 to the internediate
stiffness Paneinnehbepveral helpnppgcadiedmiesitn oinehed rapRsramesescoust i ¢
out put power (dB/W as ordinate and frequency as abscissa, thus show
nmeasur ed 10f akBBsPrECduBPutl - asTRe f BLRAGEMSR o ridiftichEgnSEYPSEESl |y as

a trul |l otted_dotted |ine. Mst. of_ the.graphs al so show an er .
adj Ust ment3bf -t Ad PRGBS oRE HATE: FRITehti ORed AT SIRE ot eaHBFEd PRED

Corargn: 1EHE, HAMEH 16t Lot Ct T cEoha et RHER 1t rae”or eBten
encount er egoetLeebialyl AcctblaBle PMEEAR! aidelidubiBn20B2 3hchauRy

frequenci es’ at™ snoot hness of power nmakes significant

‘contributign,to qualficty;of SQEhgEsoRrasUCh YR ised yakye obahRe

actual power output, It Is advantageous to produce assessnent of  snpot hness

by 5 inverggapicpeansgausr e ﬂeai@&i@?, Alth M ebnlthe103q Phefss akgyof
that type. The higher stiffness panel nenber for Figures 11-14 is actually

somewhat | egamgléf f ahBakhehatodiaeihd @f) pagdi eypeRisJuics MaBydnf1 Bugedoes
clearly show preference
10 or near-edge drive, more than one audio channel may be
applied to the panel 30 concerned, e.g. via plural drive
transducers. This multi-channel potential wmay be
augmented by signal processing to optimise the sound
quality, and/or to control the sound radiation properties
15 and/or even to modify the perceived channel-to-channel
separation and spatial effects.

Particularly satisfactory drive transducer locations
along edges of a substantially rectangular panel member
are at edge positions reached by orthogonal side-parallel

20 lines or co-ordinates through an in-board optimal or
preferential drive transducer position according to our
above PCT application, see dashed at 42 to 45 - 48 in
Figure 4. It is actually practical to use drive
transducers at at least two such co-ordinate related edge

25 locations 45 - 48. Figure 6 shows in-phase serial and
serial /parallel connections for two and fou'r drive
transducers at A and B. Other driver connections are

feasible, and may often be preferred, including directly



| O or single transducers to be |located at positions corresponding to
co-ordinates of in-board transducer |ocations previously established as
optimal, i.e. at about 3/7, 4/9 length fromany corner or about ?.42-0.44.
However, there are substantial spreads of prom sing |5potential ScdbNoai2
bet ween and beyond such positions for eaggh edge, actually wi thin about 10%
and 15%in the mdregions of shorter and | onger edges, respectively, and

further within 28%and 30%at, quarter-length positions. At least for the
most part, F13al° poss t itGhsCroR %ﬁ%‘?‘%‘b‘fﬁ’gr M@ ior 2REar 2BHged¢DEERAPDE are

based on spagci S ntd ally corresponding.t.o fhe difference between the
preferenti %%%@orﬁ;acf%‘llv%}luré o?"a@{ 4%‘? orapl%r}- rd @ Gansdickrerertiabn and
t he m d- poi 5)  of ¢t : it wwth alternate spaci ngs increased
to 0.09. uSdl}teiLla(’g S?r'i al f}gggt@?gﬁs ?rée@t hugé\é%. og,o 0.9%% 0. §§,%‘“6.%§§,n 0.9@, Y
0.50. , Inyhedmidbidt ;i | e | gra and bar
charts are substantilal I ;hggﬁf%gggﬁgng?g%?ggs &iﬁH%&'aé%Jg% 2%’6‘3935 t'6t showi ng

best and preasigtmhloapr @igeiang ls_@ﬁ%%leonéntﬁOrféwf&fiséjé'c%sivé‘n%{a%sc{l@cc&[i sed
cl anping as feasible for inproving | ess prom sing transducer '10cations, see

Figures 23pdsiAsidray a®isi nglep4 ransdeeguredds Ofe QR ¢£dge, | qg@_tﬂcp‘ﬂ,ds
concerned, the other two tested panel nenbers of nuch | ower an

i nt er medi aperestedfdmeisslesl atsbishowlii.he pateing- ket dbeo-gHdi rabe LErence
on a snoot hness of power basis, see Figures 15 and 25. However, the | ower
10 stif f nes®-sadEinatenbel . ¢hol@Bl amaché?PhantPdf andardps ,ascps O&ingl Meh4

| ocati ons rangi ng fromabout quarter to below tenth |length from corners.

I nterestin§F¢, PRdaGREsmemd i8 babest of aafhireidenpypiriing aBDUtie Oforeower
output -_as would _bhe the case for a nmedian |line through the true 15 out put
power pl Y PR&Leg ey badsining fdrchidadsqaaee dehatti ohs- igreatemts band
beconmes skewed to enphasjse the quarter |ength position and is nostly
preferenti é\#\%te(?dt'hé: g e oPEPRaEEiFel aceatFesik i onSushe noniersd nean
square deviaggaon bﬂ cha%t of Fi gur 31ﬁ. The 20i nternedi ate stiffness
panel menb&r Veel's—t owa?ds N Shar JLEEPESt iR2®F (NG heroBt icont@sd panel

menber in i.ng m sj spread between the.in-board preferential
coor di nat egggl\sgiﬂsi ol?lsél,%gut 8§Egg'a§hov%r prBﬁ?gﬁrﬁPtéBgut }hebomEdt efitivieengt h

oSt L1 o0, c25ekiyi] BEspRERe Ll IEARI elrclion oL LA, oo L pover

plots by those skilled in the art ere a _

ie lee cat a%qggla}ifeﬂg]pﬂ A echs apRAUCHs C9E LAGA; Q% | LTSI AB40 s THagt on
of drive transducer locations.

It has been interesting to note for a very high Q
panel that preferred and most preferred pairs of
orthogonal co-ordinate related drive locations can precduce

20 low frequency output that may be more extended and uniform
even than prior preferential in-board much nearer centre
positions, albeit with some moderate variation in the
higher frequency range. Off-axis response is similar at
higher frequencies but actually somewhat more symmetrical

25 at lower frequencies.

Figure 7 shows select results of an experirr{ent where

pairs of transducers for which orthogonal angular relative

relation is maintained centred on above normal inboard



~~ ~ ~t~N 2002 33 sound reproduction - for which nodality is nornmally taken
as a significant factor, i.e. nunber and evenness of excitatiogdff r esonant
nodes. |f characteristics such as nodality are seen as nore pr sﬂﬂbZﬂ@ﬁ

| ocations 5 indicated as preferential on the basis of assessing snoot hness
oi - output power, it is, of course, feasible to process input signals
towards what is shown after above nor mef sing - specifically selectively to
anplify low frequency in a formof signal conditioning or equalising. 10
Thi s woul dprefierert iahdeedransdaderpowkocavadhabl espechdikadatyi onsost

optim sed on efficiency basis; but obviously not the efficiency itself as
nmore i nputb@oetichas tofde used-ordtvatengl yelathdr wagzgahailncr dasivag

| ower frequenty |5power were investigated as foreshadowed above, nanely

baf f1i ng ahetaticeseEFilvaind spBted ubcdihe| BrpnagueeTrBuldradygesetdnptng.
Figures 18A, B, C give indication of generally benefjcial rajising of |ower
frequency BaEpbtoRdr Z&hatobirRit ng FETdidted ERUAY aFBg ReRebordgeeat er

th 20t he | ti |, rigid cl [ f all th d t

af Tor di ng KPEhs NABRR oF BESPR G ea i HER b TRUGR L08R 145 A EReRsl Ab. Such

baf f1i tends t i ntail dality.b I /S _he f i ble.i

sgeci;?g aﬁ%f?ﬁagFg%%%”'éggggi%8;y¥l?ﬂ#?n?%vgs<?gar? %U%% 6?:%%PH§1%gseened
"t hwhi | I ' af | t |

R e i T

basi s tendggaéggﬁgg?§5i%@r@heaﬂuagﬁ?béfﬁgﬁrbﬂﬁgntoforﬁpggﬁggE fghhegdge

10JUN anping at true parallel edges or three ges, an

7poi nt | ocah 8098 €haMpired cile ROrIET $n D82l dapekBt 9 RS dlon Xspi N Figure
29, with the edge of transducer |ocation unclanped along its length, see

bar chartsrefel 4aea e¥Honh 43 @d1Bcatespectwened y £obinievas . pd3iBobAk
clanping as at 'X + '0" in Figure 29 shifted~~e~nphasis strongly to the
i n-board peeferentamd cagr ddat e Mms t eRperAneessientocikt pargelwaEnbees with
cl anping on the basis of power snoothness produces nmuch the sane results
for indi cawpohhwhile relative to other pairs or more of edge-drive
positions, and theoretical/systematising work is being
attempted. It will be appreciated from dimensions quoted
15 and as measured at pairs of positions giving
viable/promising measured/assessed results that Figure 7
is not strictly to scale.
Figure 8 shows a panel 70 of core 74 and skins 75, 76
structure, and having near-corner-mounted transducer 72 o
20 with mass loading 78 substantially at an otherwise normal
in-board preferential transducer, actually the one or in
the group furthest away from the corner of excitation by
the transducer 72, which 1s found to be particularly
effective in appearing to behave as a "virtual" source of
25 bending wave vibrations. It can be advantageous for the
transducer to avoid or at least couple outside a‘position

with a co-ordinate location substantially centred at 5% of

side dimensions from the corner as such, where it has been



| Oof best transducer |ocations, see bar charts of Figures 19A, 20B, 21B and
22, but with considerable differences as to next favoured pOSitiSQﬁ’Uﬂ§ZMﬁ
generally confirnmed by inspection of true output power plots. In eeg,
particularly strong general correlation is |5found between preferences
based on skilled inspection and assessggnt accordi ng to snoot hness of power
output. In turn, this tends to confirmat |east slight preference for such
assessnent unless there are practical factors thag l.ead to preference for
ef fi ci encgstaPhépheRant Gl i“{)a;fly 2B5EROBGR Tt HARIFES ) ndt2 e ROERSdi ¥ F ent
anyway. Anot her, appl.i cation for.|localised edge clanping is in relation to
inprovingEQHLUﬁBF§%¥9 FHrshtic®r edge I ocation, see bar charts Figures
23A, B showi ng.right ha r t han | eft, .hand .sj de f e cqoncer ned
as 25 othermﬁsgufﬁl e ggamﬁ% §£? e égggﬁn%%néginggd?gﬁggg tggﬁ fﬁg | ower
stiffness. : [ ful i t dges n

poi nt cl a%%?’%%!tl\%lg?ﬁ%g I gggﬂﬂg’gcﬁlggl %ﬁgéégri%gl%%ng{% é:e'Lsarre gggest?s@t he
tfanstC§red§%ar1§r- dge-2a) ettt 20P2ndaukbBrbaidusesss, Wkl Uke i BRROVemENt
results at about the~quarter |length position fromthe corner nore renote
fromthe exgi t®y - i5e8oh8keY ENGR1 Pasigk NiedRfrhangusirde rofs idieguren for
no_cl anping condition. The spread is 5 greater for the full edge cl anping
case, see ghidguiere3beidWenscditrr-aldisgh Sagespeenti vedtween aasls esshEdt S
based on power efficiency and power snoothness, it is worth bearing in mnd
that any paadltimeebedomiddget abpinpingfmessnépadiog e exdipe Wwddi wivreh t he
transducer is | Oassociates effectively has forced nulls at the corner.
Ther e t hugboust the ypanel hal Anwexsd idrigichst xinsdncerf wasr asmdantsandsd
concerned before vibrational activity can reach anti-nodal peaks. If

pref er ehearf Grigure Gfe-nbothee teansngdeP Ol o@donsh wisth nipads Al aPpHowver
15 snoot hness assessnent, it should be treated with caution as it could be
of | ow power Mehf iofi @raiel kA hpadBriRBanE ByA/Bag®9nsitcoupl ing to all
resonant node wavef orm concerned at y be quite small, rises in their

wavef or ns. Che@ﬁﬁﬁ??ﬁ%ﬁF?héu%b?gesﬁggdiﬁSIBSﬁénﬁ§9%Qﬁ¥9myt§§F S nent

ol SRR el deot eR i LAY ALy e IGLS s 1

' 1 cul ar L ted i4fd4 [ i.on; d bl
corp o S, Ao R, 18, 0008 1 SmbEsgll 0 AECRLpEL)

further t i nspectii‘on of P equency graphs

per hapsledcvo%ﬁ}i%%%;a{ Yo P 1 NoBfiePebbsdt 1 WhkhoUte ANYe 00 Bhd SAE4 28ud 08

assessnent” purpose
position ST2, good single mass-loading positions are Pos.

6, 7, 8 perhaps 9, 11 particularly, 12, 15 - again
including combinations with other positions. Combinations
5§ = 11 and 6 + 11 were of particular value, including in
20 further combinations. For exciting transducer position

ST3, good single mass-loading positions are Pos. 5, 6, 7,

13, especially the combinations 5 + 13 and 10 + 13, the

combination 6 + 18, and combinations/further combinations.

For exciting transducer position 8ST4, best positions

25 appear to be 6, 18 but neither was as good as those for
the other exciter positions ST1 - ST3. '

Figure 10 shows a panel-form loudspeaker 80 having an

in-board unobstructed region 81 extending throughout and



For the investigated panel nenbers with higher and internediate
stiffnesses, there is a considerable neasure ~0J UN 2002 ° 36 of

consi stency as to best transducer edge |ocations, but with quit? gziked
difference as to other prom sing |ocations. The much | ower stif R “Jp@ﬂél
menber is markedly less critical as to pjé)m' sing transducer edge 5

| ocations. -This position is yet nore appu~ant when consi dering use of nore
t han one transducer neans associ ated with edges of the sane panel nenber.
The positiopeyendi nopgasdd coupbeaiadt opraéeressaant e oft vapsdecenenber
10 is acconpani ed by conplexity of their inevitable conbined interaction
with the nat®fafiangtriand edl Fed@iARL W bEafRBAdpdtaagisdusier: h@2 panefhe
menber, and conpounded by such dis%ributed vi bration pattern being

avai | abl e oRfY1AE PoneMYdgEErVehet @F art SRARDI PWRIGSES oASTEEbAYsi nPFe 15
rul es such as based on coorégi.nat es of .esta Iish%g preferential inp-board

transducer TOREETONT HORBYERLIPhe CELL4E Y or5ted REFE her®dr wHEReYC

| uabl e t findi d i.nat i f edaes i at.ed. t
o1 boat | oneat D EPSt ASRESHar RET A BA angl SPUERE 35075 P! & AR ur s
13A, 14A on r r%g}%éqag%an IS, ogat (b RY TN rance
range of abgﬁ% gﬁ -0.4 ori¥%§ﬂ0.§g ggggé?gégq%%%:9$bﬁ%§gégsi%§?%9£§.
transducer pRaApSrakeResHhe-dRnasr edgRs1seennrd tragsdueer l@ﬁi?x%s!lss ¥Agi ed

25 along the closest shorter edge and Figure 14A shows r nargina
preference §ea1ibe fard hegladd 142 phRAREEE] POSE! IFIbmdr €byCeid i GhaP. 58,

conpared with several other positions at about quarter, third and
two-thirds drive ,Sransdde@zs judiciously placed (not shown), and

10 quality by localised edge clamping(s) 83 beneficially to
control particular modal vibration points effectively as
panel termination(s). The panel 80 1is further indicated
with localised resilient suspensions 84 located neutrally
or even beneficially regarding achieved acoustic

15 performance. High pass filtering 85 is preferred for
input signals to drive transducer(s) 82, conveniently to
limit to range of best reproduction, say not below 100Hz
for A4-size or similar panels. Then, there should not be
any problematic low-frequency panel/exciter vibration.

20 It is advantageous in terms for acoustic performance
to control acoustic impedance loading on the panel 80, say
to be relatively low in the marginal or peripheral region,
especially in the vicinity of the drive transducer(s) 82
where surface velocity tends to be high. Beneficial such

25 control provision includes significant clearance to local
planar members (say about 1 - 3 centimetre) and}or slots
or other apertures in adjacent peripheral framing or

support provision or grille elements.



37 lengths fromthe common corner. Interestingly, fixing the second ,
transducer neans at such about 0.58 preferred position al ong thé(bU@Wt?mE
panel edge, and varying the other transducer along the | onger pane edgé
(see Figures 513B, 14B), produced best and next best preferences at about
-Life one-fifth (0.17) and quarter |engidh positions along the | onger panel
edge, both showi ng better than the start position (about 0.42) fox power
snmoot hness. This is a procedure clearly capable of further application in
an | Oiterative hanasr funidiggh feasiblecarfefdedntngeqis el veebatAlyf
power ~ef fi ci ency assessnent and skilled inspection be depl oyed,

particul arf§ PFERE% f9rnF¥dhverg P ¢¥tafeIRIng the prestddur &for any
i ndi cated good position is less good.in.practice than.hoped (or was before
| the. 15 BroRahs e nodt A i 28R BRO M AR s W T Rusty o B of
the nmuch |l ower stiffn panel, e th the preferre bout 0, 42
transducereY%%afﬁgﬁ)u%éggﬁgﬁﬁgﬁé ?%%é%&kéddgﬂéngoal%%c&%ﬁ% r %§ﬁhce?tvaried
along t"e 1E2LES koSNRlikHe Wb qidIIRIL. Weif: BOndledle HHLNENCERS|BPOVET
snoot hness™ I ncrease, the best three approaching corners and e nearest
0.42 prefegentiflePOSiLi 0N M t R3QITE t9fiher Wod & B8 mRIralt PT sfrergeg;ﬁer
associ ations being in sone dquadrant, 25 The sane investigation for the

i nter medi atgagbif EAEES L eP@RQIF JFRITRYa tShyvask StAwig e es88EpuEet chhe

adj acent quadrant preferential 0.42 transducer |ocation (actually 0.58),
see Figuresr@8AltbBng effectivdl Zon2ed8rBevdert i 6f taedudt ikasea@iathennmuch

| ess stiff panel nenber, two effects are seen as contributing to nmuch |ess
wel | - def i ned bestrgiesrl beségewnst erabmasd ti phur&he idritveat thanpanekrsodes
for the range of frequencies of the 5optimsation are higher than for
stiffer Jpapattienbardy Thacphnthteenbteepradudeieforef a moresetchappr orenat i on
to a continuum and snoot hness of output power is | ess dependent on

t ransducer spusflt iadhvannssk t | 8l drdastsefond neaanddifclal pdstendng. a0 The ot her
effect concerns the nuch | ower nechanical inpedance of the panel nenber,

whi ch | eadBlapipg| e2QURYESHg IRMhdelcel YRet rlanahicsrd pydrtivgd f spuBder gy
transfer. The nechani_.sminvol ved is_now expl ained. The mechani cal 1 npedance
(zm) of a PLAEF n@ﬁE@FQE§%Rﬂ§ﬂrﬁnegufﬁbeﬁnvéﬁﬁﬁ% r SEHHENE fRYSRN ggplied

poi nt force, ?ee 100, 101 in Figure 30. An object associaged mﬁgh t he panel
with a mecH4hFERLS npBFaRbErgdtler y SHYER | eSSUERER, eP8R9appFPBhchi R

compar aby £, Lo, 1 LG RA S RHANSE e 11 4OMY QldReLs PAREL 0B LRRI Wher &
presentations.
The following Table gives relevant physical
parameters of actual panel members used for investigation

to which Figures 11-28 relate.

20

25



200bj ect is located. Associating an exciting transducer of noving coil type
with the panel is equivalent to connecting the panel to a gro*gﬂﬁg n?@i
(the magnet cup of the transducer, see 102) via a spring (the Q I
suspensi on of the transducer, see 108). Wen the 25 i npedance of such

spring is too close to the panel |npeda?ﬁ it will in some part determne
t he panel notion at the transducer elimt of this spring wholly
determ ning the point notion at the transducer, there 1 UJ! 1 ~d 2002

39 woul d be no dependencg Qfy,dput pomerHQQh@4citer posiht @R mek aQ%actice

the ratio of spring inpedance to panel | ppedaneacan spgpkekauadl y aflf ect
best transducer |ocation,| Hreffressts al eanell onger so ggggn f or best|/ near

5 best transducer Iocaticrﬁﬁnel Thi s | olv mechani cal inpedance has norle.

effect for|edge transducgrgdacatyon thapAﬁoho R ﬁ%ﬂ %g l'ocgtion
as nechanlrggtbgpggance ils yet lower at{the panel edge| nmeans tihat a
tr ansducer V-o-ce—eoi- sheRsoR—-Oha a—ar-ger—effect for

the | ower pt€PfEness panerigﬁgﬁﬁe above Tamme Hnechanrggﬂ Bmmedance |q’the
body of thptpaakheps Zmbgdy=2.7 Nsm 1 ngechani cal inpedance at the parel

edge is ap xtmately 15 qa%f-égpody;-l : =1.3 r1ande of
t he voice c§§£2§9§9en3|09()l% e transdugé?gggggaég BET%%§L§¥%S i1 20
The nmechan inpedance tat-each of nodal frequencies ican he an order of

magni t ude | slen t han t he |ay e pge i npedapgep %medge. It] weot phgrefore
feasi bl e tptbstknmase a typi cal frequency, below which fhe e C|ter haé a

strong effg 0 ne_pa T, say € npedancel of U coi
suspensi on 'gnﬁgtheSne,f|qgﬁ£§¥ the ave aéngnpedance § Oﬁﬁg panel gdge.

Then, Aspect ratio |1:1.13 1:1.13 1:1.13
Bending 0.32 Nm 12.26 Nm 2.47 Nm
stiffness
Mass density | 0.35 kgm-2 0.76 kgm-2 0.6 kgm-2

—Em 2.7 Nsm-1 24 .4 Nsm-1 9.73 Nsm-1

Figures 11-14 relate to the higher stiffness panel

member of the first column, Figures 15-24 to the mwmuch

5 lower stiffness panel member of the second column, and

Figures 25-28 to the intermediate stiffness panel member
of the third column.

All of the graphs have acoustic output power (dB/W)

as ordinate and frequency as abscissa, thus show measured

10 acoustic output power as a formation of frequency,

typically as a truly plotted dotted line. Most of the

graphs also show an upper adjustment of the true power

line. As mentioned in the preamble, this adjustment is by

way of applying functions that normalise to' a flat

15 straight line, and allows assessment of resonant modality

free of often encountered effects of fall-off of power at



11 10,1 UPI 2002 40 - x Znmedge x Crs 5 and gives an estimate of 1200
Hz, bel ow which the transducer and panel are intendedly coupl ed,0 JiNcR002s 5
wi thin the frequency range of optimsation. Considering the transducer and
such | aw nmechani cal i npedance, panel nenber as one coupl ed systemthe
transducer in part determ nes the inpeQ9€ce of the panel nenber, and

snoot hness of the output power is |ess 10 dependent on the position of the
transducer. Repeating such analysis for the high stiffness panel gives a
cor r espondl P ¥ r EgaaHepcdrsI30Ht WA deund otlrat demprE nesfuepEyPPYRge of

the optimsation. r . _~ o0 ~a ~ 2002 41 CLAI N5
makes significant contribution to quality of sound. From

such normalised value of the actual power output, it is ’
advantageous to produce assessment of smoothness by

5 inverse of mean square deviation, and most of the bar
plots are of that type.

The higher stiffness panel member for Figures 11-14
is actually somewhat less stiff than that used for
previous Figures 7 and 9, but does clearly show preference

10 for single transducers to be located at positions
corresponding to co-ordinates of in-board transducer
locations previously established as optimal, i.e. at about
3/7, 4/9 length from any corner or about 0.42-0.44.
However, there are substantial spreads of promising

15 potential location between and beyond such positions for
each edge, actually within about 10% and 15% in the mid-
regions of shorter and longer edges, respectively, and
further within 28% and 30% at quarter-length positions.

At least for the most part, trial positions for

20 transducer edge or near edge location are based on spacing
substantially corresponding to the difference between the
preferential co-ordinate value of 0.42 for in-board
transducer location and the mid-point (0.5) of the edge,
albeit with alternate spacings increased to 0.09. Usual

25 trial locations are thus 0.08, 0.17, 0.28, 0.33, 0.42,
0.50. *

In the main, it is believed that the illustrated

graph and bar charts are substantially self-explanatory as



1. Adistributed node active acoustic device conprising a plural-sided
panel nenber (11) and a transducer (31, 32, 5 33, 34) coupled to the panel
menber (11), the panel nenber (~.2) being capable of sustainifrp Joein@dldg
waves in an operative frequency range over an active area of the transverse
extent of the panel nmenber (11) with a distribution of resonant nodes of
bendi ng wave vi bration 10 determ ni ng acoustic performance in conjunction
with the transducer (31, 32, 33, 34), the panel nenber having certain

physi cal peao amitcering heesdl uesdofpnddwhalal¥ egir i i s thcidautiicors ofor
resonant nodes, said paraneters having sel ected values such that said
xesonant nooRSdueeIs, bewet | Epal Ihoa isedurdampd nir egaerfrypsikee sépd
active area, and the_panel menber (11) further having at |east one in-board
regi on of BEPYPELRSVECHEFeRIRAGEANY HrEAdUSE LIl G etons eqfBAcHigEEBRant
bendi ng wave nodes in the operative frequency range have vibrationally
active ant$320 nodes, the transducer (31, 32, 33, 34) being coupled to the

I t I t th I f benef i I
porative | nt orbat | BRtof Ahe AriFetucEF i a90cesy TS 4%\ PRAERESHne

—romber (11),.50] &, TILORRlc RGIA | AL EOBEESRORILNG IR AN SL0PORBALe e

coordi nat e- 972 sard at I east dne’in- regi on éd node
active ac t e c dij j ai r has
edge ol acoyet hicH élo%ﬁ%&?& @%&%%f?l%eﬂa@nis%”%ﬁ%&% str”%tt“éﬁgﬁ%de
active acoyshéc 1@13‘H§aercﬁ068'19k8§1nhﬁedﬁ%é@@reﬂ‘@@r e §a'éin&9lﬁﬁ1é§sanaf ng

nmeans (83) Is 5localised. 4. A distributed node active acoustic device

accordi ng p&wEt abHsd.s haveagrpbui-as swd dahacals.sedusdeeed!, aNphdIg1 BRAAS
(83). 10 5. A distributed node active acoustic device according to claim4,

wher ei n rugstaf feeasi nearndl s aethbehrur showscalricdikedpand aopi ngamEdnsas s
related to wavel engths of | ower frequency resonant nbdes so as to raise
t hei r | 5coptombeingn ltareascionst i caagtingn Dfomhebdeni cguadtte dist bebowed
node active acoustic device according to claim4 or 5, wherein said
| ocal i sed eegehclamgithly from corners. Interestingly, if assessment
is based on efficiency, i.e. amount of power output - as
would be the case for a median line through the true
15 output power plot being the basis used for mean square
deviation - the above band becomes skewed to emphasise the
quarter length position and is mostly preferential to the
in-board coordinate related position, see inverse mean
square deviation bar chart of Figure 31A. The
20 intermediate stiffness panel member veers towards the
characteristic of the higher stiffness panel member in
showing a promising spread between the in-board
preferential coordinate positions, but also shows promise
at about the one-tenth length positiomns.
25 It will be appreciated from inspection of true output
power plots by those skilled in the art that éhere are

differences between indicated best and wviable transducer

edge locations in terms of impact on expected quality of



neans are associated with nore than one side.

active acoustic device according to claims, wherein said panehdgenber
[

is substantially rectangular and said plural |ocalised edge cl.

are associated with three aides not 25 associated with said transducer
means (31, 32, 33, 34). 8. A distributgd node active acoustic device
according to claim7, wherein said plural |ocalised edge cl anping ?20J

1 J t~J 2Q02 43, neans are at each corner and at_md-points of said three

si des.

wherein said edge.cl appi ng nmeans_extends along s
A distribﬁ?%d?hnaéggéggsgggcogi?Ferdev%c%'acEgWB?ﬁg Rdc| Ay eRmesfhe? ki n

20 7. A distributed node

(113

JU 2862ns

9. SRYILTTHRIF R actPye WhdsistTedabitvelac aomialgys takehai m 2

ai d panel nenber (11).

10.

i said Tranelier eareiogane §oaag | Sihe | EA3aRlRrteFnm cmahcs

with said transducer neans

acti~re agRuliftdeviee ageapding tv

(11)

I e

5indicated as preferential on the basis of assessing
smoothness ol output power, it is, of course, feasible to
process input signals towards what is shown after above
normalising - specifically selectively to amplify low
frequency in a form of signal conditioning or equalising.
10 This would achieve, indeed exceed, power available using
locations optimised on efficiency basis; but obviously
not the efficiency itself as more input power has to be
used.
Accordingly, other ways of increasing lower frequency
15 power were investigated as foreshadowed above, namely
baffling and/or selectively spaced local clamping or full
edge clamping. Figures 18A, B, C give indication of
generally beneficial raising of lower frequency output for
surrounding baffling with an area over 60% greater than
20 the low stiffness panel, rigid clamping of all three edges
not affording transducer location, and both of such
baffling and clamping. Such baffling tends to maintain
modality but may not always be feasible in specific
applications. Accordingly, full investigation of clamping
25 seemed worthwhile for alternative transducer edge
locations for the lower stiffness panel member.' Results
showed that assessment on an efficiency basis tended to

emphasise the quarter length point for both of full edge

mSLQ'mﬁ%%mf%%ﬁf'nfg%ld]%%gﬂiéggber



15 substantially rectangul ar and said edge cl anpi ng nmeans extends al ong _two
paxal l el sidES. 12. A distributed node active acoustic device according to
claiml 0, wherein said edge-clanping neans extends zo a.long tHrge)lN ¢es2
13. A distributed node active acoustic device according tv any preceding
claim wherein said panel nenber (11) has at | east two sand transducer
nmeans in edge association 25 therewith. 14. A distributed node active

acoustic device according to clai 3, erein said panel, nenber js_of
Sroral ! o AR AL B O R, LS ke B e R pored 317 3,
33, 34) assogi.at ith.at | east twd side e . . 25. A distributed node
acti ve) aC(’RJ%JtI?‘tg g(g?/%%eegggorcg’laﬁné”g’% og%l §?1ﬁ1g%%§oPnc ﬁﬁﬁj—féﬁl%?eraeﬁ” n*%ai d

panel membgr, (11) #5 éyé’sb%““‘?%k}{ rqed a@&%}%ar%ff"i Ega%%idglecte&anfgggt?{ 31,

32, 33, 34) neans associated w | onger and shorter sides thereo 0l6. A

di stribut %@mﬁp@&téysﬁgcwgt h end@W, C el ERdidHh At bW PIGYIPMS3£hal M
wherein said pal~, el nenber (11) is generally rectangul ar and sai d margznal

posi tionsldesn@npa hangescetgelyn t hpweange 0188p60n0. 42 akpigih 44 ogt any
corner of the panel nmenber (1.1) . 15 z'7. A distributed node active

acoustic deyi ce accorithngiboarel aiyn hifoker ehuplses itk nBEgbnally pesithen is
at about 0.42 tq o0.44 length fromany corner of the panel nenber (11) . 20
in-board preferential coordinate position. Asgsessment of
panel wembers with clamping on the basis of power
smoothness produces much the same results for indication
10 of best transducer locations, see bar charts of Figures
19A, 20B, 21B and 22, but with considerable differences as
to next favoured positions, as is generally confirmed by
inspection of true output power plots.

Indeed, particularly strong general correlation is

15 found between preferences based on skilled inspection and
assessment according to smoothness of power output. In
turn, this tends to confirm at least slight preference for
such assessment unless there are practical factors that
lead to preference for efficiency rather than quality -

20 thg)_ugh that may not be much different anyway.

Another application for localised edge clamping is in
relation to improving an unpromising transducer edge
location, see bar charts Figures 23A, B showing right hand
rather than left hand sides of the edge concerned as

25 otherwise in the drawings. The cases concerned relate to
the lower stiffness panel member, and are full clémping of

three edges and seven point clamping, with a localised

clamp varied along the same edge as the transducer means.



18. A distributed node active acoustic device according to any previous
claim wherein said panel nenber (11) is generally rectangular and said
mar gi nal position of said transducer is within about 10% and 15%4§ nJUhe(p?
m d-regi ons 25 of shorter and | onger edges of the panel nenber (11),
respectively. 19. A distributed node acig ve acoustic devi ce according 10
~ a N 200z 45 to any previous claim wherein said panel nenber (11) is

|l I d said i nal it f id d '
W thi 1 20~ HhaD300 inHfr « BPOE oG LRI TTENe. O SHE Deel Seier che
: Vo &ttt 8PT | HE pafi e
o ural si qEne eibhy S b RO Sk S b5 RS R 0d °

thereto, tiie pagelggrber dodl) -0auiag.e dhat it Lognel {anenanudmges: of

bendi ng wave action 10 determ ning acoustic perfornmance in conjunction with

the transqucalyd 323832£033, nd4)c1 IRSIRY N ddiRidd Asducernye3lsp38aa33i534) 1S
| ocated at a first margi nal position of the panel nenber not itself

sel ect edsfgfedrast fperahé vVeulnt eagst i:mamw'ih? saisé parel MRy 230d wherein
mass is | bcoupled to the edge of the panel (11) at at |east one further

di screte positiwterdi shénet ibr distheebmest petiwdean 3k cdosets tloasafir ove
acoustic operation of the device in conjunction with the transducer (3~.,
32, 33, 34n 2owez 4affistienioyt edndodeowert i smcaddustss, devi céscomprilsi ng a
plural sided panel nenber (11) and a transducer (31, 32, 33, 34) coupled
thereto, theaparel imerbend ( thathagnyig pandilst mebeirorwiofh r edempingmoodes of
bendi ng wave action determ ning acoustic performance in conjunction wth
the 25 trGREREF (B?., tie 3@39%4) wikher &tH dthe thansdreasdwer 32is33,
34) is located at a first marginal_ position of the panel nenber (11) not
itsel f 381333 RA 39S bedif eGrdr@liv eheht fexceonW s &4 dthansomstber, and

wherein ed’ﬂ?ere’EhQQ%Js% ge up to half wavelengths distance for

resonant modes concerned before vibrational activity can
reach anti-nodal peaks. If preference for a close-to-
corner transducer location is indicated by power
15 smoothness assessment, it should be treated with caution
as it could be of low power/efficiency, even though smooth
by reason of coupling to all resonant mode waveform
concerned at may be quite small rises in their waveforms.
Checking with the corresponding power/efficiency
20 assessment is thus recommended. Indeed, best is always
likely to be where there is substantial agreement between
the two bases of assessment, or some compromise
particularly suited to a specific application; and
preferably further taking account of skilled inspection of
25 power/frequency graphs perhaps advantageously with as well
as without any normalisation for assessment purpogses.
For the investigated panel members with higher and

intermediate stiffnesses, there is a considerable measure



46 cl anping neans (83) is coupled to the edge of the panel at at |east one
further discrete position distinct fromthe first position and Ehigdersit o

i nprove acoustic operation of the device in conjunction with the transducer
(31, 32, 33, 5 34) . 22, Active acoustic device according to any preceding
claim further conprising baffle nmeans3extendi ng about and beyond said
panel nenber. 10 23. Active acoustic device according to any preceding

claim uhoriel 0581 608061 ATeTerL(20) c-nBl 835 ot LLLY LEANSRRENC oX

transl ucent. acoustic device accor recéding cl aim
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vibration pattern of the panel member, and compounded by
such distributed vibration pattern being available only at
panel edges. There are notable variations from simple

15 rules such as Dbased on coordinates of established
preferential in-board transducer location. However, the
asgessment procedures hereof afford wvaluable tools for
finding good combinations of edge-associated transducer
locations.

20 - For the higher stiffness panel of the above Table,
Fiéures 13A, 14A one transducer means 1is located at a
position within the tolerance range of about 0.38-0.45 for
the 0.42 preferred position for single transducer means
along the longer edge. Second transducer means is varied

25along the closest shorter edge and Figure 14A shows
marginal preference for the furthest 0.42 éreferred
position, 1i.e. centred at 0.58, compared with several

other positions at about quarter, third and two-thirds



15 27. Method of inproving the acoustic operation of a distributed node
active acoustic device conprising a plural sided panel nenber (11) and a
transducer (31, 32, 33, 34) coupled thereto, the panel nmenber (11) having a
20 di stribution of resonant nodes of bendi ng wave action deternining10
acoustic perforqgﬁp% I n conjunction with the3vransducer (37., 32, 33, 3ﬁ9N 2007
the transducer ( ?'§?,f3&m 34) being located at a first marginal position
of the panel negpggnéll not itsé%ngéieQ&%QIfor best operative 2S
interaction with saird p s@@g@frdgll); t he ﬁet%&f&nﬁggi5%$? the step of:
clanping the edqgg l.the panel a ?Qnahen;d%%%rete posi ti .l(@iﬁing the
di screte fromthe JT =S4t aporyt i% ang chosen 123 @bout~~ A 48 to

| nprove acoust bengperation of the dé PEeern eopiunct i on wi th the Ruedhgducer
(31,32, 33, 34). fahsducer .3 edge, ap ,

. A% A9. Al % ASARIS A9 1Al A Al & AIF . A tplage L14BgQ,An9. As9. PERS. K3RYimg . pRaAS
H . AA ASr. A% Aa_. AS{ 00 A&@Talk %A Pane eqgge

LA N AL A LA YOoAE r-tizgg\l. A A8, 9. A . A@?Sﬁa_[ BedA .48 ASL, . A'S. A(?FGR.Fbigures

. As. Af L6FI U A>KM7e] . 0 1°Re-fifep S5t preferep
Ceg at

0.4
? Preferentjq, . COrners
Jeneraj Position

Preferen(._.e

Quadrang for



%&] } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

A X X cal] _ 6;
Lag]( (F:g} \33} Sg% ;:(] 2} ggiﬂcg?](:gfgafcgiﬂc;] 21;1?2% ca] ca] ca] cal] ca] ca] ca] 129] éH]“p&QU@a]
ca] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] cal] cal #=><Hv-!!!""###90Q& &} xsnid_Z] c

cal] ca] ca] ca] ca] ca] ca] ca]
LL] on] on] cal cal cal cal cal cal 18 - (())) B G ok < ors000! OxOyOELALLL 2P A4bE06] xsni ¢

A aJjca] ca]calca] calca]c '

B it ekl b (o e ——
= N = 227" c al cal ca !

a] z;FzLTc;]?%g]% ceg]'caﬁ@ga] cal %gF%a]aé%a]Jcéa%ca Sl‘ia‘fiéfﬁ%&g]l@gﬁ? C.‘fBEEﬁ%E}EEZE
GGCEG M MyMYRR T YIOMUuN=YL P) Be - c cal c Ny

;)ca] ca] cal ca] caa%??l]% ca] ca}ljr]l%éafch%gq %g?cg?ca?)&gﬁ%céﬁ@a] ca(ia%ea] ]%;‘!’.!%VWDW

VKXXXX] ] " etedhphaBiint peasst t tzz2| vﬁggb}aquééca&fggf%ﬁ%ﬁggl%aw cg} g@} cal ¢

aJ cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caljca]ca]ca a %a]% Tal zRU

zupkf a\ W § bealieakealiea] cafsahaaheta] ualeatsal caloalaal saheal salgalgal cal cha

]caljcaUc aJca]c

a] ca] cal} cdhealpeaieda] mahigen 363 g Hhenied ofld ca] €pdsal cabpabsahedl ealkeay cal ca

] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca]lca]cal!'n}[

j MEWZq{ vql goPXEeleal.ca]ard capoaltdinesca] of] calefaltcalpsad£al ¢a] craldpl cal ¢

a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! AWZi | swy{ (: =}{vql gb] X] c] ca] ca

ca] ca] ca] €§PeRPER calth] djaagdaten] cedeat tahca] paltdkualadlcalealda cal] ¢
!a] c]( aJ cal] ca cagca] cal INY c$' B"#7| wnhb] X] c] ca] cal] ca] ca] ca] ca] ca] ca] ca] f:a
] ca] cay] caf&%}l@ PE&Fc ¥PEL&3HTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7: A
gY c$' B"#7| wr rrhgla)X] clca caU%ga] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] qa] cajcalc
"a] ca] cafcza] ca] Fcé:} TaftAFCE] Ic'é]‘éaFIlLL‘J}h‘?kMe%&fe(cpanlcal
10928 () -t $10%z& %) é:%&' ()1, Y10VERE () - M1 ! 10‘{& ()-UowW;
ZX6! F" " 109& Py INGE" " 2hog- RS - A 1 71 Fhifthogl epdp NFO" B0 ZF 1
0% & ()-Z; s Y74 ]eg_%%j&)ﬁ- 109&' g%— 10% Ic r—le%&' é2_8$10%& ()- 10 10
10[7e}"?xY§F? %R ()~ () SLL! TOFRSEFCPr10MRPTI EIon 108@x () energy
"109%& () - “%hransfer. The mechanism involved is now explained.
The mechanical impedance (Zm) of a panel member
15 determines the movement resulting for an applied point
force, see 100, 101 in Figure 30. An object associated
with the panel with a mechanical impedance put very much
less than, even approaching comparable to, the panel
impedance will strongly offset panel motion where the
20object is located. Associating an exciting transducer of
moving coil type with the panel is equivalent to
connecting the panel to a grounded mass (the magnet cup of
the transducer, see 102) via a spring (the wvoice coil
suspension of the transducer, see 108). When the
25 impedance of such spring is too close to the panel
impedance, it will in some part determine the panel motion

at the transducer. In the limit of this spring wholly

determining the point motion at the transducer, there
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impedance can so profoundly affect best transducer
location, and results are no longer so clear for best/near
5 best transducer locations.

- This low wmechanical impedance has more effect for
edge transducer 1location than for in-board transducer
location as mechanical impedance is yet lower at the panel
edge, which means that a transducer, voice coil suspension

l10has a larger effect. Specifically, for the lower
stiffness panel of the above Table:
mechanical impedance in the body of the panel is
Zmbody=2.7 Nsm-1
mechanical impedance at the panel edge is approximately
15 half Zmbody, i.e.
Zmedge=1.3 Nsm-1
Compliance of the voice coil suspension of the transducer
used is:
Cms=0.52x10~-3 mN-1
20 The mechanical impedance at each of modal frequencies
can be an order of magnitude lower than the average
impedance, Zmedge. It is therefore feasible to estimate a
typical frequency, below which the exciter has a strong
effect on the panel member, say where impedance of the
25voice coil suspension is about one-fifth of the average
impedance at the panel edge. Then, *

1 1



10-u: ' 110% u& ()- 8MLO% u& () -

710% u& ()-!c93"10% u- U& ()--zX6j @ Cc&s"10%"="& ()--!Y&s"1098"3"& ()-- ! &"
1098"8"& ()-!T2&'10% "."& ()-! K& 10986 9% & ()-ys10% & ()-rs4310fg8/w @ggo%
& ()-m 10A"A" 10A"A" 10A"A%]&S" 109" A" & () - - &S" 1090& () - - ! q&s” 109K K"&t) - -
N T wWMAr S41f&L109M M & () - 3 40

3810% / & ()-3! &10% / & ()- 3! N&10%/ 5/ & ()-3! &10% / & ()- 3! @10% /' / & () - 3" ###
###$%S1! yE 10% | & () - 3!~ 10% | & () - %%% ()-| %10%1| & ()-Z 10M M

10M M 10M M !f&L09%M M & () - 3% S(()) VE 10

10 | ! 10% | & () - 3"1(00§IC&§) 31" 10% [ & () - 3"10%I&'() 31"10% [ & ()-3)))) *+
,3-0M 1 T3(109%7& ()

3(10%& 109%&x & () - 3! 3( 10 x& 10%9&
lg||3- 5%06@%%(6¥%%%%9é ()e( % (% 1 ga?ggg) @% 9 o Q%lch the

10gg! F3( 10% 3'83 100 3 100/&' .
22?13xsoéll g%é’v% ?é@ % ( ()C-%er%%m%%f’()l-sm K" 10

V& Os3AH% 8ch(e) @éﬂ;ﬁ?e%%?ﬁ%%gemc/# éﬁt ﬁ%‘l}%@?ﬁé%t Z 10\

——  Considering the transducer and such low mechanical

impedance, pénel member as one coupled system the

transducer in part determines the impedance of the panel

member, and smoothness of the output power is 1less
10 dependent on the position of the transducer.

Repeating such analysis for the high stiffness panel

gives a corresponding frequency of 130Hz, which is outside

the frequency range of the optimisation.
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1. A distributed mode active acoustic device comprising a
plural-sided panel member (11) and a transducer (31, 32,
533, 34) coupled to the panel member (11), the panel member
(11) being capable of sustaining b?nding waves 1in an
operative frequency range over an active area of the
transverse extent of the panel member (11) with a
distribution of resonant modes of bending wave wvibration
10 determining acoustic performance in conjunction with the
transducer (31, 32, 33, 34), the panel member having
certain physical parameters the values of which affect said
distribution of resonant modes, said parameters having
gselected wvalues such that said resonant modes are
15 beneficially distributed in frequency over said active
area, and the panel member (11) further having at least one
in-board region of said active area where a plurality of
lower frequency resonant bending wave modes in the
operative frequency range have vibrationally active anti-
20 nodes, the transducer (31, 32, 33, 34) being coupled to the
panel membexr at a marginal position of the panel member for
beneficial operative interaction of the transducer (31, 32,
33, 34) with the panel member (11), said marginal position
corresponding to an orthogonal coordinate of said at least

25 one in-board region.

2, A distributed mode active acoustic device according

to c¢laim 1, wherein sald panel member has edge clamping
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3. A distributed mode active acoustic device according
to claim 2, wherein said edge clamping means (83) is

5 localiged.

4. A distributed mode active acoustic device according
to claim 3, having plural said localised edge clamping
means (83).
10

5. A distributed mode active acoustic device according
to claim 4, wherein mutual spacing of said plural
localised edge clamping means is related to wavelengths of
lower frequency rescnant modes sc as to raise their

15 contribution to acoustic action of the device.

6. A distributed mode active acoustic device according
to claim 4 or 5, wherein said localised edge clamping
means are associated with more than one side.
20

7. A distributed mode active acoustic device according
to claim 6, wherein said panel member (11) is
substantially rectangular and said plural localised edge
clamping means are associated with three aides not

25 associated with said transducer means (31, 32, 33, 34).

8. A distributed mode active acoustic device according

to claim 7, wherein said plural localised edge clamping
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5to claim 2, wherein said edge clamping means extends along

\Y

—_—

said panel member (11).

10. A distributed mode active acoustic device according
to claim 9, wherein said edge clamping means extends along
l0at least one side not associated with said transducer

means (31, 32, 33, 34).

11. A distributed mode active acoustic device according
to c¢laim 190, wherein said panel mwember (11) isg
15 substantially rectangular and said edge clamping means

extends along two parallel sides.

12. A distributed mode active acoustic device according

to claim 10, wherein gaid edge-clamping means extends

20 along three sides.

13. A distributed mode active acoustic device according
to any preceding claim, wherein said panel member (11) has

at least two said tranaducer means in edge association

25 therewith.

14. A distributed mode active acoustic device according

to claim 13, wherein said panel member is of plural gided
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15. A distributed mode active acoustic device according
5to claim 13 or claim 14, wherein said panel member (11) is

gubstantially rectangular with said transducer (31, 32,

33, 34) means associated with longer and shorter sides

thereof.

1016. A distributed mode active acoustic device according
to any previous claim, wherein said panel member (11) is
generally rectangulaxr and said marginal position lies on a
longer edge in the range 0.38 to 0.45 length from any
corner of the panel member (11).

15
17. A distributed mode active acoustic device according
to c¢laim 16, wherein said marginal position is at about
0.42 to 0.44 length from any corner of the panel member
(11) .

20
18. A distributed mode active acoustic device according
to any previous claim, wherein said panel wember (11) is
generally rectangular and said marginal position of said
transducer is within about 10% and 15% in the mid-regions

250f ghorter and longer edges of the panel member (11},

respectively.

19, A distributed mode active acoustic device according
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tranaducer is within 28% and 30% at quarter-length
positions of the panel member, respectively.
20. A distributed mode agive acoustic device comprising a
plural sided panel member (11) and a transducer (31, 32,
33, 34) coupled thereto, the panel membex (11) having a
distribution of resonant modes of bending wave action
10 determining acousti¢ performance in conjunction with the
transducer (31, 32, 33, 34), wherein the transducer (31,
32, 33, 34) is located at a first marginal position of the
panel member not itself selected for best operative
interaction with said panel member, and wherein mass is
15 coupled to the edge of the panel (11) at at least one
further discrete position distinet from the first position

and chosen to improve acoustic operation of the device in

conjunction with the tranaducer (31, 32, 33, 34).

2021, A distributed mode active acoustic device comprising a
plural sided panel member (11) and a transducer (31, 32,
33, 34) coupled thereto, the panel member (11) having a
distribution of resonant modes of bending wave action
determining acoustic performance in conjunction with the

25 transducer (31, 32, 33, 34), wherein the transducer (31,
32, 33, 34) is located at a first marginal position of the
panel member (11) not itself selected for best operative

interaction with said panel member, and wherein edge
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first position and chosen to improve acoustic operation of

the device in conjunction with the transducer (31, 32, 33,

534).

22, Active acoustic device according to any preceding
claim, further comprising baffle means extending about and
beyond said panel member.

10
23. Active acoustic device according to any preceding
claim, wherein said panel member (11) is at least

partially transparent or translucent.

1524. Active acoustic device according to any preceding
claim, wherein said transducer means (31, 32, 33, 34) is

of electro-mechanical type.

25. Active acoustic device according to any preceding
20 claim, wherein said transducer means (31, 32, 33, 34) is
operative to launch compression waves into edge of said
panel member (11) and/or to deflect edge of said panel
member (11) laterally to launch transverse kending waves
along said panel wmember (11) and/or to apply torsion
25across a corner of said panel member and/or to produce
linear deflection of a local edge region of gaid panel

member (11).
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