0 9 MAY 2006 TWD 97/09842 1 TITLE: ACOUSTIC DEVICE 5 DESCRIPTION (09 MAY 2006
PCT/ GB96/ 02145 *@00001* FI ELD OF THE | NVENTI ON The invention relates to
acoustic devices for use in 10 or as |oudspeakers when driven or excited,
usually by elec trical signals via electrodynanm c nmeans; or in or as m cro-
phones when driven by incident acoustic energy, usually to produce a
corresponding electrical signal; or in or for other acoustic devices or
purposes . - 15 United Kingdom Patent applications as follows No. 95/17918
filed 2nd Septenber 1995 for "Acoustic Device" No. 95/22281 filed 31st

Oct ober 1995 for "Acoustic Device" No. 96/06836 filed 30th March 1996 for
"Acoustic DVRYE?L from which priority is clainmed ar ePHEFREERI45ncor por at ed
by 20 reference, in their entirety, into this application. GENERAL

BACKGROUND Conventi onal Ioudspeakerslln wi despread use enmNmmmmmmmmmmL
air-driving el ements of so-called "cone" type. The or nt is
neqhanlcally driven at its smaller ~ 25 end in a pistonic manpgkes« normally

by %l nmoving coil of electromagnetic nmeans.having an operatively associated
fixedy magnet assenbly nouRtdd:to RCRQUSEERE BEVIQEsSsis of the | oudspeaker in

accugate registration with the noving coil and cone asse“mmummﬂmmmm hase
air-excitagion to rear of 30 thm%y needs careful‘ osure
design to avoid cancellation effects 1 n desired acoustic out pigodi¥ om t he
front of the cone elenent. Naturally stiff l[ight- weight sheet nmaterials

have been used for such cones, as wel | as very stiff conposite sandw ch
structures that do 35 not b&3E {E W wor ki ng frequency range;

even cone el enemhs vavdatiad Ix@nedasr Qdus&dtﬁmi@fdeﬁibéé Resupsitiardly wth
the aim 0{0 r 39”&’ P&aés@@aféﬁ%ﬁdn"&rfﬂw & 'ngi@erde,auyMat].Ty by elec-
trical signals via electrodynamic means; or in or as micro-
(‘ pl;ones when driven by incident acoustic energy, usually to
' produce a corresponding electrical signal; or in or for
other acoustic devices or purposes.
". i5 United Kingdom Patent applications as follows :-
No. 95/17918 filed 2nd September 1995 for "Acoustic Device"
No. 95/22281 filed 31st October 1995 for "Acoustic Device"
No. 96/06836 filed 30th March 1996 for "Acoustic Device"
from which priority is claimed are hereby incorporated by
20 reference, in their entirety, into this application.
GENERAL BACKGROUND
Conventional loudspeakers in widespread use employ
acoustic air-driving elements of so-called "cone" type. The
or each cone element is mechanically driven at its smaller
(. 25 end in a pistonic manner, normally by a moving coil of
electromagnetic means having an operatively associated
. fixed magnet assembly mounted to a frame or chassis of the
loudspeaker in accurate registration with the moving coil
and cone assembly. Anti-phase air-excitation to rear of
30 this assembly needs careful baffle/enclosure design to
avoid cancellation effects in desired acoustic output from
. the front of the cone element. Naturally stiff light-

\;“‘h weight sheet materials have been used for such cones, as
b well as very stiff composite sandwich structures that do
¥ 35 not bend at all over the working frequency range; even cone

elements with tailored reduction of stiffness outwardly
with the aim of reducing the effective radiating area with
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| nprove acoustic pistonic effects, including conbating increasing ﬁ ﬁwﬂr@wm
directivity at high frequency. Excellent results are obtainable, e.g.
using different sizes/types of cone el enents and associated drive 5 units
for different frequency ranges, with appropriate electronic "cross-over"
circuitry, often all in one | oud- speaker housing. However, mass and bul k
tend to be subs- tantial. Mreover, sound produced is constrained by its
origin with one or nore cone el enents whose axiality 10 inposes unavoi dably
high directionality, particularly the higher the frequency; and | oudness
very noti ceaP 998t | ows the inverse square |aw of ra8FEHEBWMMS| ative to

di stance, as though froma point-source. Not surprisingly, nmuch interest
and effort has long 15 been directed to use of flatter acoustic el ements

O L P A9HE: a1 G BN LRSS S RAEE0, N URBLI Y oD S Setldeipl - | onal . and

€ssS cr?g‘g osal ave
stretched webBCHIipf 8¥1W9I é‘}g’nﬁﬁé ingdy ’éar’irﬁl" Hirgfpbd tXt 2t Hé‘i"? edges 5ih
frames, e.g. fatqurepcyi t hEXERlientexbsoht uatee wbtainablenge &t.r iwgénor wir q@ for
el ectro- mag Bﬁfé?redl:l sizebptyi@ sl o gonaRdeh@reyard haysciated ALl pg at ed

magnet s, (fua &&%BB{@C&&%@Q t;_,%)rn; f?reaﬁlur??rﬁégf aﬁ‘tiﬂ%c drive from

fixed perfor ryse ectr i gh-vol t age

t ransf or mer seéﬁ'ﬂt 1B UHTREEE -G obHfEL ST heihger i Hilt 4B PRP \}GP‘E%Ige
br eak- down. speaker bpesimgi-onafevehegwmsst amt dodd $endmtd chrdspbekers i s
i nherent |y pitahtyulC, A8gedviee| eséuiad pkeadRaunvesdmdraDekd by desint and

rel ated resogapegs @lendi Gl @82 FERAUGHE eeiemgégﬁ'&ﬁm SRAGH ig danpi ng

provi si on [ Satisfa rior proposal s have
been base ogmﬁ%‘f %“B%m%éx%ﬁ‘i@ c{)ﬁ{ﬁfé’ggﬁ?alf%&neﬁ“ﬁﬁwr;}ﬁe edge- nount ed
i n housi ngs béskprathe frepyensyi need [Lpudnessi vexmhetiasabin. fodiewexanpl e,
known under the itnvedee neyuwaré Palwy pEarsiiatidin Tel #EMRNED Ol taBbe NOVi NQQCOi |
drive. Anothgg, tﬁgﬁgm@% aqgimpgaﬁ%" has an array of magnets and ils

di sposed over it ur to achi eve u | phase drive. Yet others, as
avai |l abl elfl’om %0% l(:"JlIJ!-‘eiSE-ng y, much interest Q?ort has Iong

been directed to use of flatter acoustic elements or dia- .
phragms to occupy less space, hopefully be less direct-
ional, and preferably be less weighty. Many proposals have
resulted. Some use stretched webs or films of flexible
material clamped at their edges in frames, e.g. along with

20 bonded~on current-carrying strips or wires for electro-
magnetic drive using large and heavy arrays of perforated
magnets, or with applied surface conduction for electro-
static drive from fixed perforated polarised electrode
plates requiring large high-voltage transformers and

25 subject to loudness being limited by voltage break-down.
Drive operation of these stretched film loudspeakers is .
inherently pistonic, and there tend to be unwanted modal .
"drum"” and related resonances at discrete frequencies
requiring specific damping provisions for satisfactory

30 performance.

Other prior proposals have been based on using panels
of expanded or foamed polystyrene edge-mounted in housings

and also rely primarily on pistonic action. One example, ',,n"(
known under the trade name ’‘Polyplanar’, has conventional d
35 moving coil drive. Another, known as "Orthophase" has an 4

array of magnets and coils disposed over its surface to try
to achieve uniphase drive. Yet others, as available from
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Systems of California, have variously shaped flat surface polystyl@ngaY 2006
panels with conplex rear ribbing and thinned edge profiling with a
conventional noving coil driver nmechani snms nounted to a chassis. Bertagni
from 5 Argentina, has patented such proposals nmade from bonded expanded
pol ystyrene beads, ostensibly based on how nusical instrunents produce
sound, and requiring conpl ex edge- clanped structures of variable
thickness/flexibility, but also understood to rely basically on pistonic
action. 10 Yarmaha of Japan nade a | arge | oudspeaker using a thick

pol ystyrene' WOAHMB8gm of "ear-shape" suspended at itsPCTVOEP Mt er, with
nmoving coil drive requiring a |large chassis for registering powerful magnet
provi sion, effectively as a very Ié}ge sol i d-cone, pistonic-action

| oudspeaker V%cﬁxlﬁd ﬂ@aﬂcg%}rsgénéjﬁfsﬁlfifbﬁﬁﬂ | e LAriRdub BN Shapbdiese ot her

I th f al
any ganel ha Pﬁé"a@w FsprentC b U o okl OB SAOREIT O % P00 ve

any ‘ganel vﬁlﬁg
to muisical bosass thinpeddedas Rrefiping véph 4 ﬁ°PYﬁé‘t19W goving Fg?'% t heme was

the Qasis forafveel hectant smnewuetettoo-a apasstlisc uBertagndwn faem"” Sonance”
(see US ]f’atsenirg%nlz&?a 4G4k paréhteat smﬁdprfogssa%r @488 0f o Hont g L 0 Vi rtu;il ly
2y dosi on_ conmPared pafrdiiieths Behdh. SatiBunl¥basisl B biduipheny S TNER 0
better than nbFapeRtss {RROARGR ySOYndy Gﬁ‘FyrF%PitEﬁB?ea?'ERl&Eﬂ #9P83ul ts not
sati sfactory émmped gitrugtatest pf svanidbl e prhd dkmxsisgfil exibPRFEH, CO\AR BACKGROUND
TO I NVENTI VE QQ%CEPB%rgeodat toS 119 V3641197 dahigistoentad¥iohp provide an
acoustic el enpnl Wi th BoPaP RbeNhC184d WMubbbdditel RERECD tnick
polystyrene diaphragm of "ear-shape" suspended at its
’ perimeter, with moving coil drive requiring a large chassis
‘ for registering powerful magnet provision, effectively as
a very large solid-cone, pistonic-action loudspeaker with
" 15 a degree of self-baffling.
In a sense, these other proposals can be seen as being
variations on the simple theme of almost any panel having
potential for sound amplification, as long-known relative
to musical boxes placed on a table top. In the 1970’s,
20 this theme was the basis for a self-contained electro-
dynamic unit known as "Sonance" (see US Patent' 3,728,497)
and intended for screwing or gluing to wvirtually any
surface, including under a table top. Not surprisingly,
absence of any design control over attachment surfaces/
r' 25 panels, together with no better than moderate efficiency,
led only to unpredictable results not satisfactory for high
‘ quality sound reproduction.

PARTICULAR BACKGROUND TO INVENTIVE CONCEPTS
30 It is one object of this invention to provide an
acoustic element with non-pistonic action in an improved
manner leading, inter alia, to ready implementation as more

“\,\“"o viable flat panel loudspeakers.
b Our approach involved relies on exploiting resonance,
L 35 i.e. departing radically from long and strongly established

presumptions regarding quality of sound reproduction being
critically reliant upon avoiding resonance effects.
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panel | oudspeakers. Qur approach involved relies on exploiting resonance,
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PCT/ (3B96/ 02145 4 ... .Qur _.a.pproach Involves. use of materials. capable
of sustaining bending waves and generating sound fromaction ,~ of those
bendi ng waves. CGeneral theory for analysis and cal cul ati ons concerning
bendi ng wave action and related 5 resonances in two-di mensi onal panel
structures i¥OPWAYH2 known and understood, for variousPEUFMEEHE For
purposes hereof, we find that finite elenment analysis is particular- |y
sui tabl e and useful in analysing bend!ng wave action in panel-like

structures; and agfd vdgioddn I SIRNLED! ¥slE£Chd0eR140s A0hARIPAE!
Ioudspeakers i nc tg{?mance of great

ca
clarity/intel§9455P 'Hngt ge'\m éj %Inﬁr?%inéogau’tﬁj%qc’ yAS9hd
r epr oduct i on. OﬁVGPEW#“di“%tWFSvaI%Fél peeSEVefer anallysis andti ve a(:oust iC
devi ces and amllculaitiocosscendegsing\tbdrgidsy weaee prdttenf aod erelateact 15 , ive

and | i kel ys metdaga@mideaalint QﬁJ&n&%siBﬁﬁmﬁ’an%ﬁatslt%bﬁﬁlese'l%r Abnghal ysis, is
actual ly |neff%%d3/ ux\ﬁ’em(%"?()ffo@' L%ﬂo‘& ﬁ‘gr?% 390581_1 s for sound reproduc-

tion based on B reC| FaPB P85 or eshadow

t he anal ysi s,beffgkr é’gaﬁﬂfinﬁ‘a&nﬁi%ﬁcﬂe&&{‘t Z‘Ga%Dé%’csn?'ﬁg’aHE%%Pr'Tv\o of these
proposal s enplyasusablapond usefivde infanaf hel ngobersd icgnexvd metilomnay”, where t he

speed of soyaGhel 1 iXANSracEuidsgCind 8rRSAdL NG MEMRKkEE1Y QPR GRes the speed

of sound 45 dde BB Bupbhell 1R.idndd/ g5 LIMBLELY) o OPOSES 2

i ght sti x0|ted whi | st
cl anped so t HEd °'b%’t9n??‘ifl°lrﬂﬁf“i° éﬁﬂ%ﬂF}/a’éiﬁbié%‘a‘i'ﬂlllaﬂ-’gﬁléthglaédax| s-. bendi ng
waves are gerwaldteulitedeto gogpamiatied sbnudjwencgduckngme. f Ypreovelr, ch t panel

is del i ber at edthedesd dasle fasstve askant sveéaG;iet xcaistieua!&bithe par@cul ar
{E;egt :’IOB s Jn% Qﬁﬁﬂl&g@icﬁg Qr:meghli/t q'eggt? nS”E‘u acieogkpﬁc’t and operate
ive and likely mathematical technique, namely statistical .
energy analysis, is actually ineffective.
We know of a few prior proposals for sound reproduc-
tion based on bending wave action, though none appreciate
or foreshadow the analysis, understanding and practical
20 teaching hereof. Two of these proposals emphasise import-
ance of "the coincidence frequency", where the speed of
sound in panels subject to bending wave action matches the
speed of sound in air. One, see US Patent No 3,347,335
(Watters), proposes a light stiff strip element of compos-

25 ite structure that is excited whilst clamped so that .
controlled intendedly substantially single-axis- bending
waves are generated over a specified frequency range for ‘

which the panel is deliberately designed for a constant
velocity of sound. The particular intention is to produce
30 a highly directional sound output, and operate the strip
only above the coincidence frequency, stated as typically
in the range 700Hz to 2KHz. A weakened shear property is

said to help meet the constant sound velocity desideratum. v
Another, see W092/03024, specifically illustrates and
35 describes a one-metre square loudspeaker panel wholly of ¥

aluminium alloy having a honeycomb cellular core between
facing sheets giving an extremely high stiffness in all
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sound vel ocity desideratum Another, see W92/03024, specifically
illustrates and 35 describes a one-netre square | oudspeaker panel wholly
of alum nium all oy having a honeyconb cellular core between facing sheets
giving an extrenely high stiffness in all 09 MAY 2006 WO 97/09842

PCT/ GB96/ 02145 5 orientations. This panel is required to be nounted to a
~~. support in a free undanped manner, and is shown nechanic ally excited

at a corner by a vibrator device acting react- ively e nounting
to the suppo\"%‘?mﬂffy limted 5 working acoustic rangfgéﬁgﬁg?’ﬁzg%y(’:a’t ed, said

to be suited to applications such as Jpublic address systens; and operation
is again limted to being wholly above the coincidence frequency. Wil st
very high nmechasitaahiosd fi CTRIE pansl i idreqirle@dtd ae moumikdeRergy conversion,

they descr | bedBanel 1h3s 1de3Ouatidbo WiAhek! drd 0h il hediladbL Ve, T eqUITing

a vety large a er some novl Ng- ri-ver. In fact, overall

ef ficiency fredhY RELHELRE? FOTBFT gye’cf’?}?%ri'{%&f’ei%"t&}%ﬁe” 3s than for
convent i onal ivelylsfromk éeenre| monntizigs§o vilrey supryrinsi ¥aly olimdked and rat her
heavy partsCuloakldg WeblistilcSrange 15 sngipatéa,l man®. td bei swite@ansoi N operating

f requency ra@gg.l?émwéSsueaoaoﬁosatlwigffe%f Ly 4wy A Bleddeish appeared to

precl ude achi évin racti cal | oudspeakers, €even r public —address

appl i cati ons “\ﬁhéﬂgigh ’r'%“"leg 580&5’?& °E)?YI??ﬁvt°ecf?‘er§ﬁ R9L48BERi ty of sound
repr oduct i on firequermy . e Xdd shtvegh/ psdurechapheak effiglianey| viadst units.
However, our i@émed feor sdundatneaiag @oraersixal, tlos dasciibednpamayes opnent

;gvga{;i 5 Jg4s e Ot lenaedi @0QVas e a3 £ Ofo 890 9N 2Nl QPFRR)I NY a panel

ehaved acoust.ic elerret_thg%cnhav s%rpr|5|gly w de
frequency cov&FIesa g%u%br?ﬁs?%errg?ﬁg’bq &° Lﬁlﬁgv?ﬁ'st ?P&ﬁcl or°VE%a Poudness
capalg!j- ity effhelqngynfrem the | B\evapPing of ualeckrhealpdmnpet ifd e¥PRect - ionality
and r®fduced preaxi thdny fof feomventionhd lamddpeskers. It is also very
expensive to make; and rather heavy, particularly with its
. 15 support frame. Limitations in operating frequency:range of
this proposal were confirmed, and at £first appeared to
preclude achieving practical loudspeakers, even for public
address applications where there is acceptance of limited
range/ quality of sound reproduction but
20 expectation/requirement for quite low-cost units.
However, our own theoretical and practical research -
and development reveals, as just outlined above, ways of
designing and operating a panel as a well-behaved acoustic
element that can have a surprisingly wide frequency cover-~
(' 25 age and remarkable sound distribution and loudness capabil-
ity, including with low or virtually no perceived direct-
. ionality and reduced proximity effects as to loudness.
Indeed, when appropriately driven by electro-mechanical
transducers, a wide range of light-weight flat or curved
30 loudspeakers can be produced, for a wide range of applic-
ations, to some of which such loudspeakers hereof seen
uniquely suitable, whether or not with wide frequency
coverage. It is noted again that other acoustic devices
arise of profoundly novel and useful characteristics, as
v 35 will become apparent. It is also noted that, in contrast
to other mathematical techniques, specifically statistical
energy analysis, use of finite element analysis could, at

a7
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bending wave vibration ranging over said extent of the .
member between vibrationally most active subareas and
vibrationally inactive subareas, corresponding to "nodes"
and "anti-nodes" (or "dead-spots"), respectively. We found
that combination of the bending wave vibration components

20 from the totality of the natural resonant modes results in
grouping of nodes and anti-nodes by superposition and
clustering at subareas forming regions of substantially
more and less vibrational bending wave activity that can be
considered as "combined nodes" and "combined dead-spots”,

25 respectively. It was confirmed that most such members have
poor acoustical performance, especially at frequencies eff-
ectively excluded by W092/03024, i.e. at lower frequencies
going below the coincidence frequency and down towards the
largest or fundamental wavelengths of possible bending wave

30 vibration for the member concerned.

However, further as foreshadowed above, we have spec-
ifically established how, by careful analysis and orderly

design, some such members can very greatly out-perform the -0
teaching of W092/03024 by reproducing a surprisingly wide
35 audio frequency range with remarkable clarity when used in v

loudspeakers. Indeed, the acoustic characteristics of such
members can be so well-ordered and/or prescribed that uses
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as passive acous- tic devices for su pur poses as providing reverberation
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dat ex getti nFoybesl/ room ficeptatsitécsesults has tended to be very nuch of a
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i nvol vi ng hi 3%1‘; Yo ?éﬁ%d“‘aq‘\flggc?":lfst“lcﬁegs 3 h%“n"‘g‘. 5?’2’?@“8%&&&%’ strongly with

what is now PEEYfOdnapRR HBERiaTeadn i ﬁﬁﬂf datd |effaetiivedubtigidinc! uding for

essential |y fateedgisapdidfor elaspsd medirldynedlal@aiecyetbyng gobay ght f or war d

appl i cati @f QlcchbpeHb1¥ PésQlsORls LORARAI BY%e veAFkEE RG Yhay a&‘véﬂ be, or can

o Lernat i ves ¥y TR Shetouns, i fe SHREE Snanrt and g?‘x{e{;%’i ¥ cal oul at ed
and . achieved essentially pragmatically, typically by using
quite complex proven templates. Indeed, even now, best
results are generally accepted as involving highly skilled
. 15 crafting by hand. This contrasts strongly with what is now

put forward herein as being readily achievable, including

for essentially free-standing or self-contained devices, by
straightforward application of highly practical teachings,
including what can be, or can include, very simple panel-

20 like structures. Indeed, affording simpler alternatives to
traditional sounding boards, particularly of calculated and

orderly design as herein, is seen as an aspect of this

invention.

The calculated and orderly design criteria we are now

‘ 25 able to put forward, from analysis and experiment in the
light of insights gained from profoundly improved explana-
tion and understanding of acoustical bending wave action,

are based on achieving beneficial distributions of bending
wave vibrations associated with resonant modes in a said

30 member. These improvements are achievable by the invention
even for simple shapes of said members that satisfy prop-
ortioning criteria taking appropriate account of actual
physical parameters relevant to bending wave action, see
further below. Also, for any associated transducer means,

v 35 highly effective location and other criteria are developed
herein, see also further below. In relation to this inven-
tion herein, the term "transducer means” is intended to .

A Y
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not perhaps with selective enhancement of intermediate damping

15 material. Generally, however, such intermediate damping .
material should not clamp the edges against desired vibrat-
ional action but should be at least in light contact, part-
icular requirements necessarily being determined case-by-
case in finalising any product design, but generally not

20 being highly critical. Requirement(s) of or for édge-
damping will depend on such factors as testing performance
to assure avoidance of ‘"ringing" in desired operation,
materials of members hereof and size, including vibrational
energy reaching edges. Localised medial damping will also

25 be at areal positions appropriate to frequencies of inter~
est .and/or by way of affixed damping and/or stiffening
material dimensioned to correspond with wave-length(s) of
frequencies of interest.

30 GENERAL ASPECTS OF INVENTION
Reverting to our research and development work, poor
acoustic performance in said members, considered generally,
appears to be influenced by presence and distribution of e
the above-mentioned dead-spots and combined dead-spots in
35 the transverse extent of the member; and/or the converse,
i1.e. by spacing and distribution, or spread, of said nodes
and combined nodes and/or complexity of combined nodes.

-
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i ncluding vibrational energy reaching edges. Localised nedial danping wll

al so 25 be at areal positions appropriate to frequencies of inter est
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and conbi ned dead-spots in 35 the trgnsverse extent of the nenber; and/or
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bettér acoustrcal erffor nce or._action .arilses om care taken to reduce,
preferably a§eh‘é°aer' 5 perrggﬁ 230157 1% ﬁf%ﬁg?bgcgg@inlagﬁté’CST’r'corrbi ned
deadwspots; &REFHoft Rembifiedefesd-§potayr and/ sy &he ycaverse Mft mAZe t he nodes and
conbi ned nbdesemperistributinade encies eatdde dbmitinet oawendesr, spi@f erably at or
TPvent | on 1 ofTamsaea dheetic MOy GieR, Hloreasly Ao OO T S enti on
i s directed ﬁ&gf%sgﬁgﬂjty &Bd%%acﬁc%&\ﬁerC#O%%%q%@%&%?’?%%ﬁﬁsi dered to be
of useful intoérehg inyenbigo fogaappdicationsiy gudkp £5eqenpy grangess f ecti ve for
atten- tion tparbeculiarexttedtion iowdredtedqte reyonatonsids aodewern a nuch
Pres el S USRS Bl ARl oLS) O (ML Bea g L0, eSOnn!
irrgt 2$est?1 i %92?(2)@2#. orﬁ &7 (%J'sqc’élgg 'ioog? H’&gﬂb’é\;eg?eﬁéls"gi g?’é?gt(‘jf“'goncept ual
funda.nt al s tiorghe Rardimected g Wy Ratkedurpenriesprant podeadnber. The
nor ra™ var i atmuoh xfoalendfreguemcye rapsedfwattualr epertiynaln inter-
est, even to resonant modes that may be below a high-
‘ 15 starting such frequency range of interest, i.e. closer or
closest to the lowest possible, or conceptual fundamentals,
for natural bending wave vibration in the member. The
normal variation of bending wave speed with frequency in
practical materials and structures is fully accepted in
20 members hereof without finding problems. .
We further find, as an aspect of invention that best ‘
location of transducer means is at one or more positions
coupling to one or more said combined nodes whereby many,
preferably a number considered to be a practical maximum or
" 25 optimum, further preferably all, of said lower frequency
resonant modes in an operational acoustic range of interest
have vibrationally active nodes - which can be by way of
plural transducers on a combination bhasis using two or more
said positions, advantageously in as complementary a manner
30 as available relative to the resonant mode vibrations at
the positions concerned. Such positions are different from
all known prior art, and are even found to be advantageous

@ in use beyond said members with preferentially orderly
distribution of said nodes and combined nodes.
v 35 A useful practical criterion, and aspect of this

invention in relation to preferentially distributing said
nodes and combined nodes for a said member, is for frequ-
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all, of said |ower frequency resonant nodes in an operational acoustic
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15 account. Generally, for resonant modes relatable with .
different conceptua; fundamentals, this criterion/aspect is
herein seen as "interleaving" of the resonant mode frequen-
cies concerned.
Another useful criterion, and aspect of the invention
20 relative to shape(s) and proportioning of said transverse
extents of members hereof, and location(s) of transducer
means of "active" acoustic devices, concerns desirability
of only a small and orderly spread of transit times for
bending waves at resonant mode frequencies relative to the
25 transducer means and reflecting edges of the member, inclu- .
-ding -taking account of -the -speed- of sound, i.e. represent- T
ative bending waves, being frequency dependent, whether or
not in preferred sandwich-type laminated structures, see
further below. Close orderly arrivals, say just short of
30 coincidence, “of such resonant mode bending waves back at
the transducer means after relevant complete traversals of
said member involving two edge reflections have highly

beneficial effects as to rapid spreading or augmenting e
build-up of bending wave action out over the whole area of '
35 the member. : ¥

It is postulated and envisaged herein that acoustic
performance of members will get better and better the
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' FURTHER PRIOR PROPOSALS
It is believed to be convenient, at this point, to
‘ 15 review two prior patent specifications first published
after the priority dates for this application, perhaps
particularly as it is found feasible, often advantageous,
to implement the present invention for loudspeakers using
piezoelectric transducers. WO 95/31805 and WO 96/01547
20 both concern, inter alia, loudspeaker proposals by way of
plezoelectric driver patches, whether applied to-panels of
lids of lap-top computers or to fold-out panels of compact
disc players, or within shells of video display units or
disk drives of computers, or to light-weight polystyrene
. 25 tiles, or supplied as an add-on sound unit for mounting to
other surfaces. Illustrations of preferred embodiments
show substantially centrally located paired piezoelectric
drive patches: and much is made of such things as hollow-
ness of associated lap-top 1id, and other specific three-
30 dimensional housings including a particularly preferred
loudspeaker housing of triangular-section; also of various
steps proposed for avoiding panel resonances. These latter
steps are clearly merely of an ad hoc or "try-it-and-see"
nature, involving the addition, as and where found to be
¢ 35 effective, of damping and stiffening strips until sine-
wave-sweep tests show unwanted vibration/resonance to have
stopped. Compared with teaching hereof, there is no ind-
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vol unes 15 contrasts starkly with this invention, where resonances are (‘
basic mechanisms to be positively predetermined/encouraged,
including optimised/maximised in an orderly manner, for
useful acoustic performance/action of panels in themselves;
also positively utilised in combination with predetafmined
20 asymmetric 1location of advantageous carefully designed
electromagnetic transducers that include moving-coil as

well as piezoelectric types.

SUMMARY OF THE INVENTION

25 The understanding we have gained leads to many ways
. .and.view-points in and from which -this invention is novel
and can be characterised in various aspects, for itself and
relative to the known prior art. Reference is directed to
the claims, particularly to independent claims representing
30 a selection of such aspects of this invention, though, as
will become clear, there are more and other alternatives,

both general and specific:-

MEN
35 ‘Our basic research and development has particular ¥

relevance to practical implementation of this invention,
and is now reviewed in more detail.
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particul arly ad ;ﬁf |te§ rlr’f# %?gg%%% hSvlr}{%lgg?{%b%ggm%frtesng?si/grzeot o realising
i nvep‘ve aspect sPimensions, as such, for any particular shape, are
mainly effective by their inherent contributions to deter-
mining lowest natural frequencies of possible actual bend-
‘ 15 ing wave vibration for the member, even to conceptual -freq-
uencies effectively as different fundamentals for related
frequencies of natural resonant modes, including by reason
of angled relation of directions of dimensions concerned.
As to shape, particularly proportions as to relative
20 values of defining geometric parameters, it first proved
useful to consider simple geometries, specifically members
bounded by rectangles, or by closed conic sections, 1i.e.
elliptical; and to do so in the above-mentioned context of
a said member that is substantially isotropic in bending
25 stiffness in all directions, or at least much the same par-
allel to sides of a rectangle or to major and minor axes of
an ellipse or super-ellipse, though see further below reg-
arding impact and utility of anisotropy.

30 SPECIPIC APPLICATIONS/FURTHER ASPECTS OF INVENTION
For a rectangular shape, an artificial first construct
found to be of particular practical value concerns distrib-
utions of vibration nodes associated with natural resonant
modes, and of related dead-spots, that would theoretically
¥ ' 35 arise for each of the different lengths of its sides when
considered alone, i.e. each as a single axis for bhending
wave action, as if there could be no other bending action
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consi der sinple geonetries, specifically nmenbers bounded by rectangles, or
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are verse nenoper oncer ned
gener at ed |ng1 elr ?orat f/as mga’ét 9 n&?g’;ﬁnﬁg faﬁf?F rgi‘ég%nt ed '
tab|es/naj$|(9§gdiqg wave action that will have complementary 1strib-
utions of vibrationally more/most active regions and vibr-
ationally less/least active regions; and selection for such
modes to be superposed, thus parts of notional one-axis
natural bending wave actions to be considered, is proposed
20 on the basis of proven effectiveness for purposes hereof.
Such composite pattern generation were used to find orth-
ogonally related dimensional values (corresponding to the
different sides of a rectangular shape) for which respect-
ive said composite patterns will, as notionally superposed,
25 produce at least some useful degree of "matching" between
the vibrationally more/most active regions of one of the
composite patterns concerned and the vibrationally less/
least active regions of the other of the composite patterns
concerned, and vice versa.
30 This matching can be seen, albeit through admittedly
artificially simplified/idealised approximation, as aimed
to reduce the coincidences that would otherwise contribute

to the afore-said combined dead-spots of members or panels ¢
to which teaching hereof has not been applied. Moreover,
35 this matching can be sought to any achievable beneficial J

extent, including maximally or optimally for reducing or
minimising notional such contributions to combined dead-
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been appl i edbew%ﬁ@rif :i,‘gngﬁciaﬂatchl ng can be sought to any achi evabl e

beneficial exte ncl udi n opt uci ng or
ni ni ni si ng not i oqﬂ e B P'?:)u L"'X é)h; nbi ne& %eeﬁ ﬁ“ogﬁr NAY 2006 WO

97/ 09842 PCT/a@B%woeamst@pef §hea1teSPea§% maﬁlqwnd |qoxFespaniing r
appr oxi mat i orempddice petennedof espnahbvarodestruduentheprdaticéhe t wo

conposi t €30 Pahhes N app¥ed MR tE@MbRE &R EDE YeqiBncy NGkuLedyifg) OVer orders
of interest QL rglaq:\igga&olﬁglloe&uigs a}‘gv %%%to&aiggﬁgfﬁgpofcﬁngﬁ' red operation,

as outlined a8 even 1 OW Sane M n t heory,
per hagm, bestatﬁ'&‘f’i:il??‘nb“@w&ﬁ%lu@ea%G@He"f“é}’ell’as‘f%ﬁﬁﬁia%l%%#%I e of the
resonant nodeswencdrders edpoestinagt mdrpo Siayeupaiot thienthdfd mxdeadove

construct. | Repésst c6fceptia i rasaARRtALSrboudn?® ARRYBg MGR! 14 requency
I nt er‘av&gg,an for said transverse extents of the two-dimensional said
members), preferably up to at least the fifth orders (total
twenty~-five), perhaps up to or beyond the seventh orders,
for maximising or optimising matching. Better modelling,
as later done using finite element analysis, will usually
20 show other resonance, including lowest modes affected or
attributable to diagonal dimensions and/or non-bending wave
modes, which are additional to considerations for this app- -
roximate construct. In successful actual development work,
the resonant bending wave modes taken into account in these
25 matching routines were at frequencies going consecutiveiy,
considered as a single combined sequence, from conceptual
frequencies treated as fundamentals for the two sides of a
rectangle up to over twenty, usually thirty or more, pref-
erably at least twenty-five. Results show very satisfact-
30 ory purely consequential orderliness, spread and acoustic
action/performance for higher frequency resonant modes.
Interestingly, and valuably in practice, particular
aspect ratios for side dimensions of a rectangular shape
with isotropic bending stiffness emerged as being of use-
¥ 35 fully general application. One such preferred and highly
effective aspect ratio is at about 13.4% from square (i.e.
out of equality of sides), specifically at 0.882 or 1.134;
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very satisfactory results have been obtained fromlimting attention
individually and collectively to particular said | ower orders of {8sHA¥n2006
nodes, say up to the third orders of each conceptual |y fundanenta
frequency (making nine in 15 all for said transverse extents of the

t wo- di nensi onal said nenbers), preferably up to at least the fifth orders
(total twenty-five), perhaps up to or beyond the seventh orders, for
maxi m sing or optimsing matching. Better nodelling, as |ater done using
finite el enent analysis, will usually 20 show ot her resonance, including
| owest nodes affected or attributable to diagonal dinensions and/or

non- bendi ng WaYEMs4pdes, which are additional to consiR¢@GA¥0¥4S for this
app- roximate construct. In successful actual devel opment work, the
resonant bendi ng wave nodes taken int® account in these 25 matching
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practice, particula spect _rati or side di sl ons a tectangul ar
shape with 8%t F&pﬁﬁa%eﬁgi %‘é‘“’ét oFF17acY jZW&BBEE e FRYISF %e 35 fully
general appl pehtqosparaly effartpyef eFrearednrdingary acepprabiliyveo aspect ratio
is at about #3r4padtionlaxappiiddtions/ alsvioés eandl telited Sdsdesd
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16 and nu 0 ur_ear vel opnen or as use I s val ue. However,
anot her p ?eﬁ??@ﬁryg\’fg}‘%fﬁ%’l 8% éct“%?ﬁ’%ef} R8s 3 RHFPEOR 1580 PaELSibout 37% out
of square, tAseidiganpimpisdng reantsibution(ehsto sanmsbic |ankden/ r esonant
nodes may beppafddmantar by bnwedhtiedalfequeakyedl 6f Tessmant aoabhers thagt can

be viabl e, :pQPhaﬁt paebdulak1 OMEY weguf&‘%ﬁy oé§r§%ﬁ%§gia J:fqéxe t her not
conparably effective r [ &l @u _gﬁ% age ﬁa SO r _rtlcular
appl i cati onsF2RERi 88S agﬁanf"b’i gf!ﬁg’ 48¥ | T°98™ ’dﬁg SRR °f (YE4B8Ticy ranges, or
(e.g. in Y¥pelPFeE meBRY 10 speaker inplementations) utilised on a co[ﬁom’ se
basi s As should be abundantly clear, the above construct
involving superposition of composite patterns is not put
forward as a true representation of actual natural bending
wave vibration in any particular said member, only as an
20 approximation found to have practical value. The actual
natural bending wave vibration in any said member will be
very complex, making effectiveness of the construct all the
more surprising. Thus, there must be interactive effects
between such main conceptually fundamental-related bending
25 wave actions, as notionally considered in the above cons-
truct for two side dimensions and ‘directions of  substant=
ially rectangular shapes, including localised bending for
one affecting the other; also edge effects, including by
way of reflection and damping, further to contribute to
30 overall transverse bending wave vibration and distribution
of vibrationally more/most active areas or cdmbined nodes.
Whilst such effects can generally be expected to be helpful
and/or of little impact for higher frequencies of resonant ¢
modes, with necessarily higher individual node populations
35 of said transverse extent of the member, we have further W
established that particular unwanted vibrations and/or vib-
rational reinforcements can be dealt with by said damping,



I ncluding mnimsing contribution(s) to acoustic action/ perforn@&fggég
unwant ed frequenci es of resonant nodes, perhaps particularly bel ?E
operational frequency range, see also further bel ow regarding | ocation of
trans- 15 ducer neans. As should be abundantly clear, the above construct

I nvol vi ng superposition of conposite patterns is not put forward as a true
representation of actual natural bending wave vibration in any particul ar
said nenber, only as an 20 approxi mation found to have practical value. The
actual natural bending wave vibration in any said nenber will be very
compl ex, making effectiveness of the construct all the nore surprising.
Thus, there W42 interactive effects between suchPREFMOdticept-ual Iy
fundament al - r el at ed bendi ng 25 wave actions, as notionally considered in
the above cons- truct for two side dimensions and directions of substant-
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di stributionex¥ftyj prational |y nore/ nost active areas or conbi ned nodes.
Whi | gt such ef f echereas, geowavak| yoree eekqacteat tic hes Malepf Bbunaand/ or  of

little i mfsacaa:i Fe Bbﬂé’ﬁrciii %U%Bﬁé a%1t6f sﬁ&&?ﬂ@rﬂccomeit Yéidt necessarily
hi gher i ndi VI dual g uI a% ons 35?%& saflog transvgr gxtent of the
er t

menber, we h&Ve 11 'shéd parti &ul EPPIARER Y vi brati ons
and/ or vi b- F%ﬁti“&ﬁ&%a‘r éi”rﬁ BP%I‘IP? gasPnga d‘é’&PF %sPﬁiﬁﬂPds‘a#@ danpi ng, 0
9 MAY 2006 WG 9di/ago84l RR@eAGRAG/ ORA3hbringldt i leastamainigr dklpfrl sel ecti ve

edge danpi Ngcenubishtsl @6t ass reb At SRk iBREL AlordaPddAatahodddl EVant
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been fou can i C accou at least as
usef ul refi nBRERE™INGARISPC f%’PP&SsJ@}Q?%FP%ﬁ%gh?feéﬁé?fgaﬁaﬁr%-al d menber,
t he rconant ingpond satxenyi ef cbendimpg stiffness. Sensible practical

limits for consideration of this refinement as to result-

ing shape and transverse area reduction arise naturally

‘ 15 from approaching some other analysable shape, e.g. super-
ellipses or at least regular polygons, say preferably not

reducing the diagonal beyond larger or smaller of side
dimensions. Useful, though not essential, further refine-

ment is seen in such corner cropping or trimming being

20 differential, at least for corners of different diagonals,
whether to different extents for each, say in a mutual
relationship producing a similar "matching" (for diagonals-

related resonant modes) to that above for the side dimens-

ions, and perhaps further relative to or effectively cont-

. 25 inuing or complementing or usefully compounding the sides-
dimension matching ratio. Application of effective short-

. ening to one diagonal only can be enough, in practice, say
to each end equally for a resulting shortening to medially
between full diagonal dimension and longer side dimension,

30 preferably to attain progression of side and diagonal dim-
ensions at or approaching maintaining or repeating above
preferential aspect ratio for successively increasing
values, conveniently so approaching by substantial even-
ness of dimensional differences or a straight-line dimen-

4 35 sional relationship. Satisfactory shortening of only one
diagonal of a said rectangular member, at least idealised

for isotropy of bending stiffness, is seen at about 15% or

iy
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I s diagonal dinension. Assuring at |east mainly hel pful contrlbg%g ‘yc?mm
desired distribution(s) of resonant nodes 10 can be aided by cro 0@
trimm ng or curving of corners, or formng to such shapes, though see
further bel ow regard- ing anisotropy of bending stiffness. Sensible
practical limts for consideration of this refinenent as to result- ing
shape and transverse area reduction arise naturally 15 from approachi ng
sonme ot her anal ysabl e shape, e.g. super- ellipses or at |east regular

pol ygons, say preferably not reducing the diagonal beyond | ar ger or
smal l er of side dinensions. Useful, though not essential. further refine-
ment is seen'PH"M&n corner cropping or trimmng be|n§ Bﬁhdﬂ?ferentlal at
least for corners of different diagopals, whether to different extents for
each, say in a nutual relationship producing a simlar "matching" (for

di agonal s- rghaitedos esreantorabes) about hat snhadeadout $¥% aspder di nens- i ons,

and per haps }H{;{A}er % e%ttWéi‘lyIO or effectively cont 25 inuing or
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approachl ng nal ntal ni ng or repeatin ral "aspect ratio for
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even- ness ofnd/oeronbiraltidi fofesesic eempasige gratipoig -t detedintmer 35 si onal

rel ati onshi pyisetd s:feags&mweshmmabmg aid 08! Yataogs) dégnaak €4 a said

rectangul g4 ggg}[)& atrejj @étcd % %d% y g g stlffness
I's seen at abou f’%oor 9 MAY 8 9?%‘-9&84%%?' ég% 35’@ :
about . 10% sh&+8°% 8P %%ﬁec"é'%ﬂ?} %ﬁ%"ﬁnﬂ‘ ab® 23 78R8 Rk £y os o
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respect i § qu eres ndeed, wider inven ve
application is seen to other shapes for a said member and
boundary- or shape~defining geometrical parameters there-
for, along with corresponding constructs concerning at
least notional fundamental frequencies and related resonant

20 modes in particular directions or axes that need not be
orthogonal nor directly related to such geometrical param-
eters, e.g. for straight-sided shapes such as unequal-sided
quadrilateral or regular or irregular polygonal or parall-
elogram, or curved-sided shapes such as conic sections or

25 circular with variable radial slotting, or super—elliptical
{see-below) with power factors as-well as -major/minor axes
ratios; or combinations of such shapes, indeed anything
other than a member of too narrow width to support useful
two-dimensional resonant modal complexity.

30 Certainly, such extension is available from other more
sophisticated mathematical techniques, e.g. FEA, that are
available, including computer program packages; and permits
substantially full analysis of overall natural bending wave _ ¢
vibration including and according to identifiable causative

35 resonant modes and generation of relevant data, including A
plotting, from appropriate definition of boundary shape,
for inspection and manipulation for beneficial frequency



and/ or conbi nati on of such conposite patterns to determne viable
respective di mensions and/or ratio(s) of sides to 10 desirably redlde MAY 2006
conbi ned dead-spots and/or effectively place nodes or conbi ned nodes of
one in dead-spots or conb- ined dead-spots of the other, afford individual
and/ or com bination aspects of this invention: as does one or nore of

sel ected orders of resonant nodes being lowin the range of 15 acoustic
frequencies of interest. Indeed, w der inventive application is seen to
ot her shapes for a said nenber and boundary- or shape-defining geonetrical
araneters t - for, along with correspondi ng constructs concerning at
Feast nbtiongﬁ;gﬂ% anent al ?requencies agd relgted reggﬁgﬁ?mfﬁsnndesgin
particular directions or axes that nggd not be orthogonal nor directly
related to such geonetrical param etérs, e.g. for straight-sided shapes
such as unequshtexttlexlinguadybt afoer pd ttern maguohhig @k distegpitabnpol ygonal or

par al I[ el 09! 8iMlviBEa sk _ﬁ%ﬁ@ﬂo??%@§v§%§ﬁe@ﬁ:oﬁ9ﬁé& {isa%dl Qng (Or 25b  ow
circular with_u adial, s | r_super - | . (see-. bel o
with power fa‘c’:’tb%{als&%saﬁl&e TSSéée%s%afgg M ng?gésg’&s%fﬁ'h&b%d;caﬂ(?Fd'corrbi nati ons
of such shape®Potisndéedl A9RICAPHY mosEhaYeR HHif talbutiber obf ress@antirrow wi dth to

support uséf ukoddswotilismeedickian afesvrantt nodalnebapadsipbys. 30 Certainly,
fucﬂ extension i sE@m|1![,%9%&1550513(30;“9'@{%{13@@ %lgggicﬂtnbc% e;q,trqgi hemat i cal
echni ques, e_g. e cayai e, Lnc ng conputer program
packages; andt%’enr r%Ef\%ne sgbxg%;ento f Z‘i“%yogu"i' reaﬁ%?metséfgc% PRYAIEPFE nat ur al
bendi ng wave ™&¥ HeaPrER GUARFWHinsadHhYd fa%%’d-rtér‘-?% ysdng derkdtleapre causative
35 resonant moatesixaekl vibretriani erergf doskemandf dalgaid icfCblehengal pl ot ti ng,

from alop{ Oy | ghKardasiori Eéi@ntﬁnsb@ﬁHﬁdé{ﬁénﬁig%@ﬁA\%{lgho ' p&g&#ggzﬁgd
peT) Gaos) 0214EEA BEEE RLERE kb BAEREL: Spgraci ol Bt dRtnli ot op
di strigait i ons®F d1°TEi FA O ok SR RATEPHRRTS - ackhardyY nyeaktepfEAEd nodes and
vi br attonal | ythessbhxeast ant generaddpdid bodisrec oerfruiired id€armatipat s, for
desirably nore evedreliest fispsdtsOnsOhnt@TeBANArBe"dBSn (AYES shefuct i on of at
| eaSt‘Onbfsnegimgﬁée%?t §ay grid-related, energy summation as method

or means to achieve maximal or optimal or acceptable dist-

ribution of vibrational nodes/combined nodes associated

with natural resonant modes transversely of said member.

Turning to elliptical shapes of members capable of

20 bending wave action, also first considered where there is

isotropy of bending stiffness at least in directions of its

major and minor axes or universally, the natural bending

wave vibration concerned includes resonant modes contribut-

ed by hyperbolic and/or angled components -from peripheral
25 curving and going through the major and minor axes. The

major and minor axes are found to be significant, particul-

arly their ratio. A practical ratio of major and minor

axes for true elliptical shapes has been determined at

about 1.182, with a viable alternative (interestingly sim-
30 ilarly to above for rectangular) at about 1.34.

It will be appreciated that super-ellipses effectively
involve outwardly deforming the curved boundary of a true

# ellipse between its major and minor axes going so far as to
produce shapes approaching, seemingly rather similar to
* 35 curving of the above-mentioned diagonal-reducing corner

treatment of a rectangular shape, though see further below
regarding locating transducer means). There is an addit-



Such inspection and mani pul ati on according to varia tion of one or m@rﬁﬂbfpaﬁ
two or nore geonetrical paraneters may be particularly readily facilitated
using a table or nmatrix of vibration energy contents of a grid of

el enental 10 subareas of said transverse extent, particularly by changes
that take place with paranmeter variation, preferably as one or nore
rati os of such paraneters. Energy sunmations for the subareas and generally
will give required information. Furt her aspects of invention arise herein
for such 15 distributed, say grid-related, energy summation as nethod or
means to achi eve maxi mal or optinmal or acceptable dist- ribution of

vi brati onal WMo onbi ned nodes associ ated with nat REHGBI@BdNant . nodes
transversely of said nenber. Turning to elliptical shapes of nenbers
capabl e of 20 bending wave action, & so first considered where there i s
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out wardly defstid agpt heExampvesl weotadarproebssed fge toetld Rate het ween its
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seem ngl Yy ra nment i one
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di agonal - redugﬁTg%‘B’? r?e ‘{)rfé?ﬁt ?9‘ BrPRASARY A SPRLRE, £9%hough see
further bel ohsotregyr af ngerdi@gt |5ﬁbfﬁ‘§°aﬁsémﬂ:e‘rnﬂ¢Eartby sipmiidyimg an addit WO
97/ 09842 PGTLGBAEADRI AT eqdBlinnal- aver. daltersnngsentiag bnwwer ictor

2n as wel |l ag, 1 NRrOk/BEbpEh AP nRFES nd r b in e
rel evant boundar)é dﬁ{l %r? ur}lé?l onis?ﬁ?a) b%wao%y/ ll})%g v V\:ﬁl ch leads to

t wo p053|b|I|f|e eterm ni ng pref- erred maj or/ m nor axis ‘tlo
alb for afy particul ar vaIfLFé' a/b = 1.15, n=1.9
for n=1.8, a/b=1.13 to 1.22 or 1.32

indicating advantagéous spreads or tolerances on practic~-
able inter-relationships of n and a/b. Also the value of
1.4 for a/b represents a viable alternative, viz
20 for a/b=1.4, n= 1.37 to 1.40.
Extensive, but essentially routine, processing work on
other values of n and a/b could lead to other viable poss-
ibilities, and co-optimisation of n and a/b together may
produce, whether much as in first-given above examples or
25 going further, one or more particularly advantageous super-
- elliptical -shape(s). - -

One composite shape investigated is of substantially
super-elliptical and substantially true elliptical parts
merged with a common major axis favouring said elliptical

30 part by about 1.1 - 1.3:1, and with an aspect ratio of
favouring said major axis by about 1.2:1 relative to width.

Interestingly, it has been established that regular
limiting cases of rectangular and elliptical shapes in
terms of sides and axes being equal, i.e. for respective

35 square and circle shapes that are isotropic as to bending ki
stiffness etc, result in members having significantly less
good acoustic action or performance, though the teaching



of n or determning preferred value of n for any particular ratiopdi4sy 2006
Exanpl es we have processed up to the date of this Application are between
1 and 2 for alb and for n 10 (i.e. from2 to 4 for 2n); such processing
again being for isotropy of bending stiffness and under the sinplifying
constraint of equality of area. Interestingly, the value 1.1 for alb
appears unprom sing. However, the value 1.15 is a good one, viz 15 for alb
- 1.15, n=1.9 for n =1.8, alb =1.13 to 1.22 or 1.32 indicating
advant ageous spreads or tolerances on practic- able inter-relationships of
n and a/b. Also the value of 1.4 for alb represents a viable alternative,
viz 20 for aVB%®¥24 n = 1.37 to 1.40. Extensive, buPCHE¥EM4Saldiy routine,
processi ng work on other val ues of and alb could | ead to other viable
poss- ibilities, and co-optimsationof n and alb together may produce,
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el ligtical 3fopaseatdmembpoui@siparticdlZly, valvdbhe tdndamdvaspegdouwsat i 0 of

faVﬁuri Bg 5S ahEouBR) O aévdices byr &%@nﬂs,chb.mbsiﬁtnbVQeiﬁe‘gagi,h-andl n][ erest ijn9| Y,
it has been [ t..re i gt f rectgngul ar an
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respective stUABPENGART r RIVEREREhe2s it Locatingihrgppeuqss t o bendi ng
stiffness etweansebedaw)i;nakeonberhaviayiatgled gnitwe cagléed axessdirgood acoustic
action or peséfyoiBnee dimbasighst §evingaehéd@oOal SR MY AQEpMR197/ 09842

PCT/ GB96/ {}? 18pequakcl ¥ 6F ratutfl b P6A:OR, qgciJﬁgggt%%teﬁheaﬁ?%tlﬂas been found

to have sonme yseful .gai q:.for shapes pro ortion . than as preferred
above, incl uif aﬁ?sr/ggfﬁ? *2ha °§q‘g qs ?—?)%@9/%?‘,9“??5‘1’1%&5& Habbers as
part iUI ar | yangliegatn eagh Pthemafnalasudiagonals of a rectangle, and

applicable generally, e.g. to sides and/or diagonals of

other quadrilaterals or sides and angles and/or apex-to-

‘ 15 apex lines; and in there being, for each of basic shape
types, one or more predetermined relationships between
conceptual frequencies that leads to beneficial inter-
leaving of resonant mode frequencies and/or "£illing" of at
least some, preferably up to as many as practical, of what

20 would, for other dimensional etc relationship, constitute
combined dead-spots.

Significantly, it has further been established that
sald members with shape variations by different relative
values or ratios of defining parameters than specifically

25 put forward above can be used in a generally equivalent
manner. Thus, the above analyses, including the construct,
are equally applicable to members with any particular ani-
sotropy of bending stiffness, i.e. different in directions
along length and breadth of a rectangle or parallel to

30 major and minor axes of true ellipses or a super-ellipses,
and will produce corresponding preferential aspect ratios
etc. Perhaps most interestingly in practice, the converse

5 is likewise available, i.e. determining degree of anisot-
ropy or ratio of bending stiffnesses that produces effect-
' 35 ive equivalence to, even "converts" or "mimics", for given

variant shapes, the idealised isotropic cases we analysed
first, thus use the same preferential aspect ratios etc as



5 acoustic devices or elenents, conpelling desiderata, and aspects of
invention, are seen in irregularity/inequality (as to shape) and gsyrWEt rygs
(as to locating transducer neans below); also in having at |east two '
angl ed axes/dir- ections or dinensions giving rise to different conceptual
10 frequencies of natural vibration, including for shapes with such
axes/directions or dinensions not necessarily at right angles to each

ot her, such as diagonals of a rectangle, and applicable generally, e.g. to
si des and/or diagonals of other quadrilaterals or sides and angl es and/ or
apex-to- 15 apex lines; and in there being, for each of basic shape types,
one or nore POSHBLr mi ned rel ati onshi ps between concdSTERP6RMEqUENCI €S
that | eads to beneficial inter- |eaving of resonant node frequencies and/ or
"filling" of at |east some, preferaBfy up to as many as practical, of what
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construct,s are RpQyatd )éngpﬁxio%lbgfeggﬁirﬁ%np@irﬁnyggg 2EY RPRELcul ar ani
sotropy of bgnd|£333§££gneggn,l.fw, | erept in.directions _along |length
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el |i pses or @rswRnve, el spekaring fking |dr phestgcarnided ctppenchnegimr ef erenti al
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15 ance(s) can be likewise adjusted relative to length/width .
bending stiffnesses (which may be equal or unequal) so as
to get some if not all of benefit otherwise obtainable from
shortening at corners, e.g. trimming or cropping them. An-
other way to vary bending stiffness in any direction is by

20 curvature of the member itself, whether in only one direc-
tion or even in two or more directions, and whether along
or at an angle to or transversely of any particular direc-
tion, say one or other of directions associated with para-
meters defining shapes and/or conceptually fundamental

25 frequencies (hereinafter, including in the Claims, most
often-referred to simply as "conceptual frequencies"). It
is further possible to have varying bending stiffness along
any axis or direction, including progressive or otherwise
over area, whether by combinations of "grains" in skin

30 layers of sandwich structures or differences areally in
core properties, say thickness decreasing or increasing
from edges inwardly or whatever.

Aspects of this invention arise from predetermining *
differential bending stiffnesses in different directions in
35 a said member in order to achieve at least some useful 4

results in terms of distribution(s) of vibrational nodes
and combined nodes and/or dead-spots and combined dead-
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seeking and assuring more even distribution of vibrational
nodes and/or combined nodes being limited to lower orders
of resonant modes, say at or up to at least third order
and/or not more than seventh order (whether determined
absolutely from conceptual frequencies or relative to
lowest frequency modes within and/or below a frequency
range of interest), including consequential effect(s) on
operation at higher frequencies, and proving highly benef-
icial in extending usefully achievable range of operation
well above the upper frequencies considered limiting in
W0/92/03024.

More specific aspects of invention include operating
over a wider frequency range than W092/03024; and/or remov-
ing its limitations to operating only above the coincidence
frequency, for example to operating frequency ranges that
include the coincidence frequency and/or are wholly below
coincidence frequency.

Members embodying aspects of this invention by having
designedly distributed vibration nodes associated with
resonant modes of carefully related conceptual frequencies
of natural bending wave vibration can, in themselves, serve
as useful acoustic devices. One way is for reverberation
purposes including to improve or desirably alter acoustic
characteristics of some associated acoustic device, such as



O her aspects of invention arise from accepting, or seeking, or rro@g r& 292 96
sone effect(s), such as arising from 5 augnenting due to edge-reflect v
or interaction frompos itional proximty or superposition of nodes for
sonme reson- ant nodes, or other differential effect(s) conparing one
resonant node with another; say in ternms of having sonme particular
"voicing" of the resulting acoustic performance/ 10 action of the nenber
concerned. Modification can be by way of general or selective edge danpi ng

or | ocalised nedial addi ti on of danping material, even by holes or slots
formed in the nmenber. An aspect of this invention also resides in seeking
and assuri ng WV 8%&,en distribution of vibrational S PG/GRHBHSand/ or

conbi ned nodes being limted to | ower, orders of resonant nodes, say at or
up to at least third order and/or ndt* more than seventh order (whet her
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nat ural bendi I bra Serv s useful
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nother VW¥g Ifcé%%naggé%%ggormance, leading to various more aspects of

invention.

LOCATION OF TRANSDUCER MEANS .
Specifically, we have established that there are much
20 Dbetter positions for launching bending waves into a device
as or for a loudspeaker and utilising a generally rectang-
ular said member than what is shown in W092/03024, namely
at a corner, or substantially centrally as in WO 95/31805
and 96/01547. This is the case even after above-discussed
25 improvements as to substantially isotropic such members
being . designedly. out .of .the. square shape. mentioned .in
W092/03024, or predetermination of anisotropy for other
square or out-of-square shapes.
Improvements hereof in determining location(s) for
30 transducer means also began with the above construct conc-
erning notionally unidirectional bending wave vibrations
and their combination to obtain improved resonant mode
distribution. A successful method and means for preferred
transducer site identification resulted from finding those
35 positions at which the number of dead-spots for any of the t
resonant modes concerned is low or least and/or the number
of vibrationally active resonance nodes concerned is high



bet ween incident and desired acoustic ranges. Further ing ways inc|lude for
desirabl e environnental "colouring"”™ or 5 "voicing" purposes, say f B HAY 2006
room including effectively renoving or conpensating for unwanted effects
(as could otherw se be due to room shape or proportions or contents. Such
uses are referred to herein as "passive". However, use of nenbers enbodyi ng
this invention is 10 envisaged in or for what are referred to herein as
"active" devices or purposes, requiring association with transducer

means, and found to be dramatically beneficial for |oud- speakers.
Particularly, it has been established that |oca- tion §£ t he transducer
nmeans can grgQPwVMznfluence acoustic 15 action or perr ﬁ%ﬂ@%ﬁ leading to
vari ous nore aspects of i nvention. ,LOCATI ON OF TRANSDUCER MEANS
Specifically, we have established that there are nuch 20 better positions
for | aunchi ngrbefyhesg, WA¥ESin tbmsA ofledtieC Lesdan@mddes tadeaudsyreaker and
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al so began WA EHd 7ab eaﬁ%?é{gr’qg%u@gn@ pggﬁ’?br'}ﬁ o™ $2%hi di recti onal
bendi ng wave aprperEngrnignoging SHaiicabinnsi- ndOr byt BAHERIEF tEPRDVed resonant
node di stri iuben mednsyateiss prdfereéd atlanndchaaestion for akceis-ed transducer
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nunber of dead-s
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i s hi ‘ | t (Er3RARuCeXOREPNACD PREIV QL PlneT) dmoBsdresoueans (as can

be advantageous for power and/or frequency cover), further

preferably combining 3/7 and 4/9. Close approximations to

. "15 these proportionate coordinate sites came first from the
above notional construct.

Interestingly, these same proportionate coordinate
values apply preferentially and beneficially for location
of transducer means in any member of substantially rect-

20 angular shape and capable of vibrational bending wave
action involving resonant modes. Specifically, this inc-
ludes such members not fully satisfying the above aspects
of invention in terms of their dimensional proportions and
corresponding isotropy/ anisotropy; and/or having "bulk"”

25 damping, i.e. limitation of distance of travel at signific-
ant or any energy levels of bending wave vibrations induced
by transducer means due to losses in the material(s) of the
member itself, that, in view of area or some dimension of
that member, results only in low or no vibrational bending

30 wave energy being reflected, even reaching, one or more
edges of the member wherever the transducer means may be
located in that area, thus without significant reflections
from such edges. Whilst such members will not be as effec-
tive as members that are preferentially proportioned as in

P 35 earlier aspects of this invention, whatever potential they

have for operation as loudspeakers is much better realised
by applying the above dimension proportioning criteria to



25 or highest, i.e. in ternms of the resonant nodes taken into ﬁ fgmm
"filling" of what woul d ot herwi se be conbi ned dead-spots. Specifi -
di mension proportions, for a t substantially rectangul ar said nenber mnth
t he above about 5 15% out-of -square aspect ratio, emerge readily from such
further analysis as coordinates for transducer sites at about 3/7, 4/9 and
5/ 13, giving 24 possible sites fromeach corner and ignoring duplications.
For any particular tran- sducer neans, it is preferred that each | ocation
for trans 10 ducer neans use two different ones of these proportional

coordi nates along different |ength sides, whether single transducer neans
or each of pYam97@$s4z r ansducer neans (as can be advant FEEBERYE power and/ or
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determining at least minimum spacings from edges of a sub—-
stantially rectangular said member for mounting of trans-
ducer means, are beyond the teaching of the known prior
art, even as to having arisen by serendipity alone.
Generally, analysis as taught herein leads not only to
20 preferred locations for transducer means, but also to a
further matter/aspect of great practical value, namely,
relative to any particular appropriate location(s) for its
transducer means, capability to identify actual locations
where any selective damping should to be applied to deal
25 with any particular undesired frequency or frequencies. ;"
Regarding true elliptical shapes of said members, main
series of resonant modes associated with major and minor
axes are of elliptical and hyperbolic natures, as noted
above, and preferential locations for transducer means are,
30 for the above-noted 1.182 major/minor axes ratio, at coord-
inate positions relative to centre of about 0.43 and 0.20
along half-major and half-minor axes, respectively. It
will be noted that orthogonal coordinates are not really ¢
appropriate, and it 1is only with appropriate coordinates,
35 specifically elliptical/cylindrical, that values emerge for ¥
transducer locations that are of general application to
other elliptical shapes, i.e. different major/minor axes



26 PCT/ GB96/ 02145 | ocating transducer neans relative to one or nore
corners (or notional corners if subject shortenlng ends of one orfj gnape 206
its diagonals), thus |leading to mnimum spacing from side edges of such
menbers of at | east about 5/13 or 5 38%of its width and | ength di nensi ons.
In practice, quite surprisingly inproved results arise, in terns of
intellig- ible acoustic output, including in rather marginal and quite

| ossy material s/structures, at |east conpared with substantially central
or edge-adjacent nmounting of trans 10 ducer neans. Tol erances nenti oned

| ater appl transducer | ocation appear ca of . further
relaxingP 4 8??@?%5 being inevitably naterlng depeggghgnﬁﬂﬂﬂ?easible
materi al s belng too great fully to iswestigate to date. The criteria

devel oped in these considerations for 15 determning at |east m ni num
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and are further somewhat displaced from diagonals, i.e.
truly asymmetric. Also preferred sites for transducer
means of substantially elliptical shapes of members hereof
are off-centre and off major and minor axes. Moreover,
20 preferred proportionate coordinates are substantially
maintained regardless of isotropy/anisotropy of bending
stiffnesses, directly as Cartesian coordinates for sides of
substantially rectangular said members and indirectly
relative to underlying elliptical/cylindrical coordinates

. 25 for substantially elliptical said members. .
Indeed, it is an aspect of this invention that desig-
nated sites for at least one transducer means be of this
nature, i.e. off-centre by reason of coupling at preferred
combined node positions, and off-axes for both substantial-
30 1ly rectangular and substantially true elliptical shapes of
members hereof, typically off-diagonal by between about 7%
and about 12.5% of length and width from centre-lines, and
by about 20% or more of major axis and about 10% of minor

axis lengths, respectively.

W 35 For super-elliptical shapes, we got intuitively surp-
rising results, in that preferential locations for trans-
ducer means, appear to be much more akin to what was found
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fromapplication of anisotropy of bending stiffness for non-ideal

maj or/ m nor axes ratios (i.e. other than 1.182), and enabl e producing
Cartesian equivalents in each case via trigononetric relationships. 5 As
for substantially rectangul ar nenbers hereof, nore precise analysis, or
experinment, can determ ne possible small adjustnents that nmay
be-beneficial, also other site options for transducer nmeans, including to
concentrate on coupling particular resonance nodes, though efficiency of
10 operation is very much related to each transducer neans coupling to as
many resonaYOMW% as practicable without S adversePEVEBIOH4S |t s noted
t hat above-specified preferred sites_for transducer neans are well
off-centre for rectangular said 15 nbers, including off centre-lines for
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12.5% of | ength &R41%F GREET PEMNPCFNPESK shares £/ Wb BRAFETP®, or nore of
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to what was ‘
15 sgites individually at asymmetric positions off axes or

lines that join points of maximum/minimum dimensions or
directions of defining geometrical parameters, and that may
be in related one or more sets that, in themselves, are in
centre-symmetrical or other orderly arrangement as a group

20 for each set. The above relatively beneficial results from
geometrical location of transducer means as herein for sub-
stantially rectangular shapes are seen as having general
inventive application to panel members not proportioned etc
as preferred herein.

25 When used with one or more transducer means in panel
loudspeakers, preferred said members hereof operative over
their whole areas, i.e. up to edge boundaries as above,
have bending wave vibration well distributed substantially
over such whole areas from the transducer means to the edge

30 Dboundaries. Moreover, resulting acoustic action need not
be directional (as in US 3,347,335 above), but may be for
at least part of such output of loudspeakers, e.g. if des-

ired or required. This areal spread of bending wave vibra- *
tion greatly reduces perceived proximity-dependent loud-
35 speaker loudness effects; and, where not deliberately oper- i

ative with directionality, with perceptibly much better
spread than typically rather narrow and narrowing beam
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of rectangles or true ellipses, specifically as a ring of possibilities a
about 70% of distance fromcentre to boundary. However, as for rectangul ar
shapes, it is noteworthy 5 and an aspect of invention hereof, that
preferred sites for transducer neans are not only plural in nunber, but
are at positions well off major and m nor axes or centre-lines, though
generally nore so, i.e. fromabout 10% (true ellipse mnor axis) to about
35% (for super-ellipse), preferably in 10 prescribed or prescribable
manner. Wi lst there may be conpl ex shapes for which preferred |ocating
sites for trX¥93UMEBr neans maY be otherwise it is .4 PEVCBY2UEpect of this
i nvention, at least for preferred enhodi nments of generally sinple shapes,
to have such possible 15 sites indi@?dually at asymmetric positions off
axes or |inesgebet abovd) 180édY Brédfue ABXSTUM ToRhspUkdLsRBShPREROT directions
of defining d5gAEldd Co-BRIATCLERS 11 ANY IRk oMW1 88 dal, IGleghed one or more
sets”that, in ensel ves, aré 1n_ centre-syimmetrical or othe orderly
arrangenent T YEEHFLEEUeHTHeBadly BERA PR BB FEFOPE R Ragky Ohenef i ¢i al
resukts froma getdwenpber|as| brerei whl lobe tkigtd e poenoneaisthes amgtei n for sub-
stanti al | ysr ghbaeptodletapeschdhg SEL@BnélSelavhtQog@ssdakbrs) Nventi ve
application to panel nenbers not proportioned etc as preferred herein. 25
When used with one or nore transducer means in panel | oudspeakers,
preferred said nmenbers hereof their whole areas, i.e. upto
edge boundari es aReveltirg toHrapsdieedinegnia\sé Sudiv,.abighestaioweds st ri but ed
subst anti al | yangovest quahiwhadfe satimBsrepromdtieont £ads dvaespdarans t 0 t he edge

30 boundanrpe ' [ L o, pesd e directional
(as in USlg, ?{?%@%ﬁd usx@é%'%d&gaaﬁ%ﬁ% &1@82%, 2 pa‘r:{m%fhguch out put of

| oudspeaker s,P1&2g°1q r%@”?%@a‘aﬁ%}/’e?%ﬂ’uf{‘%ﬁ%ﬁﬁg’géﬁ ®2YeE 3PBAd of bendi ng
wayve .'bra- @°r quality performance. Interestingly, in principle, it is
immaterial which of coil or magnet parts move for imparting
bending wave action, though the art of moving coil drivers
' 15 is so well known and developed (for cone loudspeakers) that
various specifically useful/advantageous novel designs to
be described further and illustrated are within the natural
context of developing moving coil types. Detail investig-
ation and development indicates particular merit arising
20 from assuring that size and/or mass criteria are met such
that the moving parts concerned are, on the one hand. In
principle, maximum size is subject to conforming with pre-
ferred mechanical coupling to the member being at least
primarily resistive and with exciting higher and 1lower
25 frequency resonant modes as desired, particularly for audio
usage. Whilst approximations have indicated theoretical
. maximum sizes at about 9% - 10% of length/width and/or
major/minor axes dimensions for rectangular or elliptical/
guper-elliptical shapes of said member, i.e. up to about 1%
30 of operative transverse area, that can be exceeded at least
by such as piezoelectric transducer patch~type transducers,
at least up to 2% (each if plural). A particularly useful

é criterion, in practice, is that, for any particular said
member or panel, there will be a size at which frequency
© 35 roll=-off is caused, basically as corresponding wavelengths

in the panel approach and reach similar order to the size
of transducer. These factors need further to be considered



tion greatly reduces perceived proxi mty-dependent |oud 35 speaker | oudness
effects; and, where not deliberately oper- It ative with directiofdl MaY, 2006
with perceptibly nmuch better spread than typically rather narrow and
narrowi ng beam 0 9 MAY 2006 WO 97/ 09842 PCT/ GB96/ 02145 _ 29 a effect above
| owest frequencies, in |oudspeakers using cone elenents. Moreover,
resulting vibration action can, except. for |owest frequencies, be used
fromboth front and back of a said nenber as there will be little or none
of the anti- 5 phase problens attaching to cone el enment | oudspeakers.
TRANSDUCER MEANS Reverting to transducer neans, as such, highest powers

and best quaWPe%¥® sound reproduction from | oudspeak@CEGCB¥W2145 ¢ - achi eved
usi ng magnet -and-coil drivers; rather than the piezoelectric types so
enminently suited to | ower power and/ 3% or quality perfornance.
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i ndicates partic merit arising romassurin at size and/or nass

criteria are net such that the noving parts concerned are, on the one
hand. In principle, maxi ' onformng with pre- ferred
mechani cal coupl iMgis posbtbleelfibe cobéitignatat edgds oprdai@rmdmbesr£Si Stive and

wi th exciti n&ohémﬁrsmuhmtaﬁictusﬁléeaevi_orﬁ?a?%gﬂpae%. .chtezidr ed,

Pheor ot o =t bk fnc 8RR e Al 0br =5 laglie ' £5 aptframass andi or
maj or / mi nor AX&Wing ARk oRRen A9 SNPRE¥fUl Ve sedettiye| ckanping,
super - el | i pt iocain shapese gleastivk nenbarstraigt ofipupdowhpuforira 80 of
operative LT 8RSMAIAS Aedayd BAl taBLhe EXGaBHEbahotaat. PYuskich as@
pi ezoel ectri %"}" &{ﬁggccgg R&E‘ﬁ@'@é&% t_ransocl)ucefs at | east u‘g to 2% (each
if plural). pér PERIAR YT ef GFL58 FrPR MCSRATIY, LERRAANFRE mepRs ¢ ot ‘or any
parti Cu|a1553§pdsaid.memhers, by reason of compliance etc in or of the
mounting, particularly for moving-coil type electromagnetic
transducers and resilience in mounting its relatively stat-
ionary magnet part(s) to the member (and against which the
moving coil vibrates) as beneficial to lower frequency
20 responses. Whether such sub-fundamental effects are as
variations to effective dimensions, or as additional pist-
onic action, is immaterial to contribution(s) to overall
acoustic action/response.
Reverting to said members, as such, applications are
25 envisaged where, for various reasons, less than the whole .
of the overall transverse.extent thereof is to be, or needs
to be, acoustically operational for purposes embodying this
invention, e.g. where the member overall is substantially
over-sized or out of proportion for desired or practicable
30 adjustment by anisotropy of bending stiffness compared with
desired or acceptably effective acoustic action/output, at
least as a loudspeaker. Conveniently, for full application
of above proportioning and location etc criteria, there can v
then be inboard definition of such desired etc operational
35 area, for example by way of cutting at the boundary of such i
operational area and mounting both parts on some carrier
sheet or panel that will not usually meet the above requir-

I ONS ve i ndi
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caused, basically as correspondi ng wavel engths in the panel appr ath ang
reach simlar order to the size of transducer. These factors need further
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pass considerations for noving parts of trans- ducer neans, including

el ectromagnetic, for which a viable guide is naxim at about 1 - 2 tines
the mass ofthe part of the nenber that is renoved for hol e-nmounting such
active 5 noving part or is covered by surface-nounting sane. Ir. "A OTHER
STRUCTURE ETC EFACTORS It is possible for conditions a?,ﬁ es of said
menbers to S VER*&ub- f undament al acoustic action/ per % fE3345 erg. 10
fromresiliencel/elastic vibration rg#gtive to self-carried framng or to

ot her edge support, even selective clanping, or in a sense reactive to
constrai nt oOémdhtssdawtnofl, obvapattial bacdesag dor dedovmardoandtt yacn i ng freedons

of novement - bohARry CQFPARRES o-edhd-Bhidbabi A Ioses £ BhiRRALLG L ransducer
nmeans 15 to faﬁ: d.merrbersg by rehre]l on ‘?f cong iance etc. I.n or of the S
mounti ng, patdi &R &FI §U¥BRenEY 3’985 ¥y BEC o) SCPPBTHGRART 304  ansducer s
and resiliengtting fRFUSEATRGUFES meRRRICRDe|Of SPuRSe oihepyPeragRbicpart (s) to the
menber (arsd apiad B8t abdvieCho tthe inmevi pera@ibnad Rredes) as beneficial to | ower

frequency 20 reigoofﬁs-1awptﬂa%o§él%eéyﬁ-éawwairﬁ'a%géede,f heglg are as
vari ations toilg)fectlve onal pi.st onj’c action, is

di mensi ons, Or as. addit
imaterial t¥ rﬁaf‘?f)uﬂdor’fﬁ’}ettyo°gv'§?%ﬁr?al%tc‘fﬁ5’s#’Fc“%ﬁf]t it8h/ Bardonse.
Reverting tomemheFsnihisapedingats aog, apphicpeiansont thie im@nghei.saged where,
for various Thes0RS, attelve shumd sberosispl ér 1@hdspddkers O\ealchngd r ansver se.

extent theyeof digel gndfor Bﬁaﬂﬁt?déan R Bfom ARBLS{d1G8! éi%ﬁmsr%é onal for
pur poses enboglé/l n Lon overall is

t hi L nven e. g ere the ne r
subst anti al | g 5 rgg?e}éag%reetgu ot ﬁfob‘b\rf‘\{]"f’%ﬁ Gy ﬁ%"se!'i’@ako?r practicabl e
30 adjgst mentaByEoRNFIMULERS: IM-BBh \tRgavdich f Aekld ngopfartddesiath desired or
accep®™abl y ewakctpanel s,c@ndthighaclamnoptipliic, addresksespditens atd;oudspeaker.
Conveni ent | y¢ofgdnelhl | stRBb | &t k@Fround sound systems, home-movie,

15 and hi-fi quality sound reproduction; even to such large
scale applications as cinema screens and high power for
outdoor or stadium concerts, including use of multiple
side-by-side modules for largest applications. Also, there
will be further specific guidance for selection from a wide

20 variety of materials, including for actual or effectively
multiple-ply structures, particularly for appropriately
matching skins or facing sheets and cores of preferred
sandwich structures, including as to core shear require-
ments particularly affecting propagation losses for bending

25 wave vibration, so that shear values may be to some extent
dependent on sizes of said members for particular acoustic
devices. However, at least minimum structural requirements
of members for the above range of applications also range
from lower to higher structural strength/integrity and/or

30 bending stiffness, typically for lower to higher power of
driving or exciting transducer means. At the lower part of
such range, bending wave propagation can be quite lossy,

# even single sheets used rather than otherwise preferred

sandwich structures. Generally, tolerances for the above-

v 35 developed dimensional proportioning and transducer location

criteria will be quite tight for high performance said
members, say up to about 3% off for proportioning and up to



of above proportioning and | ocation etc criteria, there can then be

i nboard definition of such desired etc operational 35 area, for ex&rplMe\by (06
way of cutting at the boundary of such operational area and nounting both
parts on sonme carrier sheet or panel that will not usually neet the above
requir 0 ;y 11 AY 2006 WD 97/09842. PCT/ (B96/ 02145 31 enents hereof, or
partial cutting or deformation at such boundary, or ribbing or add-on
danping or stiffening mater 110 ial at or outside such boundary, etc.
Proportioning and a siting for transducer neans can, of course, then be
applic- 5 able as above to the inner operational area. As will l|ater be
nmore speci fiWVapP182ndi cated, a very wi de range and vEFVEBYOYM material s
can be used for said nenbers in enbodiments and applications of this
invention. Thus, as active' sound sodfces, or |oudspeakers, the range 10 in

size and/or qUald sy 6AN 1B {JAURL I E58Iei8n] G hio WionetiCRagtS T eelingS
I n ba 00k

SUdi o coi [T HE B 8% FRE08 S8 BPFe SRAPEIAREY PGh{ANEE 1SPHAM | o address
systens etc; lover perEPrManse cvadd mempesarr ound sound systens, hone-novie, 15
and hi-fi qualitwhiostdaddietslCt e@ivenei@ialt QosUdteqddge 0a8e applications
as_Ci nem $ChEENRran el AMChal We11 Gl dOGH An SAJIWISRREST! S
i ncludi ng use o {nﬁ£4|ale Ll e-bx;slé% nodglgf foE | argest applications.
Al so, there g\ﬂf?‘f H& FPFREI ERREIOF i T Su‘?ﬂ? cE FHEPEE SRR 8f*F rom a wi de 20
vari ety of népErpighesti aealidyngnd oridget ubirewPney f@gpgchandladi tipl e-ply
structures, pashicombiring ddiitapwaloplsiwhet Vactiod dEoirngpmekpaiples) f aci ng sheets
oqui re. renferacte LEiLs E ARG SR LUTLE S Reph il ol ditadeedsol 0 G ng. 25
wa\cje vi brg‘F i Sﬁ‘}’g%efﬁ%\tt%éﬁ)éﬁve{}ﬁ*%eg%}g? ’%@g?]babgé’n’g%?’é?ﬂ““@épende%t on
si zes of sai dapgerbeans beohapdyed dy| ar stedlestenel efkepents. rangheyer, at | east
m ni mum st r uEiruk abp r e uavoarendeHf sagmapsst fsoHzt A€ aboye dnapge of
appli cati ons 1ksfed, ABPAn EAUTE! HQEKAD, BYENGEKES T gk S REQIL IV @egrity
and/or 30 bgndin %é ffgpss typi c Ilg' or.lower to |9ﬁer gomer of
driving or e (?l"?f%'gi ‘f%nsdﬁ'gg? ‘%/Fgegﬁg%n NETBHPICE W EFRIREr PEH2PO% ch AP
bendi ng wh¥e theoiPHGaE iK9ORAMT Bede)fiFequenphes, Certainly, operating
acoustic bandwidths in excess of 4KHz are readily achieved.
In these connections, perhaps particularly for single
member or panel loudspeakers, varicus options are available
in terms of design etec, including setting the coincidence
20 frequency above or below, or medially within, or at low or
high ends of and assisting in defining actual suitable ope-
rating frequency ranges; and using electronic circuitry for
selectively adjusting relative values of input audio elect-
rical signals to be converted to sound etc, generally more
25 simple than for hitherto conventional cone-slement loud-
speakers say resistive-~inductive application of only about
3db of selective variation and/or capacitive raising of
high frequencies. This will not, of course, be accompanied
by the sort of "boxy" effects of related enclosures and
30 baffling. Also, whilst sound output rearwardly of members
hereof used as loudspeaker panels is not of inherently
anti-phase nature requiring elimination, shallow rearward
absorption/baffling provisions can be advantageous for
loudspeaker units to be mounted directly against or closely
35 adjacent solid/sound reflective surfaces. i
Each particular design of member hereof for use in a
loudspeaker will require inter—~active decisions, usually



even single sheets used rather than otherw se preferred sandw ch AR 006
structures. Cenerally, tolerances for the above 35 devel oped dinengiohgf
proportioning and transducer location criteria will be quite tight for

hi gh performance said nenbers, say up to about 3% off for proportioning
and up to 09 MAY 2006 WD 97/09842 32 PCT/ (B96/ 02145 about 5% of f for
transducer | ocation, but much higher, say up to 5% and 10% or nore,
respectively for higher loss and |ower perfornmance said nenbers. Wil st
addi ti onal conventional |ow frequency | oud- speakers, or woofers, may well

be used wt eI enments 5 hereof, and conbinatio h panel
el enent s canhwge Ue2d for hi ghest quality and w dest P?Té‘g‘fﬁé’ﬁzlc’?f ranges

handl ed, even conbining additional pjstonic action for sonme panel (s)
hereof, it is a particular feature, aspect and advantage of 10 enbodi nents
this i nventi anvéhangacomprmnkadd yreghddidgr @fyency anhangpexatnoh&l handl ed by a

singl e panel skﬁmra&s a@n%mrfememyp treusab%adwiﬂﬂf%s t S0Hz if
| ar gé& and/ or Xges hi gher. The
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excess of 5Kbimewslonesakickyt@ckttimdlovdst thesdesdinyevave freqper haps
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frequency abov gh ends of
and assi sti ndbeHF &@FPnFWkﬁﬁfﬂjé’Pvé’Eﬁ tpéﬁFbc‘Bﬁ‘élY r%ﬁlieﬂgn‘f ef&aekty ranges; and
usi ng el ectr onikendiing wave \stiffnesse| Soid \rehgingljrave istyffrelsaies)e val ues of

i nput audi® @heGiasspexblinit goed 3156 coReritRBY £rtheBudld s§editdredtc, generally
more 25 sinple §{0aRef Ok Mo tfhésav@ GRREAL! QliBhg GG BLETRY, Said- Speakers

say resistive-i nductﬁgve a éCa 10N O sel ective
e

vari a’on an§EBPr e fa iR (0 176 B aﬁgg‘llfyf’f’%‘lf&@ﬁc‘l'aé@s)ﬂﬂ s will not,
of coM se, bé&hacrenbeani ¢ Igtting She tacshal woiytidenicecfsequency) at ed
encl osures amflth core shear modulus (G) and core thickness (d) contrib-
15 uting to said ratio along with said of mass per unit area
(#) being particularly influential as the actual coincid-~
ence frequency is always greater than results from much
simpler notional calculation assuming no core shear thus no
account taken of said ratio. Lowering or raising the coin-
20 cidence frequency can be by raising or lowering said ratio.
Regarding core shear modulus (G), it is, in itself, a
significant design factor that needs to be enough to hold
the skins apart sufficiently rigidly'for desired bending
wave action. Relatively lower and higher values result in
25 greater and lesser, respectively, transmission of energy
applied by the transducer means in core shear waves rather
than desired skin bending waves. Such shear waves do not
radiate sound, and nett acoustic result of lower core shear
modulus values is that the effective sound radiating areas
30 of the members tends to reduce with frequency, though still
substantially larger than any parallel with conventional
cone-element tweeters resembling a highly directional point
& source. The underlying effect of shear causing fall-off of
vibrational efficiency of operation with frequency can be-
v 35 used to advantage for piezoelectric transducer means as
particularly suited to card or book, even notice-board,
embodiments typically of the order of about A5 to about A4,
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conprom ses regardi ng physical and operational paraneters and

requi renents. Thus, bending stiffness(es) and mass per_unit area
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_ In applying these factors to practical loudspeaker etc
design, i.e. using available actual materials and values of
their relevant parameters, satisfactory lightweight core
materials will generally be of expanded foamed synthetic
20 plastics materials or of honeycomb or other open-work form

fabricated from sheet materials, see further later.

Such structures give rise to further factors involving
skin and core properties, both alone and in conjunction
with each other and/or with size and mass of active parts

25 of transducer means, including the possibilities of further
resonances .such as .affected by core compliance along with
skin and/or transducer part mass(es), specifically
resonances from size/volume of core cells and/or from
compliant core compression/recovery and/ or from skin

30 portions overlying open core cells potentially with tiny
drum-like subsidiary vibration effects, etc. Such further
resonances can be useful, i.e.. be positive factors in
materials selection/specification, by contributing to, even
extending, actual operating frequency range, usually at the

35 higher end, typically approaching or above 20KhZ, say 19Khz H
- 22KHz. 1If those further resonances would not be useful,
even be deleterious, to performance, that can be taken into




30 of the nenbers tends to reduce with frequency, though still 0 NAY 2006
substantially larger than any parallel wth conventional cone-elene

tweeters resenbling a highly directional point source. The underlylng
effect of shear causing fall-off of vibrational efficiency of operation

wi th frequency can be 35 used to advantage for piezoelectric transducer
means as particularly suited to card or book, even notice-board,

enbodi ments typically of the order of about A5 to about A4, 0 9 MAY 2006 WO
97/ 09842 PCT/ GB96/ 02145 _ 34 event. to Al, sizes preferably with

coi nci dence frequ uency as high as 20KHZ or more and ogg gtln frequency
range goi ng VPP het ween about 200Hz and 350Hz up to H #hz or so,

and rel ated | owest resonant nodes copgerned at about 100Hz 5 to about
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structures ¢

iyve rise o, er _factor |nvo
properties, HSE Léﬂ ofie g'ta'ﬁg c%lrlf’a1 tﬁs POt iﬁ?gﬁ%h "Eﬁ%éf éﬂﬁ/ or with size
and s- of MFW%&F?%(@S ’t)‘?"lt’ilia‘f?séﬁuc,t@rc‘i?@éhéncq AE MPuPRERS A

possi Ul | iti esleabtf activer movbspngentds) stitdreof aso atf entedndmpeesdre conpli ance
al ong -wi th lebpe aRd/ 86 nb&ﬁ&‘ﬁ%&@freﬂ@ﬂ% f%ésﬂe%%)mmw fdgigkly resonances
I:{)(r)rpr esg?é}r{.ﬂi&gﬁﬁgéh CO;.Cﬁn %eicfscive mﬁ(ﬁh«anfcarl1 couprmng c.'>nft transeducer

part(s) to such members, and as to output power desiderata
thus input power and forces applied by moving part(s) of
transducer means being desirably consistent with buckling
etc characteristics/resistance of core materials.

20 Generally, from the above, relevant factors inc¢luding
materials parameters available and required can be matched
to extents resulting in achieving the afore-mentioned rem-
arkably wide range of satisfactory loudspeakers and other
acoustic devices, the scope for doing so relative to var-

25 ious materials parameters individually and in combinations
and need to balance conflicting effects by now being self-
evident.

Use of said members hereof with associated transducer
means as microphones is, of course, feasible. Then, it is

30 particularly preferred that multiple transducer means be
used, preferably to get the best possible sampling of poss-
ible active resonant modes, say where appropriate, with
transducer means at least one of each of progressively out-
ward different ones of preferential locations. The reverse

’ 35 or inverse action compared with loudspeakers hereof can

produce signals capable of intelligible reproduction and/or
ready meaningful input to data processing machines. More-



30 portions overlying open core cells potentially with tiny drum]i v
subsidiary vibration effects, etc. Such further resonances can b 'u§é$ 12006
i.e. be positive factors in materials selection/specification, by
contributing to, even extending, actual operating frequency range, usually
at the 35 higher end, typically approaching or above 20KhZ, say 19Khz -
22KHz. |f those further resonances would not be useful, even be

del eterious, to performance, that can be taken into IQ 0 0 0 9 MAY 2006 WD
97/ 09842 PCT/ GB96/ 02145 35 account for avoidance in selection etc of
materials. Desired or effectlvely required sizes and shapes are obvious
desi gn fact oW@I"EH¥ bring in anisotropy, as to which PCT/GB%(R214e ¢ el evant
that at | east sonme of available 5 honeyconb have, certainly can have,

di fferent shear moduli in different3%irections. Possibilities obviously

arise as $OCOERAALL QN o@fcoﬂﬁ%m?ﬁ{gstﬁk"cfu%ﬂfadd@womsEra’iﬂ%ﬁ& dr def | panel s

and as to de?l ni ng oger anlml Qn ar.ea ni ng
ne

material as et BvE. PORSTr & s‘looqerﬁg ’égtc““’ofa tl?léc}fé’&ﬁ%‘,%’? neans,* even
viability efhettddrepyadssor GSngadr PF‘?VrhsﬂP?lg°’éh5‘H§élthéPwatil%# are further
key consi dei«tt oonés)claddioigudr g casisg. conpl i ance of nounting at | east

active nmoy ng pakhedert h.%rg%%iﬂgo Qank@ Q@ rBHRGE S tw@eﬁ&oecrcuf@rto nor ral

requirement {or_ predo reactive

mechani cal c&¥15 1Y F?nr é“%n%iuoé’g? ngf"?%%)pl 6°eslﬁgﬁr£@rr5%$§le%d as to out put
power desi deF@maélne %ms«fithpme%émrreéﬁaen@r G@sw’aiiblllseéfiﬁﬂtﬁﬁﬂmg part(s) of
transducer neemtSinbetitn desiongbésgtabdishest pndctdickhfdxiekhé-+red emeitc

characteri st h&ﬁsﬁae&&tsawe«@fotcaemaa&@u Absns %Qlﬁée@@;;@d/'bxnaéd om the above,
rel evant factors inc| araneters | e_and required can

| I's
be matched [d%e Fén?&qngsuﬁl rﬁg 'lnanssag ma{ﬂnﬁ% ‘P?laé’saiaiﬁc’ “REAtTned rem
arkably wi de ¥§|’?@é“"(‘ﬂbe§at“'ii§¥‘état56i"99 IrGGEFs%’éﬁk’é? aliernadimeraseboustic ..
devi ces, themgciggemagnetdoenys sther ekat tatdob opumaose?Shemmos. markes i al s .

paraneters i pebauddaddnfeadcdsN of O MathANSf mechanical coupling

to panel-like members hereof, exciting bending waves rather

15 than for pistonic action to reciprocate a cone element, . .
have also been alluded to, particularly at least being
predominantly mechanically resistive rather than reactive
nature thereof, thus inherently more efficient. It is the
case that light moving magnets and relatively heavy elec-

20 tric coils would be more reactive and less efficient, but
nonetheless viable. Corresponding consequential differ-
ences become reflected in novel parts and their inter-
relationships, including by reason of inherent capability
for mounting intendedly stationary as well as moving parts

25 to members hereof, rather than stationary magnet parts to
fixed frames, though that can be-done for members hereof if
desired or preferred or even required to get additional
pistonic action at lowest frequencies. Moreover, a
radically fresh approach has been found to be notably

30 capable of satisfactory and beneficial operation, namely by
way of we call "inertial" contribution to inducing at least
bending wave vibration.

S0, in addition to aspects of invention arising from *
novel transducer parts) inter-relationships of parts, and

35 mounting thereof, whether at and to surfaces or in wells or #
even through-apertures at and to sides thereof, another
transducer means aspect of this invention concerns addition



and need to bal ance conflicting effects by now being sel f- evident.Gs&Asf 2008
sai d nenbers hereof with associated transducer neans as m crophones is, of
course, feasible. Then, it is 30 particularly preferred that nmultiple
transducer neans be used, preferably to get the best possible sanpling of
poss- ible active resonant nodes, say where appropriate, wth transducer
nmeans at | east one of each of progressively out- ward different ones of
preferential |ocations. The reverse 35 or inverse action conpared with

| oudspeakers hereof can produce signals capable of .intelligible

r eproducti on ready neaningful input to data p ing machi nes.
More (3 9 Ndvggwﬁﬁ WD 97/ 09842 PCT/ GB96/ 02145 _ 36 ové?ﬁgﬁi%%%irity of
conbi ni ng through additional transduger neans “on a nenber hereof also
operating as a | oudspeaker has advantages, as has provision or further
conbi nati on twﬁ$ﬂbretléﬁnychafkhgngan(ga 6fStdagsdrelfUnédrar of egaredi NQg

Ly ansavCer  TRONS, (AR WiSUl Shen MASELIPLE DEPRBBLIOARSANATEY
effectively &Br# ﬁ‘b%ﬂ Pﬁﬁtsof‘n?‘%ﬁgyé?t“m%‘f‘{]§ﬁe“&f ?’é%thleﬁec’é g?y%cflne el enent
| oudspeaker s obyoukg}afsuFBvidig il Retms speintgipieredtbomdetTo -on, say
acting agas nablyess oof adpgest cdgassthaireef cer brealijabynt edgaendfer, with

passi ng refeggnce otroaﬁéfﬁrr@é‘tid’%eHﬁ@rsoilerémele'& nRyaeiadTRAGS 1t he excitation
purposes hereof . The nences of of fmschanl cal

e ature
coupling to Bﬁﬁéﬂrﬁ’??té'nﬁe’ﬁ%grsuc e‘r'eed‘fg °% Be’ftura bgn Hh g R&¥es rather 15
than for pisesabyy a‘é‘tqhor?PP6°?’€ét?)rSé%ﬁré“‘&ecéﬁ‘ﬂ%eéPerrEﬁ’ftlcu%’?ﬂé’ al so been
al l uded to, pavéntagkausly mpudtedsto Beimsgand ertondiinanmity aeebarfi cal | y
resistive;§ ahgferdddan @astdd/ SandiabhsRri Qe fsort MitbekHhREESE | y nOre
efficient. It is the <case that |ight noving magnets and rel atively heavy
elec 20 tric coils would be mor e reactlve and | ess efficient, but
nonet @l ess vi abl e. 5 e REELON O e f fer- ences becone
reflefted in nov@iarpamlsrarddeﬁemndl akaicartabrwt iembgdingsts i wclludi ng by
reason of inhgyed aeadabeliinymofOlefMUNt hdtG btapdadbyarhatimnary as wel |

as @ ng, pars; 23,09 MPERRGS-RNIEL erk AdiRbed BT RAH G A mONCL par ts

reference to the accompanying drawings.

Generally panel-like members embodying above concepts
and aspects of this invention concerning areal distribution
of bending wave vibration and, at least effectively, rela-

20 ted natural resonant modes will be referred to variously as
"distributed mode resonators” or "distributed mode reson-
ating panels" or "distributed mode loudspeakers" or "DML"
or "multi-mode resonating panel".

Also, the word "resonate" is used, as a descriptive

. 25 and semantically accurate convenient short-hand term for
such desired or acceptably achievable areally distributed
and orderly natural resonant mode related bending wave

vibration, involving the positive and deliberate encour-
agement by design of such resonance-based vibration; and is
30 not to be confused with other usages of that word in other
connections where any vibration is considered inherently
problematic (and, perhaps, as often as not actually related
to inaccuracies and/or wear of cooperating parts !).
In the drawings :-
& 35 Figure 1 is an outline view of a distributed mode
loudspeaker:;
Figure 2a is a partial section of Figure 1 on the line



fixed frames, though that can be done for nenbers hereof if desired or
preferred or even required to get additional pistonic action at | dWestiAY 2006
frequencies. Mdreover, a radically fresh approach has been found to be

not ably 30 capabl e of satisfactory and beneficial operation, namely by way
of we call "inertial" contribution to inducing at |east bending wave
vibration. So, in addition to aspects of invention arising from novel
transducer parts, inter-relationships of parts, and 35 nounting thereof,
whet her at and to surfaces or in wells or even through-apertures at and to

si des thereo her transducer neans aspect of thi tjon concerns
addi ti on &%%898;209842 PCT/ GB96/ 02145 37 to operatiP\%403%ﬁg\’% ng part(s)

of transducer neans of nore mass, iRgluding where such addition is
substantially nedia 1.J Ily of such parts actually nounted to nenbers

her eof beyond a ®a eutside such additional nmass, say peripherally, prefer
5 ably at or adj aggite €305 ahNGN8REedlrOis-AdL AL En SOlGBSa Qi st el | s or
apertures in rrerrbe,r]:’%1 (kalc(;reo(afa :¥\4c1t1ht§9'oclf %gglgzlnanalllownn%%sp,fru(y egél ng int'o such
wel I's or apertures, it fher pref—erdbly-with appropri at e ¢l &rance
therein, particulad yhowiadgattagdbeiarivd repetructiskfhs and extending jnto
cores of 19 pref erigade | Zarindi exkesapdefierhed t traobduee flocatenhyey s her eof .

BRI EF DESCRI PTI ON:f2F 2 DRAMENGS sy t i ddehAguideVhiferand appl i cations
enbodi nents w || [ j [ of exanpl e

) descrihed jin re detail ot h by way
o 15 s 1 eadi i BERE AR S Feel 8 EBE SpbtaBe s POV BNT 20 lE it
reference to the Eidewbandi sitpedraldimiscalceaseti:l y panel -1i ke nenbers
enbodyi ng above chmigoeptxl fanc asppoaditeodhadpkd spanelent i on concerni ng ar eal

di stributign of pDeAding wews avaDEalineledidae Aloukepsixel fectively, rela 20

ted natural resonant n de§sva\ln Iér b%c fer{ed fo varlo §I a3 c'l'di stributed

node resonators" or vdistri ButEFPbae o EsohSt &P gerp:aén% EPuERd i st ri but ed

node | oudspeaker sMo%§r LoygHpeakesy "nylti- node resonating panel ". ’
Figure 5b 1is a partial cross-sectional view of the

loudspeaker of Figure 4a; )
15 .Figure 6a is a perspective view of another distrib- .
uted mode loudspeaker;
Figure 6b is a partial cross-sectional view of the
loudspeaker of Figure 54;
Figure 7a 1is a front view of a distributed-mode
20 loudspeaker;
Figure 7b is a side view of the distributed-mode
loudspeaker of Figure 7a;
Figure 7¢ is a rear view of the loudspeaker of Figure
7a;
25 Figure 8 shows a distributed-mode loudspeaker
Figure 9 is a sectional side view of a first electro-
magnetic transducer;

Figure 10 is a sectional side view of a second elect-
romagnetic transducer;

30 Figure 11a is a sectional side view of a third elect-
romagnetic transducer;
Figure 11b is a sectional side view of a fourth elect-
romagnetic transducer; ®
Figure 11c is a sectional side view of a fifth elect-

35 romagnetic transducer; ’
Figure 12 is a sectional side view of a sixth elect-
romagnetic transducer;



Al so, the word "resonate" is used, as a descriptive 25 and semant i cal
accurate convenient short-hand termfor such desired or acceptabl 9 MAS 2005
achievabl e areally distributed and orderly natural resonant node rel ated
bendi ng wave vibration, involving the positive and deliberate encour-
agenent by design of such resonance-based vibration; and is 30 not to be
confused with other usages of that word in other connections where any
vibration is considered inherently problematic (and, perhaps, as often as
not actually related to inaccuracies and/or wear of cooperating parts 1).
In the drawings. : 35 Figure 1 is an outline view of a_di ' ed node

| oudspeaker; aﬁ? 2a is a partial section of Figure ghéh& ﬁg}line 0 u MAY
2006 WO 97/09842 PCT/ GB96/ 02145 38 AgA ; Figure 2b is an enlarged
cross-section through a dist- rlbutea node radi ator of the kind shown in
Figure 2a and shpiduirg i3vahakd ar faistveieanabetcid ansnsdmicBrgure 3a indi cates

preferred transd%fg[urhomtghemg soldia BiSihsbanticatindaaebangul ar panel
Fi gur'es 3b and 3g tru Qtlcal and

a
super-el l'iptical gr’f‘élesy\g I"—si?’ i & §H1 “E)Plaz“&ﬁ%‘&’sﬁ gr‘%’hsauc panel ; 10 Figure
4 shews a distri bﬁ%wﬁn%ﬁjéhP‘tﬁstﬁ‘e’éﬂl’éF eleptERpagnghig §raniﬂé’r°§|5éct| ve vi ew of
anot her di stri but BtgureDtie shousspetker eléciyomegiiricsteansdntesl
CrOSS-Ste_Cti onal be r@f%é hﬁnowéQ;Jd§§)ﬁ€l|ﬁﬁfe@-fmogégllwuasﬁe£aerl5 Fngure ngl s a
perspective view ano r ri e Ejgure is a
partial cr oss-secF “rfﬁ Cllegew ot plIl'd tg‘soqga ergg&%g’gg?%& a Figure 7a is
a front view of aStI™Ei but ed- nnde 20 Ioudspeaker, Figure 7b is a side
vi ew of the distrFbytred-2ded Jlostispeakeatiohsfi gure 7a; Figure 7c is a rear

view of theg | oudspegh@r 29fisFh Glilafram of an embodiment of distribut-
ed mode combination loudspeaker microphone;

Figure 23 is an outline view of a distributed-mode
. microphone;

Figure 24 shows crystalline disc type piezoelectric
. 15 transducer;

Figure 25a is a perspective outline view of a room
" incorporating a suspended ceiling;

Figure 25h is a cross-sectioned side view of a distr-

ibuted mode loudspeaker in the form of a ceiling tile;
20 Figure 27 is a perspective outline view of a visual

display unit;

Figure 28 is a partial cross-sectional view, through

the loudspeaker of Figure 22;

Figure 29 is a perspective view of a lap-top computer;
25 Figure 30 is a partial cross-sectional view of a

detail of Figure 29; '

Figure 31 is a perspective view of a first portable

compact disc player in a storage position;

Figure 32 is a perspective view of the player of
30 Figure 31 in a use position;

Figure 33 is a scrap view of part of the player of

Figures 31 and 32;
Figure 34 is a perspective view of a second embodiment
of portable compact disc player;
* 35 Figure 35 is a scrap view of part of the player of
Figure 34;
Figure 36 is a perspective view of the passenger cabin



7a; 25 Figure 8 shows a distributed-node | oudspeaker Figure 9 is a
sectional side view of a first electro- magnetic transducer; Flgur@glﬂAYsﬂwﬁ
sectional side view of a second el ect- romagnetic transducer, 30 Figure 1lla
is a sectional side view of a third elect- romagnetic transducer; Figure
11b is a sectional side view of a fourth elect- romagnetic transducer;
Figure 11 Qis a sectional side viewof a fifth elect- 35 ronmagnetic
transducer; Figure 12 is a sectional side view of a sixth elect- ronagnetic
transducer; a WD 97/09842 PCT/ GB96/ 02145 39 (1) c4 Figure 13 shows a
first piezoelectric transducer; Figure 14 shows a second piezoelectric
transducer; WPPYW42 15 shows a third piezoelectric trBEEEREBN4S Figure 16
shows a further electronmagnetic transducer; 5 Figure 17 shows anot her
electronagnetic transducer' Fi gure 1% shows a distri but ed- node

| oudspeaker; ﬁgm%gc§@oms appllcatlon of drive/excitation signals;

Fi gures 20 and 21 S riations; %ﬁ ﬁﬁg re 2% S .a dlagr%n1of an

enbodi nent of dlé?FPﬂ%t- eﬁsnﬁd@aEB POt aCEh e aREY Ricrophone: «
Figure 23 is an dcetpihefvFEawsef 3& di stri but ed- nnde m crophone; Figure 24
shows crystallinegiduse Isype Ppipezepdcivei viewlbs t4 Prsobicart; alitgure 25k, is a
perspecti ve outlhﬁglyéqﬂbgf a roon1 |ncorporat|ng a suspended celllnd

Figure 2511 is a cros side v of a distr- jbuyted node
| oudspeaker in tHe9 Ffﬁr% o*s %&ﬁSPF?@fve Y%?w i OF o SledhbnslHESS

Figure 40 is a partial cross-sectlonal view of a
detail from Figure 6;
Figure 41 is a perspective view of an automobile;

10 Figure 42 is a partial cross-section view of a detail
from Figure 41;
Figure 43 is a perspective diagram of a keyboard elec-
tronic instrument;

Figure 44 is a plan view of the underside of the inst-
15 rument of Figure 3;

Figure 45 is a partial cross-sectional view of the

instrument of Figures 3 and 4;

Figure 46 is a perspective view of a second musical

instrument;.

20 Figure 47 is a perspective view of a vending machine;
Figure 48 is a partial cross—-sectional view of a
detail of the vending machine of Figure 3;
Figure 49 is a perspective diagram of a modified form
of vending machine;

25 Figure 50 is a perspective diagram of a first notice-~-

board;

Figure 51 is a perspective view of a second notice-

board;
Figure 52 is a partial cross-sectional view of the
30 noticeboards shown in Figures 50 and 51;
Figure 53 is a perspective diagram of packaging;
Figure 54 is an outline perspective view of a greet-
ings card embodiment of this present invention; ¥
Figure 55 is a perspective outline view a projection
35 screen; ¥
Figure 56 is a partial view of a detail of the screen
of Figure 55;



20 Figure 27 is a perspective outline view of a visual display unigg may 2006
Figure 28 is a partial cross-sectional view, through the |oudspeaker of )
Figure 22; Figure 29 is a perspective view of a | ap-top conputer; 25
Figure 30 is a partial cross-sectional view of a detail of Figure 29;
Figure 31 is a perspective view of a first portable conpact disc player in
a storage position; Figure 32 is a perspective view of the player of 30
Figure 31 in a use position; Figure 33 is a scrap view of part of the
pl ayer of Figures 31 and 32; Figure 34 is a perspective view of a second
enbodi ment of portable conpact disc player; 35 Figure 35 is a scrap view
of part of tW8'PP8Yer of Figure 34, Figure 36 is a peFYRREYE view of the
passenger cabin 0 9 MAY 2006 WD 97/09842 PCT/ GB96/ 02145 40 of a vehicle;
Figure 37 is a partial cross-sectional® view of a detail of Figure 36;
Figure 38 is a peiigRestsves Vi eivaffviewPbt Of b sibo@poradiingecspor; Figure 39
i's a perspective yiew.qf an. aufo ?J.E&eg(gg[; Figure 40 is a parti al
cross8-secti onal \Pl,(e)g/ o@og_ d%t ai(?io rl m Fi glure 6; Fi gur}? 41 i s a perspective
vi ew of an aut omSBPPES 3P0l FRRAFEPASEIVE ‘éﬁeg’a? Paf OHSBERR YL PRI view of a
detail from Fi gueabed wikhprdge gBptténg; per spective di agram of a keyboard
el ec- trong ¢ i nstrigaentsdafi,@Yae a4d diaghany acnedranadicithei vgneler si de of the
inst- 15 rument qf Bl Qh@wRied bOMR145 IS a partial cross-sectional view of
the instrunent oan FI %urﬁ an&i 4i: I':idgure 46 is a_per spective view of a
second rrusi Ca| Iﬁ'gP'F ﬁ,,. 2,8 are agrams concerning passive
egualisation;
Figures 613,h,c show curved diffusing and focussing
10 panel loudspeakers hereof and their use in a room;
Figure 62 is an outline plan view of a five channel
" home movie system room using some panel loudspeakers;
Figure 63 is an outline inside view of a room with
voicing by passive panels hereof;
‘ 15 Figure 64 is a perspective view of a passive panel
hereof as a mounting base for an audio unit;
Figure 65 is a perspective view of passive panels
hereof as an enclosure for a conventional loudspeaker;
Figures 66a,h are perspective and scrap section views
20 of a pianq with a passive panel hereof as a sounding
board, and
Figure 67a,b are outline plan and enlarged scrap

sectional views for making loudspeakere hereof.

&



20 Figure 47 is a perspective view of a vending machi ne; Figure -
partigl cross-sectPonaI view of a detail of the vendi ng machi ne gﬁﬂﬁﬁﬁﬁégoﬁ
3; Figure 49 is a perspective diagramof a nodified form of vending
machine; 25 Figure 50 is a perspective diagramof a first notice- board;
Figure 51 is a perspective view of a second notice- board; Figure 52 is a
partial cross-sectional view of the 30 noticeboards shown in Figures 50
and 51; Figure 53 is a perspective diagram of packaging; Figure 54 is an
outline perspective view of a greet- ings card enbodi ment of this present

I nvention; Figure 55 is a perspective outline view a projection 35

screen; FiguV@%¥842s 3 partial view of a detail of thePCIEBeORI45 of Fi gure

55; 0O .- 0 9 MAY 2006 WD 97/09842 PCT/ GB96/ 02145 40a Figure 57 is a

pl an view of a room i ncorporating t hé! proj ection screen of Figure 55;

S g, 55y IRy sboslhed, g Wspeaki sbane e TRRBEC 1 11 00

(S:i :’)E:L: ?g for sg?'ﬁ%ﬁ’?’ bgth%wﬂ Er(%te‘lf?r{)cle? &F%u?seesd Gf%él, %—“ﬁ‘-@%éﬁ%l agr ans
concer ni ng p&%@ﬁkﬁ? parts, particularly for resonant panels (2),
transducers (9), edge support frames (1) and intermediates

5 (3) etc.
BE FOR N THE EN N

Referring to Figure 1 of the drawings, 'a panel-form
loudspeaker (81) comprises a rectangular frame (1) carrying
a resilient suspension (3) round its inner periphery which

10 supports a distributed mode sound radiating panel (2)
formed structurally and configured as variously developed
above. A transducer (9), e.g. as described later with
reference to Figures 9 - 17, is mounted wholly and excl-
usively on or in the panel (2) at a predetermined location

15 defined by dimensions x and y. The latter are, of course
the proportionate side length coordinates (from any corner)
as indicated above. Conversion to being centre~related
coordinates could be of general value, e.g. where corners
of the panel member (2) are trimmed or cropped or finished

20 short as made, see dashed (2d) and above regarding ref-
inement of acoustic action/performance. Alternative, or
combiningly and cooperatingly, effectively analogous such
refinement by prescribing diagonal bending stiffness is
also indicated diagrammatically, see arrows (V, W).

25 The transducer (9) serves to launch or excite bending
waves in the panel to cause the panel to resonate and rad-
iate an acoustic output; and is shown driven by a signal
amplifier (10), e.g. an audio amplifier, connected to the
transducer by lead conductors (28). Amplifier loading and

30 power requirements can be similar to conventional cone type
speakers, sensitivity being of the order of 86 - 884dB/watt
under room loaded conditions. Amplifier load impedance is
largely resistive at 6 ohms, and power handling 20-80 w

watts. Where the panel core and/or skins are of metal,
35 they may serve as a heat sink for the transducer, say to

v



equal i sation; Figures 6la,1,1,-gq show curved diffusing and focusmong
| oudspeakers hereof and their use in a room Figure 62 is an outline p1 aih’
view of a five channel hone novie systemroom using sonme panel

| oudspeakers; Figure 63 is an outline inside view of a roomwth voicing
by passive panels hereof; Figure 64 is a perspective view of a passive
panel hereof as a nounting base for an audio unit; Figure 65 is a
perspective view of passive panels hereof as an enclosure for a
conventional |oudspeaker; Figures 66D-,2 are perspective and scrap section
views of a th a passive panel hereof as a so hboard, and

Fi gure 67a, h‘wz)i?,g) Oly.lvlﬂ ine plan and enl arged scrap sec ?’gn@%”\& Sews for

maki ng | oudspeakere hereof. |) 9 Mjy ?006 WO 97/09842 PCT/ GB96/ 02145 _ 41
. Throughout the. drawings, to aid correlation and under- standing, the sane
ref erences aremavectedtorfrbunctvooraldogl &f rdhkatrgaauger,panti tusarly for
resogant panggsr O(Vg) owele! BASAYgers (9), edge support franes (1) and

i nt er medi at es 5 nl%sg lngE g{ CARRYI G Ul TH v | NVENTI ON
Referring to Fig & Pawlen s . HB’rC% o1 od slpoenasker (81)
conpei ses a F’é’éﬂ“ﬁﬁgtﬂ%@?‘?%ﬂ?@kfﬁ)(aéhrOrfth‘{:}’realr e PPEN22sBRPENS| on ( 3)
round its 5 nneat pdei fweey (Whi shriddindupporand pamdilstie) auteedommde sound

radi ating papgeda (edhethdd MR robpeedt Uk addne savel-voaatd g}mdsam/)arl ously

devel oped " abpVenid MAEIEeor (e Aol BRadSsCLIbed,! sl Jth reference
Wh

to Figures 9 y on-orfin the panel
(2) at a preBLFBYR ﬁéﬂm’r%atsiaéinqSeﬂ*éﬂdﬁéd“‘mjaJm h%r%l Glymdpivgng y. The
| atter are, eflaydupseplashiécpr eport iSmisdklesisderduwdgndtedelslicet es (from any

corner) fs hosk @Ghﬁ!trabﬁ)vﬁmvm\deiﬁémﬁetﬁhsb.ﬂé‘ﬂt ﬁ\ee&h%meé@ned
coordinates gould be, erggﬂfrf%lalm\é}?lolé%?cg 9gy % Q{L‘i(’és & ”‘e panel

menber (2) are trinme cro rnis as na see dashed
(2d) .‘Id abO\tiEe r@daf‘:ﬂl @)rérfc u e epoxy, acryllc and cyano-acrylate

etc. adhesives.

Figure 2p illustrates, to an enlarged scale, that the

. 15 panel (2) is a rigid lightweight laminated sandwich-type

panel having a core (22) e.g. of rigid plastics foam (97)

or cellular matrix (98) such as a honeycomb matrix of metal

foil, plastics or the 1like, with the cells extending

transversely to the plane of the panel, and closed by

20 opposed skins (21), e.g. of paper, card, plastics or metal
foil or sheet.

Where the skins are of plastics, they may be reinfor-
ced with fibres e.g. of carbon, glass, Kevlar or the like
in a manner known per se to improve their tensile proper-

25 ties. Envisaged skin layer materials and reinforcements
thus include carbon, glass, Kevlar (RTM), Nomex (RTM) or
aramid etc, fibres in various lays and weaves, as well as

paper, bonded paper laminates, melamine, and various synth-
etic plastics films of high modulus, such as Mylar (RTM),

30 Kaptan (RTM), polycarbonate, phenolic, polyester or related
plastics, and fibre reinforced plastics, etc. and metal
sheet or foil. Investigation of the Vectra grade of liquid
crystal polymer thermoplastics shows that they may be
useful for the injection moulding of ultra thin skins or

K 35 shells of smaller size, say up to around 30cm diameter.
This material self forms reinforecing striations in the
direction of injection, a preferred orientation for the
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di agonal bending stiffness is also indicated diagrammtically, see arrows
(V, W. 25 The transducer (9) serves to |aunch or excite bending waves in
the panel to cause the panel to resonate and.rad- iate an acoustic output;
and is shown driven by a signal anplifier (10), e.g. an audio anplifier,
connected to the transducer by |ead conductors (28). Amplifier |oading and
30 power requirenents can be simlar to conventional cone type speakers,
sensitivity being of the order of 86 - 88dB/watt under room | oaded

condi tions. woplddseer | oad i npedance is |argely resi strémsaiigd ohns, and
power handling 20-80 watts. Were the panel core and/or skins are of

nmetal, 35 they may serve as a heat s#hk for the transducer, say to .9 09
MAY 200E WD 97/ 09842 Pgéﬂ%% %}45 42 remve heat froma voice coil of the
transducer, 3Pf PRERAIATADY 6Ve Pon&roNRARYITRY. the gﬁ’r"é?gz%mé’ﬁdt?h are parti al
typi cal cros§h%é@1’1r‘—bri?>enl“ﬁ?et§ugh t he | oudspeaker (81) of Figure 1. Figure 2a

shows 5 that the 1ftr aseoplignientir tooaadeft3 Fuatibrpadedbof@ymetteosine- cted
t oget her by Fé&%%h\/&x aelhRah ey Qem@swha&sca@m mréyel 391 material s for
the frame m&ﬁ#r ]L_Jla|1) paral'.JlS.l%q {: aQrctu 3 rang[#gh %/ ruded net al
(e.g. alum ar Fast? &% 5t% 4P o EuRiBunéPhaterial s can
10 neet desi &8 é’t"—&e’élﬁ‘éﬁ%"%r‘g' el Qi@tranyi pralet simtiaclafingsfedm as f oam
rubber and f baynopl wedviecer Sukttdd eeimifreseneas,f see arkbes | @, nks; (20) incl ude
epoxy. af:rylasa,w}dbgy@nﬁa@cmeab@seaetsﬁb- ‘§§"¥ﬁ§1 tnEizgla&?:e !"h;JS”at es,
o an enl ar | vei

9% 5Ti%§ BB£%§£Q§t$f¥é19E¥Le ang es(ZES 8rgow§ﬁ(Gg 9

| am nat ed san ? avin id plastics
f oam (97)t0 ofh ?%‘I ISIX t?'?'&t’HX( a(t9835‘§a%¥ﬁeés Shersie s Cﬁh%‘?lb@ of netal
foil, plastiethaawithead itkeangie Antheymeltky. extoredshepr tdaansyey sel y to the

pl ane of t hec&ﬂﬁ:&butands altoseGtoyn directionally different in avai-

lable materials. .
Additional moulding for plain or reinforced plastics,
15 usually thermoplastics materials, would allow for mould .

tooling to carry location and registration features, such
as grooves or rings for the accurate location of transducer
parts, e.g. excitation coil and/or magnet suspension. Adda-
itionally, with some weaker core materials, it is can be

20 advantageous to increase the skin thickness locally, e.qg.
up to 15% of the transducer diameter, to reinforce that
area and Dbeneficially couple bending wave vibration
inducing energy into the panel. High frequency response
can be improved for some foam materials by this means.

25 Envisaged core layer materials include fabricated
honeycombs . or corrugations..of aluminium .alloy .sheet or
foil, or Kevlar (RTM), Nomex (RTM), plain or bonded papers,
and various synthetic plastics films, as well as expanded
or foamed plastics or pulp materials, even aerogel metals

30 if of suitably low density. Some suitable core layer mat-
erials effectively exhibit usable self-skinning in their
manufacture and/or otherwise have enough inherent stiffness

for use without lamination between skin layers. A high "
performance cellular core material is known under the trade
35 name ’‘Rohacell’ which may be suitable as a radiator panel *

and which is without skins. 1In practical terms, the aim is
for an overall lightness and stiffness suited to a partie-
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sheet. Wiere the skins are of plastics, they may be reinfor- ced {3 MAY 2006
fibres e.g. of carbon, glass, Kevlar or the like in a manner known per ae
to inprove their tensile proper 25 ties. Envisaged skin |ayer materials and
reinforcenents thus include carbon, glass, Kevlar (RTM, Nonex (RTM or
aramd etc, fibres in various |lays and weaves, as well as paper, bonded
paper |am nates, mnelam ne, and various synth- etic plastics filnms of high
nodul us, such as Mylar (RTM, 30 Kaptan (RTM, polycarbonate, phenolic,

pol yester or related plastics, and fibre reinforced pl as}ics etc. and
metal sheet YSPPBM | nvesti gation of the Vectra grac]’é:T %f"?‘dﬁid crystal
pol ymer thernoplastics shows that th may be wuseful for the injection
nmoul ding of ultra thin skins or 35 shells of smaller size, say up to around
30cm di anet erylar ThiSHodB} epeal fixal iy fiakcdBdingi fimG gy sbhitaibu@As in the

direction Of 1NCGLbANcofk DIfM &k 701 87d:ANLAR Qo fAlkibhe O MY 2006 YO
97/ 09842 PCT/ (B86/ 02145 _ 43 good propagati-on o? treble energy fromthe
driving poi nt*™#8- the panel perineter. It is convenient to advert further
to ahove- nmenti onefevenadsefi e pretsrugdndpryglationndes trmtrapgah be

di recti onalsl yempdogi héedlendndalmepar adllely tskipsi rer oflterskesiveiyt Be panel (9),
see other arromgonGsddh, rdhedtcdddit 2NBLHER D, théld, UdidQ 66 bay or weave
or directed rein ﬁrcemsnt see ar;ows E, F); andgor bé %Iaural super posed
sub-1ayers wi¥h2theY PegPIec P TesRAI FIREYSOmE, SRFp HE At #aVEI SBSYE angl es, see
arrows (G H)antdasheadno sfreawendycegiepning EopRIgieeyhichshgnld key coul d be

ot herw se as inpoamght ianskveyalhEMCyapilakretidnear oanemtisnal qnkli bute, as it

is often digr egt igR@ldyye digehRd @Ntavd) nd Vigine rdADERC TREEE 13 Scaphtidi ti Onal

nmoul di ng for 4 in orf reinforced plastics, 15 usually thernoplastics
materials, wo Y3l | ow for noul d 0 tooling to carry |location and

r egi sgati on f eat HRER hagubsrnaSatft @y &8 GIXtEPFiYE PEPambAE BR At e | ocation
of transducerspguaficgtiengecomecnimagt imaneciaills pachmetermgnetrekatdpensi on. Add-

to sandwich structures, as to cores and skins. Moreover,

. 15 progress in materials technology is very swift indeed these
days. However, it must be useful to say a little more,
based on materials available to us to date, about useful
practical criteria we have developed in relation to requ-
irements in relation to materials selection. Thus, we use

20 the following guidelines:-

(a) Cellular core has shear modulus of at least about 10
megapascals and adhered skin Young’s modulus of at least
about 1 gigapascal.

(b) For sizes of panel members below about 0.1 square

25 metre, lowest bending wave frequencies above about 100Hz,
a bending stiffness that can be below about 10 Newton-
metres, core shear modulus that can be as low as about 10
megapascals or less, and skins’ Young’s modulus in the
range from about 0.5 to about 2.5 gigapascals.

30 (c) For sizes between about 0.1 and about 0.3 square
metre, lowest bending wave frequencies as low as about
70Hz, bending stiffness between about 5 and about 50 or
more Newtonmetres, core shear modulus that is usually above
10 megapascals typically about 15 megapascals up to about

N 35 80 or more megapascals, and skins’ Young’s modulus of at

least about 2 gigapascals up to about 70 or more giga-
pascals.
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15 (e) Generally, bending stiffness between minima of about .
0.1 to about 1,000 and maxima of about 4 to about 3,500
Newton-metres, and mass per unit area between minima of
about 0.05 to about 1.5 and maxima of about 1 and about 4
kilograms/ square metre, depending on size/application.

20 These guidelines are given in good faith after exten-
sive testing, calculation and investigation etc, but are
not intended to be unduly limiting. Thus, we have succ-
eeded in driving/exciting structures with bending stiffness
as high as 7.5 Newton-metres, though not as efficiently as

25 we would look for in purpose-designed loudspeakers. In
principle, it-is difficult to.see any absolute upper . limit,
though necessary input power can get very high, and effic-

iency rather low; but, if such was acceptable, even prefer-
red, say for matching existing structural and cladding

30 materials, we could do so. Also, progress in materials
technology seems certain to enable structures with comb-
inations of properties that are beyond forecast; and our
own knowledge cannot be truly comprehensive, having been W
gathered over quite a short time.

35 In addition, preferred forms of piezoelectric trans- »
ducers and ferromagnetic electro-magnetic transducers have
negligible electromagnetic radiation or stray magnetic
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ar ea t ween patphes dgfonded to the panel in selected positions, see
dashed at 2P, to control particular freguency modes in
‘ 15 damping excessive movement, and help distribute resonance
more equally over the panel. The patches may be of
bitumen-based material, as commonly used in conventional
loudspeaker enclosures or may be of a resilient or rigid
polymeric sheet material. Some materials, notably paper
20 and card, and some cores may be self-damping. Where
desired, the damping may be increased in the construction
of the panels by employing resiliently setting, rather than
rigid setting adhesives.

Effective said selective damping includes specific
25 application to the panel including its sheet material of
means permanently associated therewith. Edges and corners
can be particularly significant for dominant and less dis-
persable low frequency vibration modes of panels hereof.
Edge-wise fixing of damping means can usefully lead to a
30 panel with its said sheet material fully framed, though at
least their corners can often be relatively free, say for
desired extension to lower frequency operation. Attachment
“* can be by adhesive or self-adhesive materials. Other forms
of useful damping, particularly in terms of more subtle
v 35 effects and/or mid- and higher frequencies can be by way of
suitable mass or masses affixed to the sheet material at

effective medial localised positions of said area. '



about 0.05 to about 1.5 and maxima of about 1 and about 4 kil ogrfaftslMAY 2006
square netre, depending on size/application. 20 These gui delines are given
in good faith after exten- sive testing, calculation and investigation etc,
but are not intended to be unduly limting. Thus, we have succ- eeded in
driving/exciting structures with bending stiffness as high as 7.5
Newt on- netres, though not as efficiently as 25 we would | ook for in

pur pose-desi gned | oudspeakers. In principle, it. is difficult to-see any
absol ute upper limt, though necessary input power can get very high, and
effic- iency rather Iow, but, if such was acceptable, even prefer- red, say
for matchi ngv@%¥%8#? ng structural and cl addi ng 30 nat ePFHEREO0ES coul d do.
so. Also, progress in materials technology seens certain to enable
structures with comb- inations of prbperties that are beyond forecast; and
our oun knowl edgg £30801c BEndi HEYediOMDRENANS vE: -NAYLAH Dol gat hered
over quite a s%%rt ti rrefrofr),n I n aqfll.tlor]c, re ﬁrrer{:l f_(_)regls? 05 1_'pl ezoel ectric
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97/ 09842 PClé¥eRa6l O2dxkimtd6nf bel deousEanvemmdronal theeakens beum a | arge

magneti ¢ f5i ebgbrgy-of WR1iESkml £ PBIIRCEHiRRE1 MBS 2RGEL iksEQpensat i ng
counter- nmeasures.are taken.  Vhe t 0 hage or. mai ntain

. . ive a I ave e& Ié : % nggg’t%nt a
screening i 'S fAny apprication, gf%cst'rl E%I FoRRERR 338 A8 made to the
conduct i ve pERRFQABFLILR HFpridysr inatBrB\VLSRAEAelandr agRidIcectin rtheal |y
conducti ve fosmoducei spbhad renbetimgee nmay be used for the edge nounting.
The suspension (@i &Y sS@d ekbea8d9e5n0krdd@nPatRust 29 pakbh i@ Prevent
excess!vqoe_d e venent, gf 1t:ih% angl without generally preventing desired
edge Vi br atlganr.ge JdP et SHEPEe 8?' aﬁeerpﬁéff%gﬁ, ° uPﬁ?ﬁg rg;?ﬁﬁdng may be
appl i ed, e. ginfegmatignchpereasen®Ed 4% st hdopaiiwroved ferettfed sositi ons, see
dashed at 2Rjallledqorantoh sgarés cnbew, blratpment\vfnbilespedkeks Hia@pi ng excessi ve
movenent, angh dtakes dissé! iaRULR LOSANIBHRAInI YL AR bt O%BRedfie Panc@® The
patches may f ggnefit of a moderate off-axis placement for a normally
15 seated listener optimising the stereo effect. Likewise the | .
triangular left/right geometry with respect to the listener
provides a further angular component. Good stereo is thus
obtainable.
There is a further advantage for a group of listeners
20 compared with conventional speaker reproduction. The intr-
insically dispersed nature of acoustic panel sound radiat-
ion gives it a sound volume which is quite free of effects
of the inverse square law for distance for an equivalent
point source. Consequently for off-centre and poorly
25 placed listeners the intensity field for the panel speaker
promotes a.superior stereo effect .compared to.conventional .
speakers. This is because the off-centre placed listener
does not suffer the doubled problem due to proximity to the
nearer speaker; firstly the excessive increase in loudness
30 from the nearer speaker, and then the corresponding decr-
ease in loudness from the further loudspeaker. With con-

3

ventional speakers, the ear tends to favour earliest arr-
iving sounds, so care tends to be taken that neither loud- w
speaker channel is nearest.

35 Whilst acoustic panel members hereof will normally be u
sized including adjustment as to differential bending
stiffnesses to make a match with resonantly outer operative
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represented either individually or collectively (but used
individually within each "collection" relative to centring
a transducer thereat).
Figure 3h shows one preferential transducer location
20 as indicated above for substantially true elliptical panel
member of aspect ratio 1.182:1, i.e. at 0.43 and 0.20 of
major and minor axes from centre, as developed from ell-
iptical cylindrical cocordinates using the equations:
X = h.cosh(u.um).cos(v) y = h,sinh(u.um).sin(v)
25 where h =V/(a? - b um = g.tanh(a/b)
having constant values for u (0...1) and v (0...w/2) at
(0.366, 0.2397).
Figures 3¢ and 3d likewise show substantially super-

elliptical and part super-elliptical/part-elliptical panel

30 shapes, each with the preferred transducer locations being
as indicated above, but only shown in approximate outline. '
Regarding Figﬁres 4 to 6, Figure 4 shows a first dist-

ributed mode panel-form loudspeaker {(8l) generally of the
kind shown in Figures 1 and 2 and in which the frame (1) is

# 35 replaced by a baffle-board (6), e.g. of medium density
fibreboard, having a rectangular aperture (82) in which a
distributed mode radiator panel (2) is mounted with the
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stiffening rrahi&eo%lggf) %r;%{ tkg%agédas inner 5 framng at |east partially

about the intended® cﬁi@Pﬁ?l‘\/e 5?%§F§b‘ip“‘lpéﬂiﬁ,ﬁ AgSREYHOX5r ef erent i al
si ze for the likgnenchesvser (81 r bavingde acdoperihél)., Regetdomg (HQure 3, Figure
3, shows prefeyReed adidebr arEuCcerbdcRCaisonand of faostibalsant i albey

rectangul % PPo'B‘E' (159) rrggrbet{w a%néfkqa'ugét E('g% ahgy J.stf or f' SO”F%J' C aspect

rati o of si n ort ona coordinat es t aken
from 3/ 7, 4/ 91159&&“%’79% %’fsqré%‘éﬁ %c}s §?‘H€§°Fr%‘r’i’1erlt%2) Bor e’ ndot her corners
bei ng as il | udascailkefl Wothjneferenswe to Figures 1 and 2 and comprising

a core (22) enclosed by opposed skins (21). The panel (2) .
is supported in the enclosure (8) by means of a surrounding .
15 compliant suspension (17), e.g. a strip of latex rubber. ’

A transducer (9), e,g, of the kinds described for

Figures 9 - 17 is mounted wholly and exclusively on the

inwardly directed face of the panel (2) in a predetermined

location as discussed above, to excite bending wave vibra-

20 tion in the panel to cause it to resonate to produce an

acoustic output. The enclosure (8) may be formed with

ports (109) e.g. in one side (150), to enhance bass perf-

ormance of the loudspeaker, including of some pistonid

action allowed by compliance of panel mounting in the box.

25 Figure 5 illustrates a further loudspeaker (81) gener-

ally similar to that described above with reference to

Figure 4. The loudspeaker comprises a box-like enclosure

(8) consisting of a front box portion (52) adapted to be

mounted on a wall and a separable rear box portion (110)

30 adapted to be set into a wall, e.g. a stud-work wall to

further reduce the already shallow apparent depth of the

loudspeaker enclosure. The front face (51) of the front

box consists of a rigid lightweight multi~-mode radiator (2) o
comprising, as for Figure 3, a core (22) enclosed by

35 opposed skins (21). The panel (2) is supported in the n
enclosure (8) by means of a surrounding resilient sus-
pension (17), e.g. of rubber latex strip. The loudspeaker




one quadrant. In other Figures, the six transducer |oca- 15 tions fpn /Y
corner on a reference are to be inplied as represented either |nd|V|ddé IQ
or collectively (but used individually within each "collection" relative
to centring a transducer thereat). Figure 3?,Z shows one preferenti al
transducer location 20 as indicated above for substantially true
elliptical panel nenber of aspect ratio 1.182:1, i.e. at 0.43 and 0. 20 of
maj or and m nor axes fromcentre, as devel oped fromell- iptical

cylindrical coordinates using the equations: x = h.cosh(u.um.cos(v) y =

h, si nh(u. un') 25 where h a,/(a 2 - b2) umis b) havi ng
const ant val ue %%m u (0...1) and v (0...tr/2) at (8‘.@%‘%?‘28‘{5239n).

Figures 3.Q and 3d |i kew se show sub %ant ially super- elliptical and part
super-elliptical/part-elliptical pane 30 shapes, each with the preferred
transducer | @eatiwangebetalgyast ithdi kaidedeatatived witth eafereshewtn i n

appr oxi mate Y Hé}el aﬁeaambveg R Q;Bﬁﬁs%u‘éeT:O( é:'gQUBP theSROME a first
dist ra, 3 rrg gor;z)gne -eso m | u speg eegn& ]])1 gralché of the kind
shown in F| g Fégr‘f n AR Sen vvh| ¥ FQUpY f’g GXCIB% repl aced by a
baf f l.e- boar dig8}y aa §he o‘fnwﬁfé%lﬁyuﬁfﬂéwfﬁdt face PSré‘!ﬁ)a’lﬂdel hed)i A% & rect angul ar
aperture (32)prb@etdm¢inecn lodaston bagt eXd sowskedr atlbed oto paeeke ()4 i s nount ed

Wth the 0 9 WA 00G\RR! 05542edATTL CHOR QS t4O chiber pOStd i on of a

resilient sus enS|on affle-.board (6) can help with | ow

frequenci es Fé\}groduce aR accqutic ouItl'puéA transducer (9)_ as descri bed
for Figures 9 - sl“Fhl §°H‘Rﬁ?ﬁf"é‘ifs\m6fel yelatdveldc | 3iaplel tP Rkenhatdhanel (2) 5 to
excite the paael Heo waieseta t hae r esoredativedyprabdditev adepcousti ¢ output. In

Figure 4,14 hapbardtleakeilcamaehsies £ SdbphPEcA0Xo lcbkeertiichosure (8)
having a top @14%;%{8 ?ot;rgc{n ﬁé, 9)a w?(ﬁeoogg e5|°o£es (s%:?ggion ck (151) and

a front (152) ront e enclosur e consists of arigid

| i ghtgei ght d’°§‘P‘F‘fib°’8PeH°n‘b?)‘B( “&Popib%ﬁ?é}’ toudspeakers ki ¥heTescri bed with
referehce to theguadiatdragpahe2 andnagienfremsiarygisasiciomed (@h eetébsed by

opposed skingoi21dr shBetpamnel 1dudspeaker can be made to be shielded
15 against radio-frequency emissions. .
Accordingly, particular device aspects of this inv-
ention include a panel-form loudspeaker comprising a
resonant multi-mode acoustic radiator, drive means mounted
to the radiator to excite multi-mode resonance in the rad-
20 iator, and a baffle surrounding and supporting the radia-
tor: for which resilient suspension may be interposed
between the radiator and the surround, typically an elas-
tomeric material such as rubber, and may be sponge-like,
e.g. foamed rubber; the baffle may be substantially planar
25 or may be in the form of an enclosure, e.g. a box-like
enclosure, and of any suitable rigid material, e.g. medium '
density fibreboard, including formed into an enclosure as
of so-called 'infinite baffle’ form and/or or ported; the

transducer may be mounted wholly and exclusively on the
30 radiator; the enclosure may comprise a rear box portion
adapted to be buried in a wall or the like surface and a
front box portion adapted to project from the wall or the
like, and such two box portions may be physically separable

and adapted to be connected together in desired fashion.
4 35 Figure 7 shows a floor-mounted panel-form loudspeaker
(81), i.e. as generally shown in Figures 1 and 2, as a
lightweight rigid rectangular distributed mode sound radia-



is supported in the enclosure (8) by neans of a surrounding 15 conpliant
suspension (17), e.g. a strip of latex rubber. A transducer (9), SgMA&fﬂMG
t he kinds described for Figures 9 - 17 is nounted wholly and excl usively
on the inwardly directed face of the panel (2) in a predeterm ned

| ocation as discussed above, to excite bending wave vibra 20 tion in the
panel to cause it to resonate to produce an acoustic output. The encl osure
(8) may be fornmed with ports (109) e.g. in one side (150), to enhance bass
perf- ormance of the |oudspeaker, including of sone pistonic action

al  oned by conpliance of panel mounting in the box. 25 Figure 5 illustrates
a further |oWesp¥dRer (81) gener- ally simlar to thatPCleByored .above with
reference to Figure 4. The | oudspeaker conprises a box-like enclosure (8)
consisting of a front box portion (52} adapted to be nounted on a wall and

2 separable ioay HaPRsatdd U 39 Bapi Al pofie saeloldl ;7 vall, e 0. 2

st ud-wor k wal urt reduc ow.a depth of the

| oudspeaker éﬁe'f"b§ﬂf’ﬁ°rtf§e”f Potit %?ﬁﬁ‘éla(ISE’}a"t?f (théni? 5r’rP° FdR"@onsi st s+ of a
rigid |ight wdRghthaiipg ja- gErradrentiaging fop) (&30ngnd shmpriagkt fséemFi gure 3, a
core (22) engbesetb BpudSgeppasey deiinsnfadlarmndhesf)arshnéatedi stsupported in

oo of rubbirelputaly e def & it "‘Quﬁﬂ’*f’&tf‘?@ SR R Caog) 09145' 50

ohe) S1ap THL & e

|s thus gene ?I%S‘F k*n? é’§8 tWaF’ ¥Eicé®t T EPGures 1 and 2
above. A traksBdcdowpodn Fagyresof + Hé k#mdloum@ﬁc#tlm@ Fespatitguees 9 - 17 is
mount ed whol leyd agid txscharel i ¥elwitBntidie btner dhys divsecheshdrace of the panel

(2) inas %ﬁdﬁlqﬁ ThPGn eAdOR %) EswITedmPgYRILO excl te and  vibrate

the panel, jn ben sonate to pr oduce an

acoustic out put Rmfoﬁéng’é%ﬂfg?ge%ﬁ ég?e"f%ﬁ ﬁ?‘é‘?‘iﬁdsl"ﬁppée tR3"fhke and can
be made to hdde at REedetsraijed HRCRbIPNGeps rbaye. Tpisgppasrgemeyt shal | ow
depth, in cowpatitsnfied CtoCopersitei tnalrivouwtis peaicar $2) padthanealay W de gngl e of

di spersion i@t 160%PaGicHRIed ByCOEMRDRE UMk nPE ThaNkGord QBESRAIKET S re

along with the arms (85) acts as the chassis of a conven-

15 tional loudspeaker drive unit, but launch/excite bending .
wave vibration the panel at other than low frequencies of
pistonic action, i.e. to resonate for corresponding acou-
stic output. The suspension (3) will be compliant, i.e.
like the roll surround of a conventional pistonic loud-

20 speaker cone driver. Such panel-form loudspeakers are
relatively simple to make, and flatness makes them rel-
atively easy to house, and there is a wide angle of
acoustic dispersion in comparison to conventional loud-
speakers.

25 Accordingly, particular device aspects of this iny-
ention include a panel-form loudspeaker as a resonant
distributed mode acoustic radiator having a periphery, a '
transducer mounted to the radiator to excite distributed
mode resonance in the radiator, and a frame supporting the

30 radiator, the transducer being coupled between the radiator
and the frame to vibrate the panel to cause it to resonate
to produce an acoustic output, wherein frame means supports
the radiator at its periphery, preferably for additional
pistonic acoustic action, conveniently with resilient sus-

35 pension means couples between the frame and the radiator "
reriphery; and/or the frame having a portion surrounding
the radiator panel and/or the resilient suspension of



the radi ator panel is nmade fromor is skinned with nmetal foil or sheet,

the | oudspeaker can be nmade to be shielded 15 against radio- fredquankyy 2006

em ssions. Accordingly, particular device aspects of this inv- ention

i ncl ude a panel -form | oudspeaker conprising a resonant nulti-node acoustic
radi ator, drive neans nounted to the radiator to excite nulti-node
resonance in the rad 20 iator, and a baffle surroundi ng and supporting the
radia- tor: for which resilient suspensi on may be interposed between the
radi ator and the surround, typically an el as-~ tonerlc mat eri al such as
rubber, and oy Be sponge-like, e.g. foaned rubber; ﬁ?ﬁﬁﬂile nay be

substantlally pfanar 25 or may be in the formof an enclosure, ®e.

box-like enclosure, and of any suitagple rigid material, e.g. nedlum

density fibreboard, including formed Iinto an enclosure as of so-called
“infinite baktidstomboramatel/ial. orhparhesiuckheveiny adagtedbotmytobe nount ed

whol |y and eé@dééslt\ael yamtweto S&Jﬁgt@ta{a, ttahﬁo@@%es%eim conprise a
rear box porti ) ada tlcular nven% H_fe surface and a

front box ponlon a aﬁtea ?oparro C& HYCRT R vvg Preo'r atsh t%e, and such
two hox port FEHE FFPHES PRy & é’a‘l’qry stepdrkanias andrenidpteddagididbe connect ed
t oget her i destioad  asbstanti83 yFappiget poshiwes estdrdsoy -frountbed panel -form
| oudspeaker gt&ink, ehgﬁﬂnasP&&rieﬁaAdayaSBmmu FdeHEn€§ cktaf¢hnd as a

| i ght wei ght %%d‘}hr e%hg{%l%rgi Str |tp g9 ecf’ | nd radi aarqns MAY 2006 WO

97/ 09842 PCT ane nor_ on a resilient
surround (3) “@EHowhestpHIrtERY si n?’é’(‘,‘t an Pdf?%ﬁfe ceR)PyrPY f| oor stand
(23) having ahgreommferﬁgdgi hgld opdripBsalandbanthpranyist sbmven-(84) to four
gener al | y1chok b3t @b tir Nran8&)cer@BNaffu@bediond ok hglijacdnet €4 w@yads (86) to the
respective CE ?nst g,ggt)iogfof t.he grragge (1). A balanced pair of transducers

(9) of the shown |np?w%ures are nmount ed at one respective end

on thgapanel (2) TaFEH hé taﬂgfhee‘nagyaq sGORRIAIBAt RYFLOBHC |1a0gs (88) on the
stem 384) toddstinidutérempdhaksonBdtehapbdur 69r arlovddpeakes (@) .are | ocated on
the panel (2)gitiweRgidetre@gid NG th D eaORNSdASsoaR@VEadibRbS Bddedngenent is
inte@ed {0 QPEr Al ik Or k¥ 1 NGaPENYorhd) 2 HRLENSA ¥ a boxs

like enclosure (8) having sides (135) and a rear wall (12),

e.g. of medium density fibre-board, together defining a

cavity (155). A panel (51) of acoustic absorption material

is provided in the cavity (155). A panel (51) of acoustic
20 absorption material is provided in the cavity to damp

standing waves. The radiator panel (2) is mounted in the

enclosure (8) by means of a compliant suspension (7) e.g.

to emulate the roll surround of a conventional pistonic

cone loudspeaker and carries a transducer (9) as in Figures
25 9 - 17 mounted wholly and exclusively on the panel (2)'at

a predetermined location as described above.

The interior cavity (155) of the enclosure (8) is

coupled to a bass pump (11), that is to say to the interior

of a box-like enclosure (185) containing a pistonic bass
30 loudspeaker drive unit (42), by means of pipe-like conduit

(90), whereby air pressure waves of acoustic frequency in

the bass region are applied to the interior (155) of the

“ enclosure to cause the panel (2) to move pistonically on
its compliant suspension (7) to produce a low frequency
® 35 acoustic output. In addition the panel is caused to

resonate by the transducer (9) to cause the panel to
radiate an acoustic output at higher frequencies. An



at | ow frequencies by reacting against the stem (84) which along with the

arns (85) acts as the chassis of a conven 15 tiona-| | oudspeaker drUi(yqvu\_Y 206
unit, but launch/excite bending wave vibration the panel at other than | ow
frequencies of pistonic action, i.e. to resonate for correspondi ng acou-
stic output. The suspension (3) will be conmpliant, i.e. like the roll

surround of a conventional pistonic |oud 20 speaker cone driver. Such
panel -form | oudspeakers are relatively sinple to make, and fl atness nakes
themrel- atively easy to house, and there is a wide angle of acoustic
di spersion in conparison to conventional |oud- speakers. 25 Accordingly,
particul ar d¥PPU®4spects of this inv- ention include PATGRMHER4% or m
| oudspeaker as a resonant distribut§g node acoustic radiator having a

t

periphery, a transducer nounted to e radiator to excite distributed
node resonancgph Peidie (I pdisadMang@d dods ddaasE aSHRPAIC bghdiheo 3@er adi ator, the

t ransducer beblargg %ﬁH}P' gfil)begn\&eq:g ttlﬂg é?gﬁs%ﬁ%r )d &ped; rv%n‘etht(ao vi brate the

panel to causeé it "tQ resonate to produce an acoustic output, wherein frame
means support@udFP@}ﬁeédi ator at its periphery, preferably for additional

pi stoni c acousti cheiribrglyconeeticadat ydemich aepddtsent $hbs 0ind5 pensi on
means coupkesgigbNesitiube 4 ramspedkerheotidisah@ran RAICLBREFe/; agand/ or the

2LZ‘S&Q?ZL“gfa%eﬁgfvi\%‘*é%%%g&%%%%ﬁ%@%ﬁ%‘é&é&%&?%*2@' oy ffhlon o7 oo e

mat eri al . TheOUPEIRGGRR FBLI AT HUdPE APChOtH S §or dimbked RéstadFat or to
resonat e and movem®vie relativadirereto, pndtitganshicey neana frar drtwilngr i nventi ve
feature, as ithet h@1akbRNWhELHIN tifd RYATathlOO aSaRA-hevi BYseid-ound engagi ng
5 POrtionyga ;BSAGL! habskiUPtdadbtoRObh! £3: 8Kt Shdhod,Jd:OmbifA8a T OUN
engagi ng portion_an cﬁ gcéfraht%’ of ‘ar extending “from the upri ght
portion, the HPStal BBhABFTFShAT h o e A9 het e¥iPiadht WEspensi on. The
radi at or can #sdiakgr tohegwsepteftor a¢opahel @nfeby mleensilflor yrime ar s, conven
10 iently w tinet s B $eEQIeS ) n NEENERS] 08Br Ot oA R Bhe tradl BEor WPT i ght.ort ion

of the f"anE'move pistonically; where the air pressure varying means
15 may comprise an air pump, say as a subsidiary enclosure, a .
pistonic driver mounted in the subsidiary enclosure and
means coupling the interiors of the respective enclosures
such that air pressure waves produced by motion of the
pistonic driver are transmitted to the said enclosure; and
20 acoustically absorbent means, e.g. wadding, may be provided
in the said enclosure and/or in the subsidiary enclosure.
Regarding Figures 9-11, Figure 2 shows moving coil
transducer (9) arranged to be embedded entirely within
interior of stiff lightweight distributed mode panel (2)
25 comprising a core (22) faced on both sides with skins (21)
to excite/launch bending waves in the panel. .The trans-
ducer comprises a coil (13) embedded in a fixing (16), e.qg.
of epoxy resin, in a cavity (29) in the core (22) of the
panel (2), and surrounding a cylindrical coil former (18),
30 the coil (13) and former (18) thus being rigidly fixed in
the panel (2). Mounted in the portion of the cavity (29)
defined by the coil former (18) is a magnet assembly
comprising an opposed pair of magnets (15) separated by a ®
pole-forming member (14), the magnet assembly being mounted
35 on the inner faces of skins (21) of the panel (2) by means
of opposed compliant suspension members (19) of rubber-like
material, e.g. foam rubber, which are adhesively bonded to

. ' ‘
'
’



Figure 8 shows anot her way of conbining pistonic and distributed node
resonant behaviour for a | oudspeaker (81). Lightweight, rigid disfd ikYed0d0f
node sound radi ator panel 15 (2), as in Figures 1 and 2, forns a front

wal | of a boxr like enclosure (8) having sides (135) and a rear wall
(12)-, e.g. of nediumdensity fibre-board, together defining a cavity
(155). A panel (51) of acoustic absorption nmaterial 1is provided in the

cavity (155). A panel (51) of acoustic 20 absorption material is provided
in the cavity to danp standing waves. The radiator panel (2) is nounted in
the encl 05%897% 2by means of a conpliant suspensi 0Ny ot ng 22 to emul ate
the roll surround of a conventional pistonic cone |oudspe ?( 1’5 and carries
a transducer (9) as in Figures 25 9.; 17 nmounted wholly and excl usively on
the panel (2) at a predetermi ned |ocation as described above. The
interior cavichy ndder efsdrmyeamd osurthe( SptdrSorceupdaedst of athass punp (11),

that ,is to sgysfQ+tihe &g i(QQ 21 tie N | KemeNGla R & dslfiply containing a

pi stoni c bass | oudspeaker drjve unit . (42), means of pipe-like conduit
(90), wher eby? 1']r5)pf'%3 ﬁ?ém\)bﬁveedscﬁceé‘%hé{gﬁ&? gaﬁecr?& {)’r?’ #1fe bass region
are applied £8 ¥fHelintmovpble EashHYs spspepsiorndPdsurtdet braygdeess he panel (2)

to nove pista) ceopdrpton td tlsunchyekeitd reudpenasns (i) the pansluce a | ow

L reglﬁentcy 35 @stobgswi;fm@emutto b{hh@ddb&arl)rktetshsiagcnetbfaﬁn&@u:%eéift_t0 rteSO{latte
y the transducer 0.cause .the pan Q radiate gn acoustic output a
A gher frequgn%i%asn.(egA%&eO B RS OB o UeRS bR B IR 145 anpl i 11 er
(1) is arran@ésentdyf @888 Aheatdusti Fhei graretaycirationaedipttply 11) and to

t he transducenhdedt by dncwvensihe theoudspefiitbe .maghetarsdemiglyy., Tarti cul ar

deV: ce aspeClhpedtibhi Sat N¥ast ?Btlli% f{]sziuud&le%,l Qmpe%erralssowtorl sing an

encl osure, an,_acousti hato e.enclosure, a comnpliant suspension
mount i ng thetpgdllgazﬂn%% gﬁsretq'%é?elns{:.l%gﬁ%levefl r‘i?fgrﬁ tlé’dcf)‘f‘%a[rgﬁ?% pcFmvement

rel atg@e thetB8b ofahbe PRARSATRRINPEAHR HoENRYMPIRey 2SEePLYatii bk or, wherein

t he radi at or tesd &ophel thermagdestasisembly stationary and to vibrate

the panel relatively thereto.

. 15 Figure 10 shows a moving coil transducer (9) similar
to that shown in Figure 9 and arranged to be embedded
entirely within the interior of a stiff lightweight dis-~
tributed mode radiator panel (2) comprising a core (22)
faced with skins (21) to launch bending waves into the

20 panel. The transducer (9) is formed as a modular assembly
to facilitate its assembly into a panel (2). As shown, the
panel (2) is formed with a suitable cavity (120) to receive
the transducer (9). The transducer comprises a coil (13)
fixed to the interior wall of a'cylindrical coil former

25 (18) e.g. by means of a rigid adhesive potting (20), the
former (18) providing the outer casing of the transducer

. and being closed at its opposite axial ends by lightweight

end caps (119) which are rigidly fixed to the coil former

in any desired fashion, e.g. by means of adhesive bonds

30 (220). The assembly 1is arranged to be located in the
transducer cavity (120) in a distributed mode panel (2), by

movement in direction of arrow ‘A’ as indicated in. The
transducer is fixed in the cavity by means of an adhesive.

Mounted in the cavity (29) defined by the coil former (18)

A 35 1s a magnet assembly comprising an opposed pair of magnets
(15) separated by a pole-forming member (14), the magnet

assembly being mounted on the end caps (119) of the coil



10 uted node acoustic radiator, by a first transducer nounted whol I3 andy 2006
exclusively on the radiator to vibrate the radiator to cause it to
resonate, and by means for varying the air pressure in the enclosure to
cause the radiator to nove pistonically; where the air pressure varying
means 15 may conprise an air punp, say as a subsidiary enclosure, a

pi stonic driver nounted in the subsidiary enclosure and neans coupling the
interiors of the respective enclosures such that air pressure waves
produced by notion of the pistonic driver are transmtted to the said

encl osure; and 20 acoustically absorbent neans, e.g. waddin e

provi ded | WQHE%%i d encl osure and/or in the subS| di EW%ﬂ@f‘Bswe
Regardi ng Figures 9-11, Figure 9 sho¥? novi ng coil transducer (9) arranged
to be enbedded entirely within interfor of stiff |ightweight distributed
node panel (ggrmgxs CHTPIbyS 1 RGark COF €opprakal mglpghtbogﬁp%hdg&, w th skins

(21) to exci te/Iaun Igggngpd%&g\é@@&el r;nartgel ?angl g&% ’?“5’ - ducer

conprises a 16) epoxy resin, in a
cavity (29) Whl‘%ér&o?@e(s?‘éﬁlyoib"f‘ I3 tﬁaﬁ*éﬂ magpet a?r?de’%‘ilﬂryr Gifdfhg a
cylindrical ebelifwerier §ifpace80of heheordspedBivearsddf grper (U thus heing
rigidly fixegagfet bbgendanelrd,2)s) Nﬁuﬂﬁ@dmb&hﬂehec&ﬁfehtﬁ{baﬂlﬁytm cavity (29)

defi ned by tgﬁs %‘il f(qrma Lk 18] bgﬁﬁlgaﬁe- gs%gr’r@w ; ér;d;?% ng an opposed
?

pai r of magn arat ed ormn , the magnet
assenbl y bei rﬁé%‘ou?"ﬂeear dyRet h‘@ i HTERTE RS aypC 'fﬁ"ﬁé 9 the panel (2)
by neans of wepgosedtiommahnphnt2)s by peitrabingndabersse( 10§abofresibber - | i ke
material, e. gemf_ %@bfa&beﬁ,om&asmﬁe@ adkgsi ssakywdioadeatedceifed MAY 2006 WO

97/ 09842 PCT wq_)gﬁdisefgiagf tg@ﬁegmmﬁgp{r%fapgg&% the interior surfaces
f

of the respec Ve S he magnet "assepbly (14, 15) is
t hus mount ed cond®ft FFESPRGeH(%P h%f chgFre( £8) 18 thtepded 45,381 {Phovabl eonits
suspensi on ( p8yfilEhéevicanddgdesarbb¢ Pprigesubstantdal gunttiiiaxthe e bengd ng
waves in thetpadigless(cd abyistidibatdd@odd paasls e 2l Ocather efddsaaedr def ormwat i on

of the panelcogéﬁ Gelcati s8] abolI0ticie Do MRehdaBEed @I, assembly and
the coil. The ixed, ?.e).w%:fa;t[\ela%g le an acihes:.ve, in a corresponding ‘

aperture (29) in the panel (2). A coil (13) is secured to
the interior face of the former (18) e.g. with the aid of
an adhesive. The opposed axial ends of the former (18) are
closed by disc-like compliant suspension members (59), e.g;
20 of rubber or the like, each of which is formed with an
annular corrugation (136) neér to its periphery to form a
roll surround similar to that used on conventional pistonic

cone loudspeaker drive units. The peripheries of the
members (59) are secured to the axial ends of the coil
25 former (18) e.g. by clamping, with the aid of an adhesive (.
or .in any suitable fashion. The centre portions of the
members (59), which centre portions are defined by the .

annular corrugations (136) carry between them a magnet
assembly comprising an opposed pair of magnets (15)
30 sandwiching a pole piece (14). The outer faces of the
magnets (15) are bonded or otherwise secured to the centre
portions of the members (59), whereby the magnet assembly
(14,15) is located concentrically with respect to the coil
(13) and is capable of 1limited axial movement relative
35 thereto. The magnet assembly is shielded by means of disc-
like screens (121) mounted on annular resilient members
(17) supported on the panel (2) to prevent or limit the



enhanced by increasing the nmass of the magnet assenbly. In 10 opeﬂa@ MY, ’Bls
| east at high frequencies, since the mass of the magnet assenbly is
relatively large in conparison to that of the panel, the inertia of the
magnet assenbly will tend to hold the magnet assenbly stationary and to

vi brate the panel relatively thereto. 15 Figure 10 shows a noving coi l
transducer (9) simlar to that shown in Figure 9 and arranged to be
enbedded entirely within the interior of a stiff |lightweight dis- tributed
node radi ator panel (2) conprising a core (22) faced with skins (21) to

| aunch bendi ng waves into the 20 panel. The transduc‘[ gﬁ% |s formed as a
nodul ar asse {f’ 810 facilitate its assenblylntoapzﬂ 6( 5 As shown,
the panel (2) is forned with a swt&ble cavity (120) to recel ve the
transducer (9). The transducer conprises a coil (13) fixed to the interior
wal | of a cyktrdlf imaghett @ile1d osurbunding( 18y wangl byjdveanstoftha rigid
adhesi ve pot H: 20y, the f ormer (18) providing the outer casing of the

t ransducer dbel i) ﬁkosed at its 03| %% axi al . ends_by |ightwei ght end
caps (119) whi chTé‘Fe ﬁgf‘@ 7 ?ﬁ%?&&e‘?ed‘ LIPET Add OPRTHRF desired

f ashi,on, e. gcomslemearrryopusiiinakh @élbﬁﬁﬁdysweémwmﬁﬁea&%ﬁeﬁﬁbl y is

arr anged tso be kheapackli n2y heotnanmiummdnagvivtawe(;lzﬁ)ﬁoim aigliast ri but ed node

panel (2), by; ﬁ@&é@&ﬁ@ﬁié&;@%&?hb@é‘r%l&r& ) @bmﬁ&siﬂ&th@J&d in. The
transducer is z eS| ve. unted in the

cavity (29) d¢& 1neé181 S E’é °c?8| fe%/or%%s (??g c% n“se S Eghe I\éta')isserrbl y
conpri sing aﬁemecﬁ;ﬂ&iﬁr“@f afﬁfgﬁb&@l(1ﬁ3-)xe§e;5‘aﬂattéfdm?ﬂ}‘sa°€)cﬂne form ng
menber (14), athesivegned thaseetdildy bfiangotbufdrmdront&)heéoefickencaps (119) of
the coil ;0 Woh9dd Q%@ﬂ?angrﬁﬁBaﬁiaﬁléSngléﬁy fb%ar@d tb1éle BY 6@%’3”5 of opposed
conpliant sus epsion, ., I S é 9% I trolilrb ;I{el e materia f oam
rubber, whié& arcéa & g?. vgl g? et a%seﬁbﬁ)a zfnd to the
i nt erggor sur PACES e8PXY ﬁéh?%’é’ﬁeE‘?fid\/él‘éhd HWtSTHé)Sa%QHE{-%ﬁsemI y (14,
15) iWthus wpupsiets obnpeEkesr i(tal,| pnefof theckaid diddjlizmdand iaxi al |y nmovabl e
on its suspe@skpdbea( win itBepdrigREEUCeEsd Lo OREIiALESidr0 o as¥ph/ excite
bend'& 15 coil former (18), and the other of which has a peripheral

flange (162) arranged to surround the coil (13). A fixing

member (93) which is generally cylindrical in shape is

arranged to pass freely through an aperture (29) in the

panel (2). The fixing member (93) comprises opposed gen-
20 erally complementary parts each formed with a head (95)

which are clamped against the axial extremities of the

respective pair of transducers (9) to couple the drivers

together. The complementary parts of the fixing member

(93) are secured together by complementary screw-threaded
25 portions (160, 161). The fixing member may be of any

suitable material e.g. plastics or metal. The transducer

arrangement (9) of Figure 11a is not rigidly clamped to the

panel (2) adjacent to the aperture (29) but is instead

coupled to the panel via resilient pads (17) e.g. of foam
30 rubber positioned close to the panel aperture (29) in much

the same manner as is shown with reference to Figures 3 and

3 whereby the transducer works to launch bending waves into

the panel by inertial effects due to the combined mass of

the respective drivers.
35 The transducer (9) of Figure 11b is generally similar

to that of Figure 11a but is intended for attachment to

only one side of a panel (2). Thus the magnet assembly



waves in the panel (2) by vibrating to cause local resil- ient deformation
of the panel in the sanme way as described 10 above with referencq\‘éq F‘Pe.muﬁ
enbodi ment of Figure 9. The transducer (9) of Figure 10 is intende"d"a’é* cULE
|l ow profile device which can be buried substantially within the thickness
of a distributed node panel (2). The transducer conprises a cylindrical
coil former (18) adapted to be 15 fixed, e.g. by neans of an adhesive, in a
corresponding aperture (29) in the panel (2). Acoil (13) is secured to
the interior face of the former (18) e.g. with the aid of an adhesive. The
opposed axi al ends of the former (18) are closed by disc-Ilike conpliant
suspensi on MEMI8P42 (59)  e.g. 20 of rubber or the |ikBCVEMERIET which is
formed with an annul ar corrugation %’136) near to its periphery to forma
roll surround simlar to that used on' conventional pistonic cone
Itoutnlf]loeak_erI @{4,\(;1% ) U.rf\.é tsseurUa_et&%ieFmrftaes o%g §$41%aném5q‘9§elr§, meds ar et f]efﬁr ed 4
o the axial gnds_of. cQi , for . Q. clampi ng, Wi e ai
of an adhesi ¥ ao?es.lil%grgtnys(%ssble%%b e (?Zgh'ig’ . °$hgu%beé/nrt'ré’%g§]:’t$%ns. of 't he
nmenbers (59)atiaahed it PeFoPReINSE fhe B9t dlth) Phetheapntenmr

corrugati onspé¢lle3p}easr (Y4 )bet Avapuret HamsBownag Netanséssaniph y ofotiy | Si ng an
?pposedf p?,lh rxoda @a&g&etﬁ ﬁﬂg@ce3pl_b§Gﬂﬁl\é‘ﬂn“tlahd‘éthhQoPloéa%ypbﬁf}ﬁcQ%?Qn tEhe OUE er
aces o e, magnet.s ar or er e secured to the centre
portions of A& Ret le?&sgé(%ﬁj,%&Egrrkg%ytf%nég‘ﬁ%egrnﬁia%%@%’f%?g(?4, 15) is -

| ocat ed conc®¥ Afc&Pe ORPER (18dpRRd Hegitif@tcBripensio) eifd PR aapabl e of
limted axi athiroverbsttratee| Eii7ye f8Bnadhevichoa Fhef nadheativassetdd y i s shi el ded

b>£7m%‘ans oftdéaysecr whéi@ysemfe;mnéal&& é@ﬂ'ﬁ&%u@ni@e@ﬂ{!ﬂb@éi%i%%gl i ggt Nﬁﬂggg Z

f/\D 297?88% r2 gd?%éé%ﬁ)‘%?% g%%é%%%yﬂlng\éﬁg{e ?arsgfcl:j{gsuorfﬁ rc}-'ﬁirilai %nv-t he panel

adj acent to BRELOn: +RGIMARCAT PSR At RGN taprPeGeRePRmPESFinvg Figure 11A

conprises canpbireraly agesiylyulbasdri webslali seobder amd opposilt e sid
rigidly fixed to the tubular member, a magnet assembly 6
disposed concentrically within the voice coil, and resil-

15 ient means supporting the magnet assembly for axial move- '
ment relative to the voice coil, the voice coil being
adapted to be rigidly mounted. to a distributed mode
radiator: where the resilient means may comprise opposed
elastomeric members; the axial ends of the voice coil may

20 Dbe closed by caps; and the resilient means may be mounted
on the caps; the coil may be mounted on the inner face of
the tubular member to form the voice coil assembly and/or
be adapted for reception in a correspondingly shaped cavity:
in the radiator; the caps may comprise the resilient

25 means, say each comprise an annular compliant roll
surround; .and magnetic shields may be disposed over the -
caps to reduce stray magnetic fields. PFurther, the voice
coll assembly may be adapted to be rigidly fixed to a face
of the radiator and/or the magnet assembly may comprise

30 opposed generally disc-like pole pieces, the periphery of
one of which is disposed within and adjacent to the voice
coil assembly, the periphery of the other of which pole
pieces being formed with a flange arranged to lie adjacent
to and to surround the voice coil assembly; and/or the

35 resilient member may be sandwiched between one of the pole
pieces and a face of the radiator and/or the transducer may
comprise complementary magnet assemblies and voice coil



5 of the panel (2) to launch bending waves into a rigid Iightme#%ﬂtMA’ 2006
distributed node radiator (2) conprising a core (22) enclosed by opposed
skins (21), to cause the panel to resonate. Coils (13) are rigidly fixed,
e.g. by neans of an adhesive, on the outside of a coil former (18) to form
a 10 voice coil assenbly which is rigidly bonded to the opposed surface
skin (21) of the radiator panel (2), e.g. by neans ~ of an epoxy adhesive
bond (16). Magnets (15) are enclosed by pairs of poles (14), one of which
is disc-like and is disposed with its periphery close to the interior of
each 15 coail rmer (18), and the other of which ha heral fl ange
(162) arrang‘&l (g %urround the coil (13) A fixing §@"%’{b§) which is
generally cylindrical in shape is éanged to pass freely through an
aperture (29) in the panel (2). The tixing nmenber (93) conprises opposed
gen 20 eral | yseenmlieseni asppopitd Sfazaehof otiedradibbory @ddné®ty which are

cl anped agai oind hayxi ﬁégn@et r§£@ém'b?§e§f sot}@thézesreset'ﬁ?shpﬁﬁrl of

t d . T t t f
tﬂinf.ﬂfﬁésn%n%am 03} APEhEh L Fun PRt oyt ohorERRERRE < P

screwythr eadédm@?}sﬁéﬁt |aansm€£'6’0‘1 1%“5 ‘T‘Fftr f2Ki hgd#ﬁ?ﬁﬁfér aﬁﬁ{mbe of any
sui t abl e nmt @ebetibedgabopk asntcs loudsehér chhprisiagsdacerributed angenent (9)

of Figure 11méaésac%9§t1rd Qh@ia)f:o‘f’lé}fﬁp%ﬁle t&aBMd@énséinQZAQ@ﬁJeacedﬁt to the
aperture (29) % énrs‘atd??i‘ c %oucpl o d to g %a}lg% via resilient pads (17)
e.g. of foam’* Fu hgosﬁlonedi EPose To't anel aperture (29) in nuch
the same manner anlgP§es wWHWS t A Pé?@r'@ﬁ&‘étrtlé mrgﬁ?dé@es 4hd i1 whereby the
transducer wwhkeh taockpatadhifepeddserg ikaveiezbnbendetth@ Paneimohytederti al

effects dug Ge imcsm HEGnBBsA &f a Hﬁ%t&@%@&&wﬁ dpiMRIrseat35 The
but 1 1 nt endbaot do R SO P S os i ol sl gty Slen e 7 O B IR
nagne!assenﬁl“yamtg??09%’42"?’&%9’8’/%‘%%5“@? ra ai'-Bf E’aé‘eée&?)r ed to the
surf ate of tkegpayehedid) obhannethesivef therwddl erenend wpesbdock 17) e. g. of
rubber, whi chza;% pRijbaeingdticn the MRk eny Rinethez)f kanga t( @1@2) of the
Shon®rn! B DOFETie op FLPAE At M A IS ekl dlathe o ki
cent to a face of the panel An annular ring (25) of
plastics, e.g. mineral loaded polyvinylchloride is rigidly
fixed to the periphery of the piezo bender (27) to add mass
to the free periphery of the piezo bender. Thus when the
20 transducer is energized with an acoustic signal, the piezo
bender (27) vibrates and due to its mass launches bending
waves into the panel (2) to cause the panel to resonate and
produce and radiate an acoustic output. The transducer (9)
may be covered by a domed housing (26) which is fixed to
‘ 25 the panel (2) to protect the transducer.
The piezo-electric transducer (9) of Figure 14 has a
disc~like piezo bender (27) fixedly mounted by its periph-
ery (31) on the surface of a panel (2) e.g. with the aid of
an adhesive, with the central portion of the bender (27)
30 freely suspended over a cavity (29) in the panel (2) such
that only the periphery (31) of the bender (27) is in
contact with the panel. A mass (25) e.g. of plastics
material is attached to the centre of the bender (27) with
the interposition of a damping pad (30) of resilient
@ 35 material, e.g. of an elastic polymer. Thus an acoustic
signal applied to the piezo bender will cause the bender to
vibrate and thus to launch bending waves into the panel.



to a panel surface. Thus the transducer (9) is nmounted, by way of &hq,“ ,
former (18) and resilient suspension (17) on a thin substrate (14%7 foF redgh
with a self adhesive outer |ayer whereby the transducer can be nounted in
position. 10 Accordingly, particular device aspects of this inv- ention

i nclude an inertial vibration transducer conprising a voice coil assenbly
has a tubular nmenber and a coil rigidly fixed to the tubular nenber, a
magnet assenbly disposed concentrically within the voice coil, and resi

15 ient means supporting the magnet assenbly for axial nove- nment relative

to the voice coil, the voice coil being adapted to be rigidly nounted, to
a di stribut eWORYY2 radi ator: where the resilient rreaﬁgT’ﬁ'g%?’ i se

opposed el astoneric nenbers; the aX|§ ends of the voice coil nmay 20 be
cl osed by caps; and the resilient medns may be nounted on the caps; the

coil may be npy n%,.eid,eoef%étea bBNENe ft@ﬁiesaafcertfbeehume@r byemrmgo formthe

voi ce coil asse apted rece rrespondlngly
shaped cavi tyt %X’teﬁe df gct ¢ PRRS & 292 58 mcorer?ﬁe lts H’leq:r esilient *25

means, say each c'B‘erFF%‘t?d&ﬁe’éﬁﬁﬁwwemGBFrﬂP? t F¥pige S5slt§r$’d‘l}|%€|r and
magneti c. shlue,l drat wEYFihmrdi 14 pasept cuet unhem.s eapsliment exl paer st r ay

magngltmffge' t 1gwtblaﬁ&erst h@7ycuz@eat€4ahhaa%%/§%pwlmxl@@s @daatﬁglto ‘be
rigidly fixe o a era n e enbly may
conprise 30 &Y §%d %éner a?‘f%t/h §i £ {E kgi) % gératQ 1@%{}9& %ﬁhery of one
of which is dicdpesed? wFhif ﬁrﬁﬁﬁﬁ%ﬂ&PécePﬁeiFﬁnF¥ﬁ§ fﬁlé@tthﬁqde£§senbly, t he

peri phery of ¢(21¢ etbecowfectbd chogether py exesormenngasor (3d wiith a fl ange
arranged to 'fe%iﬁﬂéﬁceaﬁpmt;op@dbd(b@) %Jéemlémdatﬂ&wwm GRchObdnaassenbl y;

and/ or ¢ heo 35 65Lhd e WRIRClTRY beisangiifies, DRlGSRaRLgT the pol e

I eces an ri se
20rrp| enent ar ySHPRNAED SSRETHICEEQN AAE f’%ﬁ gefediye 1(5‘9“&)7-\*« 2006 VO g?/ 09842
PCT/ GB96/ 02145 58aggordssEivh| ipestiouleppdsvice fazpest obf t tielsr dawvat or, 3(1
nmeans tying dfeoAeanRahaés $aNRhéas ah 0giAe of QraRbfilteRUhdving a

plate-like piezoelectric bender and means adapted to mount
15 the bender on a member to be. vibrated, the arrangement '
being such that a substantial part of the bender is spaced
from the member for movement relative thereto; where a mass
may be secured to the said substantial part of the bender,
which may be of crystalline form, say disc-like; the mount-
20 ing means may be disposed centrally thereof; and the mass
may be secured to the periphery of the bender. Alternative-
ly the peripheral margin of the disc-like bender may be
fixed to the member, and the mass may be secured to the
centre of the bender. A resilient member- may be employed
25 to attach the mass to the bender; and benders as described
may be attached. to .opposite. sides  of the member to Dbe
bending wave vibrated and coupled together by a common mass
to operate in push/pull mode. From another inventive
aspect, a loudspeaker has a distributed mode acoustic
30 radiator with a transducer as described above coupled to
vibrate/excite the radiator in bending wave mode.

Turning to Figqures 16 and 17, Figure 16 shows a
transducer (9) for exciting/launching bending waves in N
rigid lightweight distributed mode radiator panel (2), as

35 shown in Figures 1 and 2, comprising a core (22) enclosed 8
by opposed skins (21), to cause the panel to resonate. The
transducer comprises a coil (13) rigidly fixed, e.g. by



operation. Another inventive aspect is a | oudspeaker conprising,a

inertial transducer as indicated and/or 5 described above, and aOO MAY 2006
| oudspeaker conprising a distributed nopde acoustic radiator and the
transducer being coupled to vibrate the radiator to cause it to resonate.
Figure 13 shows a piezo-electric transducer (9) in which a crystalline

di sc-1i ke piezo bender (27) is nmounted 10 at its centre on one end of a

|l ightweight rigid cylindrical block (93) of rigid foam plastics which is
rigidly fixed in San aperture (20) in a distributed node radiator panel

(2) e.q. b of an adhesive, the said one end o % (28)
proj ecting fr(g%\%?ﬁe face of the panel (2) so that the£g%1}§6’ é‘?%l phery (31)
of the bender (27) is freely suspendgd adja- cent to a face of the panel
(2). An annular ring (25) of plasti cs e.g. mneral | oaded

pol yvi nyl chl aeike oitSad ia@hebive, ok atleteutishes per hphanyfedmechei1 i ezo bender
(27) to add gRpsg, Jsont?dl rx?o%aﬁfréopgeé&éfQSe téit‘:“znpgel%o ﬁ%@%a Thus when t he

20 tfansducer s énerdize an acoustic si i ezo, bender (27)

vi brat es and*8tF #§"ft s Has§- ?a%cﬁ@%”soé’ﬁdiaﬁgep‘iﬁéfvéghﬁsi’rt P#Re panel (2) to
causg the paréé) t o2 seanedt é18nds prajdeed knd pad afepdesaddiisti ¢ out put.
The transdycene (&) whidy ibedneveried ahy iz dosmdehonitnngtd 2exiphd ch is fixed

to st et#log@té Ul AlEELod BF LHRBSELF6Ened N80! ‘3%8 ggect“ c

t ransducer ) fixedly
mount ed by |P hererdhH hl%’?yha(%f) p8ﬁ”i.’l}?§a§uﬂa&‘@§ ¢P%4 EABFeE A% e.g. with the
aid of an adhesdunrd, thi chii Hd3tentThalmagoetiassenply her@#éiertl(éﬂ) 30 freely
suspended ov@hgRetcaub} Yand2@dldsn (LAE iganelntled) o5 Ul pidwat (onlryy t he peri phery

(31) of t.h@ taemserof( ?a7)f1'x§m1]n(93fon£%qt o &thlh%rpagea plfés -(25) e.g. of
pl astics ggh IS atta g}f &gé di %h‘t 7) W|th t he
|nterp05|t|oﬁ' f apcfgﬁilﬁbr R &S Fi"éerﬁ 3% °5? of an
el ast pol y®apel TRis é['r‘i‘eaé’di}%l @3) seeppai sephl P@npltemeqmmp@m bender Wil
caus he bewrdethieaded inemdbrs gad, 32)usadho hhainyC heddENdofyy wawvest i nto t he

panel _ 09 NAY,2006.46% 940954 1RCT/ £B3ALO2 A5 5 FBokdlhisiged! fect of the

;[rngpg'l h S (?Eeﬁn{ g QXer ozf_:1 hl%h lEeQ\ 8 rela\é'eal;ga ns% a face olgetlpéass (25) to
panel (2) on the side of the panel opposite to that on

which the transducer is mounted. A spacer (127) is trapped

between the transducer (9) and the panel (2) to spruce the

transducer from the panel. This transducer (9) operates by

20 locally resiliently bending the panel between the fixing

(93) and the former (18) when an acoustic signal is applied

to the transducer to launch/excite bending waves in the
panel to cause it to resonate.

The transducer arrangement (9) of Figqure 17 is similar

25 to that described in Figure 16, except that the transducer

comprises complementary push/pull drivers of the kind shown

in Figure 16 disposed on opposite sides of the panel. A

fixing member (93) is arranged to pass through an aperture

(29) in the panel (2) to tie the two transducers together

30 and to the panel. The fixing member (93) comprises opposed

generally complementary parts each formed with a head (95)

which are clamped against the axial extremities of the res-

pective pair of transducers (9) to couple the drivers

together. The complementary parts of the fixing member

35 (93) are secured together by complementary screw-threaded

portions (94,96). The fixing member may be of any suitable

material e.g. plastics or metal. In this case, the trans-



The transducer arrangenent (9) of Figure 15 is simlar to that oﬂjﬁi@ﬂqugg
14 except that in this enbodinent a pair 5 of piezo benders (27) are
attached on opposite sides of a cavity (29) through a panel (2) to operate
in push/pull node. In this arrangenent, the centres of both benders (27)
are connected together by a comon mass (25) with resilient danping pads
(30) positioned between each bender 10 (27) and the mass (25). Such
transducers are relatively sinply in construction and are effective in
use. Accordingly, particular device aspect of this inv ention includes an
inertial vibration transducer having a plate-like piezoelectric bender and
means adapt P ¥#Mbunt 15 the bender on a nenber to BEVCRPEPUHt ed, the
arrangenent being such that a substantial part of the bender is spaced
fromthe menber for nmoverment relati v thereto; where a mass may be secured

to the said g\g‘_bﬁs% antiA (B"i‘rtis?f:iz%f&?%g@%ﬂ%%d tg\hhﬁ% 1b?2be&F;y5tal line
dd o

form say dis ke, t un ns | sposed ntrally
t her eof ;  and™¢HE ?r§§égnﬁ€£7}85e( 2écfi-dd T’f?eggg?trirﬂ‘fer Bf-1P14 bender -
Al t er nat i ve- bétweehethisePppHeeaf ther ppiesofil4)haddaeent tRethsepder- nay be fixed
to the nenbetureandsf hevhereslsy rvy beamsacodeeok®s t4e laGedH en@indg he bender. A

resilient jreghars MY, ben&MplRedy23ob0 Aldsaeled MR L 05 t B Pender;” and
benders as descrlged ma{\‘;}é e gtt%éhgg . tg -(%glgosme. Sides.. of. the
menber to bePdHn8F R Rat® PRBF A°8d *RhFOLbiR™BET t bifdrher by a conmon mass
to operate in pudh¢epidirghbdepartiemhazndeniae jaspeets af thdpetrv- a | oudspeaker
has a distri butiod Mdedacowibretidd tedisabeyr Wot Vildate asduber, as descri bed

above coupl ed, b0 5 \WinR0AL A BEfdinG Fd\R heHAt O o Qaiaeagén yeyg& mode. Turning
to Figures 16_and

exciti ng/lloauﬁ{:‘nihﬁ&il’{geﬁg’%a%ér' \?\'fél#gg{‘“r)f’m%?fcgel égﬁnég%lg@ldh?’ sdlicag{’?jilbut ed node
radi ator pan&tgidty fixed3® gngwelen MepBen.ckhe agaemilly betnsg pddmg a core (22)
encl osed byteppoesed sisedast2ile shod cirtseot hehepaBvmberd,0 ah@sonal €. Thg
transducer CoIHdtSESshbeP! donlpkBtind BpHbded BXEEL1i%eIpotd dieced S t O M
% 006 . .
the periphery of one of which pole pieces is arranged to be
15 disposed with and adjacent to the voice coil assembly, and ‘
the periphery of the other of which pole pieces is formed
with a surrounding flange adapted to surround and to be
disposed adjacent to the voice coil assembly; and wherein
the magnet assembly is adapted to be secured at its centre
20 to the said member to be vibrated; and/or the transducer
may comprise fixing means to secure the magnet assembly to
the member, and/or the fixing means may comprise a faste-
ner adapted to engage in a. cavity in the member, and/or the
fastener may comprise a spacer for spacing the peripheries
25 of the pole pieces from the said member; and/or the vibra-
tion transducer may comprise complementary voice coil asse-
mblies and magnet assemblies adapted for mounting on oppo-

sed faces of the said member, and means tying the centres
of the magnet assemblies together for push/pull operation,
30 say by a fastener having heads at opposite ends and adapted
to engage the respective magnet assemblies, such fastener
preferably comprising a pair of interengaging screw-
threaded portions, and having spacer means adapted for
disposition adjacent to the fastener and adapted for sand-
35 wiching between the respective magnet assemblies and the
opposed faces of the said member. Another inventive aspect
arises from a loudspeaker of distributed mode acoustic



WD 97/ 09842 PCT/ GB96/ 02145 _ 60 means of an adhesive, on the outsit& S¥Ya2006
coil fornmer (18) which is rigidly bonded to a surface skin (21) of the
rad- iator panel (2), e.g. by neans of an epoxy adhesive bond (16). A
magnet (15) is enclosed by a pair of poles (14), 5 one of which is
disc-like and is disposed with its periph- ery close to the interior of the
coil fornmer (18), and the other of which has a peripheral flange (90)
arranged to surround the coil (13). The magnet assenbly including the
magnet (15) and poles (14) is nmounted on the panel (2) by 10 neans of a
fixing (93), f metal or hard plastics, which p ough a cavity
(29) extendf%éyﬁﬁygugh the panel (2). The fixing (93 cong@?ges

conpl ementary pair of threaded nenbgrs (91, 92) each having heads (95), one
of which heads bears against an outer face of the transducer 15 (9) and
the ot her of :uiidrhgadsndieat RGRhHS tiadsate0bstd@crdtebbé? on the side

of the panel cSHPILAl L b D8 ten M adthl o ttohg JeeARRMC ELadimpIDLNt €. A Spacer

(127) is tra transducer (2) to spruce

t he transducer Re8AT4iTe pasiges Thit® F?ar’r‘gé tertg s °‘b”gé‘r &fB&L by 20 locally
resil.iently bendlhwgdsmkpan(sﬂl)bﬂmem}t lsémiiaxi hg th@®39f Fdadurdme fornmer (18)
when an acpust bedstgasd ins vapph i Bk dietiiRtbd alsalligahel O(2aunch/ excite

bendi ng mveﬁgg& U en PANEdnd0) GAUSE e 0T £30RALE. (sB1° h Il duCer

arrangenent gure 1S SIm % ESCFI in Flgure
16, except tREf Pordg %\?Fsddté'?‘lc%o’rﬁpl“i%@*ée"ccﬁmﬁeéﬁﬁ tdoﬂ'ﬁ)‘rﬁagﬁ? bul | drivers
of the kind shédeusoupd FRidgatinglBanfils pbsadthre gppbkient sishensddn t he panel . A
fixing nenber(3(9ﬁ)tdr§oﬁéd’ aegeeknt @hpassspebt ughanslaperther and’?9) in the
panel (2), o g h&nts\e@ué{eanwuaﬁrssahggﬁim& 20 a0d d.3eihg,panel . The

1 xing e B8 o RATL AT o (14 N BRAT BERY ﬁiﬁ"?hg”ii‘f Pl em 1 es of

formed with &
the rgms- pecwrpyel pbir bf d5iy¥ABdBEeits (G trapedipter t(9¢ dompted t oget her.
The c Ierrenhalyy padtexcabsidedyfomkionginerbesandd (H3ptad @regety ed t oget her

by conpl eﬁenfegﬁynéacrfa&akmlea@@dprmw Qn%@%f%@auenwe afaozsgegc menber may be

8]; f‘,& abl gpu .f.e the’ ;%nef)l(ﬁt 1venmta'3y a separate rgr?'se the trans

ducer (9) to produce an acoustic output of lower frequency,

so that the loudspeaker can readily encompass the whole
acoustic spectrum.

Figure 19 illustrates how a distributed mode panel (2)

20 hereof, or example of the kind shown in Pigures 1 and 2,

can be driven to resonate by a pair (70,71) of transducers

(9). The smaller one of the transducers (70) is a high

frequency piezoelectric transducer, e.g. of the kind shown

in Pigure 24; and the larger one of the transducers (71) is

25 of the electrodynamic kind, e.g. as shown in Figures 9 - 17 '
The transducers (70,71) are driven by an amplifier
(10) coupled in parallel to the respective transducers with
the interposition of a step-up transformer (72) and match-
ing resistance (73) in the line to the piezo transducer in
30 view of its relatively high voltage requirement. Figure 20
illustrates how a distributed mode panel (2) hereof, e.g.
of the kind shown in Figures 1 and 2, can be driven by a
pair (70,74) of transducers (9), the transducer (70) being
a high frequency piezo-electric transducer e.g. of the kind
35 shown in Figure 24 and the transducer (74) being a low
frequency piezo-electric transducer of the kind shown in
Figures 13 -15. Reference (75) indicates that the trans-



WO 97/ 09842 PCT/ GB96/ 02145 61 ducer device (9) is rigidly clanped t(fetﬂg., n
panel (2) by neans of rigid pads (19), e.g. of hard plastics, posi v oned <006
bet ween the panel and the poles (14) adjacent to the aper- ture (29),
wher eby the transducer works to | aunch bending 5 waves into the panel by
| ocal resilient bending of the panel between the pads and the coil forner
(18). Accordingly, particular device aspects of this inv ention include a
vi bration transducer to vibrate a nmenber, such as inducing bendi ng wave
action in a said nenber here- 10 of, having a face, wherein a voice coil
assenbly has a coil rigidly fixed to a tubul ar rrenberp t he assenbly being
adap- ted toVB&¥¥ed to the said face of the nmenber, PSHEPWPIE nagnet
assenbly conprising opposed disc-likg pol e pi eces, the periphery of one
of which pole pieces is arranged to _% 15 disposed with and adjacent to
the voice ]?O'd'ucg-x.sﬁe_?'p'i)é, wﬂ%t&@&v&_@ﬁrd Ealb@g Yo0fndra@s OGN 1 fr tvd] gh pglte N
pieces is for Wi S g a .Q_surround an o be
di sposed adj 4 8nEratngaﬁ%svgﬁfgugoil‘{éggélsv:éﬁb%/%qla%gg&ﬁérggi 0)tﬁc’e magnet”
assenbly is abaph Sde¥ o?Tfe COBREAE 4% Raralidnt FethFFesdstie 4aBH nenber to be
vi brat ed; andhoergdsedttrapsduicer a freguensypdi Bl inigxnegrarans to secure the
magnet assgnbly t@ gutd@inENietragdtdhéd atdi theidita ﬁ&ﬁnﬁax{@y}ﬁpﬁpri se a
faste- ner aqapled 10, SNEAQRs a8 SR Yo [FLoh0Es TPIRAT, and/ Rl the
astener may Conprise”a spacer Tfor spaci nq{f e peripheries 25 of the pole
pi eces from BR&VEMIRY femier: (ARdi%r OEh&18F 1rAYnaRiS, LrPpRsE8ESr may conpri se
conpl enent ar y.yoiafe th®ikinds ssthownbin Fsqured Pegndt dBesehbinsdscadapt ed for
nounting on QpRP-isSeftdde@sadla hign &ae@em?b&rwear%anean@xufsng the centres
of the rrag ef[loxfavssn%wgur?cse,tQigeq.leggrtlfeo by ﬁgchul(léi gpesr q‘x*:gnr&ed?’aos say by a
fastener having heads at opposi te ends an adapt9 d- o engﬁge t he

o]

respective mgriel AELBPHFY e¥TiVEiCcADE adt eHerhighr dP&VEANFeconPP? sing a pair
of 1 nterengagirags@ceesy (65, €2)d@depdriveorns, paral ledvbn@gnsaemldfiemans pt ed
for di spositi@p)agjacentaparitbe {ASt eRcfneandnadeptidd toinsuaper 35 hi ng

bet ween (he [@Fpeaa! by JIBINEha iR R Y185, ATl dle nBbRATC] feg5 OF (he said
t fro?n a fn er

menber. Anot her inventjve._ as e% ar i sles oudspea di st.’but ed
nmode acoud?i CTEEUNIKY Stf§l to the transducer (68).

Particular inventive device aspects include a panel-
form loudspeaker having a distributed mode acoustic radia-
tor and a first transducer coupled to the radiator to
excite distributed mode resonance in the radiator, and

20 having a second transducer coupled to vibrate the radiator;
where the first and second transducers may be adapted to
operate in different fregquency ranges; where one of the
transducers may be of electromagnetic type and/or one of
the transducers be of piezoelectric type; the panel-form

25 loudspeaker may have a second distributed mode acoustic

. .radiator mounted on or in.the first said..radiator, and

resilient suspension coupling between the first and second

radiators, the first transducer being mounted wholly and
exclusively on the first radiator and the second transducer
30 being wholly and exclusively mounted on the second radia-
tor and/or the second radiator mounted in an aperture in

the first radiator.
Figure 22 shows a distributed mode panel (2) hereof,
say as for Figures 1 and 2, intended for use both as a
35 loudspeaker and as a sound receiver or microphone, e.g. for
use in an interactive environment. Although not shown in
Figure 22, the panel (2) is mounted in a surrounding frame



WO 97/ 09842 PCT/ GB96/ 02145 62 radi ator type hereof having a transducer as
descri bed above coupled to vibrate the radiator to cause it to reganatg:. ss
Regarding Figures 18 to 21, Figure 18 shows a panel - forn1|oudspeaker (81)/L
generally simlar to that of Figures 5 1 and 2 and in which the

di stributed node panel (2) is formed with a generally rectangul ar aperture
(82) within its boundaries in which is nounted a second distributed nbpde
sound radi ating panel (4) with a resilient suspension (3) interposed

bet ween the respective panels. The panel 10 (4) is constructed in the sane
manner as t (2), e.g. with a central core (22 sl Ng skins
(21). The paﬁgﬁ£§2) is driven by its own transducer %% &%gﬁﬁied whol | 'y
and exclusively on or in the panel (4) at a predet- ermned |ocation to
produce a high frequency acoustic 15 output, while the panel (2) is driven
by a separat qijraiasis adtactied( ) the frandude arrea3cbiksiti suspenpidn of | ower

freqyency: 39 1 1ahet Q&Aeeugﬁo%akﬁrmgaeeg qaghh Y en@@érm&etb@ whol e
acoustic spect um _ Fi gure ustra;t,(§§i ow a i stri ut ed node panel (2)
n ¥

20 hereof, ors“&R olia tpﬁér 18an1§?150 UHER § G129 %%an be driven
to re.sonate lop af;;apr st7oadimp) f%ﬁmetl(mf-sém’@r)s 'I(hB)PaHPHel%ﬁEFV@F one of the
transducers (tZ)O):esicf:haiﬁe hinghprdduequanayopitezoaitpat rvyc at teamsduecer , e. g. of the

Kind shown i Feqwhel%uﬁngs tdi@nbEddeto AR ezlJJaeb§ran%Q§§§rs (71) is 25
of the el ectroél¥ kind, e.g. as shown in Figures 9 -

t ransducers (7‘6 are driven by an- anplifier (10) coupled in parallel
to the respecti veTlter M3alicetse RRERLashe PALEr posTYiHraRi T sensivd- up
transforner (teE3dpsdndreni€d)-, which emysbdanciezef&)edtmit Heerldens 4® t he piezo

transducen,i qllagtefat%w Qafrlllta@ ra%haué/%wpiudghnvgmtaaqel resldici ggrent . Figure
20 illustrates of the kind

shown in Fi gLf‘ress1 ope gnﬁe?lvgéna’be ccf’"gg'é%’"ﬁy d %L F°rt“?6 %) t‘gf *% r ansducers
(9), e trareydaer (§600) DMIOKBLT aVHIrgRiq cfaapeyresi d#8) ePectre ¢ transducer
e.g. t he lgandl 3fe)shev. ias tamuee didcasskd hesteapdddicsr ag¥dg being a | ow
frequency pi eazqﬁ%sf}cro'reefar&eséwesutgﬁttfaeomkw@cﬁhpyvr}eanton.yres 13 -15.
Refe Celg ighg 'Sé%gi%e£h§§d condiéfyggro?69¢¥{to p@ov1de signal

correction. Such simple loudspeaker/microphone has wide

scope for industrial application, e.g. for use in an inter-

active environment.

Ya)

Accordingly, a particular device aspect of this inv-

20 ention arises as a panel-form loudspeaker having a distrib-
uted mode acoustic radiator and a transducer coupled to
vibrate the radiator to cause it to resonate, wherein a
second transducer is coupled to the radiator to produce. a
signal in response to resonance of the radiator due to

25 incident acoustic energy; preferably with the distribdted
mode acoustic radiator mounted in a surrounding frame by

means of an interposed resilient suspension, and/or having

at least two said second transducers at spaced locations on

the radiator, and/or having a further transducer and means

30 for comparing the signal generated by the or each said

second transducer with that of those generated by the said

second transducer(s), for which suitable comparison means

may comprise a signal receiver and conditioner and signal
output means.

# 35 Regarding microphones, particularly in introduction to

Figure 23, a distributed mode panel member generally as

above and described for Figures 1 and 2 is a good receiver



WO 97/ 09842 PCT/ GB96/ 02145 63 ducer(74) is weighted with a nass to increase
its inertia. The transducers (70,74) are driven by an anplifier (UB)MAD 2008
whi ch they are connected in parallel, with resistors (78) interposed to
provi de a frequency dividing network. 5 Figure 21 illustrates how a

di stributed node panel (2) hereof, e.g. of the kind shown in Figures 1 and
2, can be driven by a pair (68,69) of electrodynamc transducers, e.g. of
the kinds shown in Figures 9 - 17. The transducer (68) is intended as a

hi gh frequency driver and is thus of 10 | ow i nductance, whereas the

t ransducer (“E'quzé_, is intended as a |low frequency driver _and is of high

i nduct ance. 09%% ansducers (68,69) are driven in paPSFE¥%45 an anplifier
(10) with a capacitor (77) in the line to the transducer (68) to act as a
frequency divider to pass nost of t h83 hi gh 15 frequency signal to the

transducer (§8) soli®f tiifiharagpB¥aNt iy e 4aNkee aPPRRLSHT Bobrdepa panel - form
| oudspeaker haV|lng aAdl s%gllbag’tled F{Dgg acgg_stl C _r.ad a- tor ancg%a fi rst .
transducer cBaPted t 8 RETFI At 3r9PESEREi PRUH sEHIUSEFEY ADER resonance in
t he radi at or seasidiydthaAtdg the sebtsagion aydbeeseresadhliyd one edrate t he
radi ator; wpesferhheyfimost anichpdecdrwhding@nsdaashiwcetray ke gadapf ed to |
operate in dpffsdeqntefILAYBACYs IRREESedMSEEI N Qf pldi1styagsducers ‘may be
of el ectronagneti.c _type adnq:/ Qr £Nne of . _the %rans. ucers _be of {)jl ezoel ectric
type; the pa 5?93‘33??%%5“} oUGSPETICEF RAYCHS0E ROTSESRY WErHPRHuUt ed node
acoustic rathat®rRrlibuie§oBPliss frem Haefdistribyted pamRft aibr2- and
resilient suspemsitontiouleisingl Fdewerital hentfputssigmad. seevraémetitadi at ors, the
first transdygefiabsk nch FBSIIRH (W Qtl i1 PN floafX akbHsi t¢e! YromerhPsy, first
radi at or 1aond EP& %gco?gr tra sgyc%{?rgg ?;al ng wh%l I % gnd exgl k?l vel y nmount ed
on the second®fadi-a? tor BN/ 0r ¥ NE%5ectld Y adi*at oP MMUNCEd T an aperture
in the firsParaldi ¥pble the Ranel sitsehfihonidineve| Hin sgefRi@atidinel (2)
hereof, sayaatudlopr Rquiraekent gemheZryifureocteld mbdal dsetbitultias. a 35
| oudspeaker and asufa SEHeRdy F SLRHYEE A Al WaRBNONE cofvértdaOintse I N ® _
i nteractive eayl LORTERLya Al BOVUON, BOL SO IL nEhIBY Ssditea e PANE!L (2) s
nmounted in a surroundin Frame 1 s ! Y Y '
15 optical or electrodynamic vibration transducers, and the
result is a microphone. For non-critical applications a
single sensor is effective, placed at a single preferred or
optimum transducer location. For higher quality, the non-
reciprocal nature of the free air/bending wave in panel
20 member transduction principle concerned here needs to be
taken into account. Two pertinent factors arise; firstly,
providing some frequency-dependent equalisation to reach a
flat frequency response; and secondly, looking to capture
a broader, preferably as broad as possible, sampling of the
25 complex vibrations of the acoustic panel. At least three
transducers-is preferred,- and they can be inexpensive piezo
-electric benders with their outputs connected in parallel.

Alternatively, larger area polymer piezoelectric films may
be applied, say with suitable geometric pickup patterning
30 to define the vibration integration areas for the required
optimisation of sensitivity versus frequency response.
For microphone applications it is advantageous for the
panel to be light, preferably as light as feasible, to pro-
vide best available match between the radiation impedance
35 of the air and consequent bending wave vibration in the 5
panel. Higher or highest sensitivity is achieved with
lower or lowest mass per unit volume of panels. For a



WO 97/ 09842 PCT/ GB96/ 02145 64 (1) and is attached to the frame via Eb
resilient suspension (3) in the manner shown in Figures 1 and 2. & A 2.A806
is suspended on a pair of wires (33), e.g. froma ceiling or on a floor
standing franme (not shown). The panel is driven 5 to resonate and produce

an acoustic output by a transducer (9) which in turn is connected to and
driven by an anpli- fier (10). The panel also carries a pair of vibration
sensing transducers (63), which may be piezo-electric benders as 10
illustrated earlier, and are coupled in parallel to drive a signal receiver
and condi tioner (65) connected to an out put (66). A i bration

t ransducer (@’Q”’ M2t he panel (2), e.g. as earlier di g%ggél 44)5‘ coupled to
drive a filter/correlator the outpu 6fromwhich is fed to the 15 si gha
recei ver and conditioner (65), to provide signal correction. Such sinple

| oudspeaker / igigg pPheagsdirer\V ¢l cussORasf for ithdusidoratiapphogat i on, e.g. for
use |0 an intep; ARL 48 SPMIM N TR lngehEROT Hhlhing BtPakhbeUbar devi ce

aspect of thi's Fon.ari ses as a pane orm | qudspe er havi ng a
distrib- ut ecfeﬁﬁﬂ%g éif&ﬁ%‘?‘icérr APFHEGP ahd® aPAEAnSATRET S gBﬁ I vi brate
t he r.adi at or vibretiesel inodeg zmsdMatesd’ mhbr@encarneyecoﬁwushamucer is
coupl ed tost Rell adkiabhfexdcated GAUCE. DuasSpearal devicepasse) Lo resonance of

the radiator due §Q,,£5%4 nﬂ\fl&gst@&Quﬁfét(fiﬁ@@erdgh{odet)lb@ﬁ@f 3e5yaswth the
di stributed node, acoustic r urrou |ng rame by

dia
means of an inEBtHIEREEY BEFFY en?e’éed?ng’hﬁs Ec’r 5?18‘7"6? P‘la g ® ] east two
sai d second timganericéps use %ibacé@llqdoéa?qid% TnmiexpPhpRg it broe and/ or havi ng
a further trakedueerimnd s@ammadidg Eedmecopamn@igatteehed ghal tigener at ed by

the or eagh § aﬂe eretsa@{'éﬁus@gpmsm t@atoﬁfttwq%epgmar@s ed by the said

second transc for sw a e cor’% on reans ﬁy conprise a
si gnal receiV ég‘ﬁ‘fﬁstl oaH1 1 o) tsﬁu?enmeans *38Regar di ng

m cr ogRones, qfar"‘tilrem &y iengi n?#%u”ctqeéh“!% orFiay fl@oPEtangdilEt r i but ed node
panel nber fyaner @oltysi®n). The panel is shown carrying an array of

four vibration transducers (63) spaced over the panel and

‘ 15 which may be piezo-electric transducers of the kind shown

in Figure 24 below which are coupled in parallel to drive

a signal receiver and conditioner (65) connected to an

output (66). Full-line transducer locations are diagram-

matic, and actual locations can correspond, as to centring

20 of the transducer, with different combinations of the above

indicated 3/7, 4/9, 5/13 corner-related, side-length propo-

rtion coordinates, which, as noted in Figure 3, are topogr-

aphically very close together, especially for 3/7 and 4/9,

and shown collectively as single outlines, perhaps even

25 being reasonably considered as effectively a single "sweet

spot” for a small panel member hereof, though accurate

centring according to those coordinates is especially
effective for loudspeaker embodiments as noted above.

Figure 24 shows a transducer (9) for a distributed

30 mode panel (2) in crystalline. disc-like piezoelectric

bender form (27) mounted on a disc (118), e.g. of brass,

which is bonded to a face of the panel (2), e.g. by an

adhesive bond (20). In operation an acoustic signal

applied to the transducer (9) via leads (28) will cause the

- 35 piezo disc (27) to bend and thus locally resiliently deform
the panel (2) to launch bending waves into the panel.

Particular device aspects of this invention include a



above and described for Figures 1 and 2 is a good receiver 0 9 MAY 2006 WO
97/ 09842 PCT/ GB96/ 02145 65 of sound whi ch appears as acoustic vi br 83 ety 2008
over the panel. A preferably |ightweight panel structure aids

sensitivity, and the vibration may be sensed by one and preferably nore

si npl e bendi ng transducers, e.g. of 5 piezoelectric type as descri bed
earlier. Aplurality of transducers and transducer placenent positions
optimses the quality of coupling fromthe distributed panel vibra- tions
to the desired electrical output signal. Placenment should be in
position(s) of high nodal density, preferably 10 variantly for each of
plural tranRYEML | nboard of the panel, while the b‘é‘i‘\‘é‘%"?’ﬂ‘ﬁelf shoul d
have the preferential actual or eqU|vaIent geonetry for good nodal

di stribution. Sound energy incident &n the panel is converted into free

mode bendi ”%V}@ie fnbl;n@&w&onmmrmn P8 afe&q@ubad mbaeORLL LAl or

el ectrodynam ¢ vibratio cers S crophone. For
non-critical® pf‘?“&fﬁ%’ﬁs g e§F di"é E@ﬁfg‘fc?r e%&? 58??1/%1 'frﬂalc,yed at a"single
preferred orandpremsiverari®dteemempriatpoprodnge Sisgapal G}@aF?-’:Iy t he non-

reci procal neidér @oOfeddn@nte et ahe/ benddirnGuaanes indipentelacalstwber

transduct izon, oy gcl Rhe ﬁ&{ er gggfg}_ggey ng@lq,% tidul€eq t BKED ERfQ account’. Two
perti nent fact one frequenc%iﬁdependent

(0]
equal i sat | o R LR o) i B bt oo TRos ey SR s e $58s | ooki ng o
capture a bawiadeortheyecheingbpy 1#esbrivadsaigl Foaridwcers sﬁr‘rﬁpﬁqﬁ} of the 25
conpl ex Vi br eddaiisnlont te Aehest i napanal furthdretsinsibese ont tmnsducers is

preferred, - ahflelNEY (t88ucde & @eﬂﬁlrxs?aﬂsezeo re%Bﬁ‘EﬁJe‘ erbanpders with
their outputs n%onn ct ed I,n ernative er area pol ymer

bl zoel ocbr | BeRE gt Bebat fpietsd SGHRR. AR Mn aRR8E d (C b ckup
patt erni ng 3ecmrgried e sHenali Benarased it &Be atdidn fareier fsfrshe reqw red
opti m sat i ondwfersensht ithat yo¥etisuse fgeaqraredy hyespensaid Eeansd crop q

b as

applicati O”Sdﬁéer'(§) ad‘é@i‘éﬁﬁ%%’&nﬂa?isémﬁe&?@%yt&nﬁb‘éiéé igpnefera
l'i ght as fea5| vaj | abl e nmatch bet wee the radi ati on

i npedance oef’wFﬁeaggr cgnac;l an% qt%he SR Py RAV e § T at F8¥h in t
panel . Hi @heﬁll Y ippEpfeneds @AY atig) ’!e‘}“bf—‘% T3 P fettifift hightweight

panel having a cellular core sandwiched between skins, and

the or each transducer may be a piezo-electric device.
Figure 25 shows a eeiling tile (36) of the kind adap-
ted to be supported in a grid-like suspended frame (99) to
20 form a suspended ceiling, but which is formed as a loud-
speaker (81), generally of the kind shown in Figures 1 and
2, that is to say comprising a stiff, lightweight multi-
mode resonating panel (2) having a core (22) enclosed by
skins (21) on both sides. The panel (2) is mounted at its
25 periphery on a resilient suspension (3) of foam rubber
- which-is supported on-the-frame- (99).. The suspension.-(3)
may be attached to either the panel (2) or to the frame

(99) by means of an adhesive, but the connection may be by
gravity alone. The panel (2) carries a transducer (9),
30 e.g. of the kind shown in Figures 7 to 12, to launch ben-
ding waves into the panel to cause it to resonate to
produce an acoustic output.
In a preferred example of good quality, the panel (2) *
is made as an expanded polystyrene foam core of typically
35 100g/m3 density, 8mm thick, skinned with hardened aluminium “
alloy skins of O0.1mm. A soft foam or felt strip, some 3mm
thick is fixed to the perimeter to provide a partially



| ower or | owest mass per unit volune of panels. For a 09 MAY 200319}{\!% .
97/ 09842 PCT/ GB96/ 02145 66 single transducer, calculations for t 1AY 2006

t heoretical nodel indicates an optinmal arrangenment including at |east one
sensi ng transducer |ocation at a panel corner since all vibrational nodes
are 'voiced' at the corners .(though not 5 well driven/excited for a

| oudspeaker device hereof). . Figure 23 illustrates a distributed node
panel (2) as a said nenber hereof, generally as for Figures 1 and 2, as

i ntended for use as a sound receiver or mcrophone will be nounted in a

surroundi ng 1) and attached to the 10 frame Vi 3chghd ent
suspensi on ( g)%#ted in Figure 23, but see Figures 1 aé]d;aiké The frame is
suspended on a pair of wires (33),¢8.9. froma ceiling or a

fl oor-standing frame (not shown). The panel is shown carrying an array of
four vibrati complmsducertsing68erspdeeel cverthe heeigdmne| fzangs addwhi ch may be
pi ezo-el ectrifsbr AISAUEST SuffrebHeadd Bds 51N viBrdtigHr en 2% idehow which are
coupled in pafrra},nllgg{] Ao lcj)rl ve a signal receiver and condi ti oner (65)
connected to % Ful | -1ine transducer |ocations are diagram

matic, and act uaIAIRﬁf’aFF fea'h CorFELRHERS ats tD WHRTY APVaBI of t he
transducer$ wioih Hhefrtedlerfraggivisenamiitdng ISt ¢re 3dhpoweice etiidated 3/ 7, 4/9,
5/ 13 corner - reimat edpeddnde; | @OgWAL Or pgver rHananimordithatt@s, cehich, as noted

in Figure 3, sﬁe& chqgghl)aggl ﬂfé ngngp@(lr Lase ﬁog&& 8k o apgﬁéal ly for 3/7

and 4/9, an own coll'ect|v as sing e out i nes, per even 25 being

reasonabl y cORIPEEAEGTE e@f”r%ﬁﬁil oRt yeut sﬁer"i‘ fRo mayeakso Bey Rondedr 5 gl |
panel nenber digeebly, thothsh reeelr dde 2 (,reﬁﬂiler*ig deecorrdiing téng hose
coordi nat s ishoespeeiral sy viefd-asEhatm ch Drpdopatisipeaker dendndionent s as not ed
above. Fi gureii_%gﬁ WS a transducer (9) for a distributed 30 node panel
(2) in crystalline ke ezoel ectr %r for r§27) nounted on a
di sc @#18), e.g. BfP GB? on W%h ﬁatilé’nb@nh%‘ﬂ PRt & FRE g}' ¢ Félpanel (2),
e.g. an azﬂﬁebﬁv@a%welth 20)plappigspdpam i epyedanraresusesed dogrdl applied to
t he transducekate®jalyi ahl@ndsy (1d8p avlibhtausey tfee13bayerezsr dise (27) to bend
and t@s hgcaldi-5&h 1 8RIJaA Hpf Obuncokeppanel i f2eibd Launghsbendi ng waves
into the panelleduced maximum sound levels are obtained, still more than

sufficient for personnel announcements, voice overs and

background music distribution. The wide area coverage 1is

maintained.
20 When metallic or carbon conductive skins or cores are

employed the speaker may be earth bonded or grounded to

maintain EMC screening of an installed structure.

Accordingly, a particular device aspect of this inv-

ention arises as a ceiling tile for a suspended ceiling and

25 incorporating a loudspeaker, the tile being in the form of

a distributed mode acoustic radiator, and a transducer
being mounted wholly and exclusively on the radiator to
vibrate the radiator to cause it to resonate, preferably
with a resilient suspension the periphery of the radiator
30 and by which the radiator is supported in the suspended
ceiling, and/or the radiator being a stiff lightweight
panel comprising a cellular core sandwiched by high modulus

" skins.
The essence of the aforesaid partial cutting/inner
» 35 framing feature could be applied analogously to such as

polystyrene foam ceiling tiles, say as rearward ribbing
defining desired operative area within which preferential



Particul ar device aspects of this invention include a 09 MAY 2006 VWO,
97/ 09842 PCT/ GB96/ 02145 67 panel -form m crophone conprising a di 8¢% Mt 8606
node acou- stic nmenber and at | east one transducer each coupled wholly and
exclusively to the nenber to produce a signal in resp- onse to resonance of
t he menber due to incident acoustic 5 energy; the nmenber preferably being
nmounted in a surr- ounding frane by neans of an interposed resilient
support, and/or there being at |least tw said transducers at spaced

| ocati ons on the nmenber, and/or a further transducer on the nenber to
produce a signal in response to resonance of the 10 nenber due to incident
acoustic ene™P7%#d/ or neans for conparing the signafCT§BEREEed by t he
said further trans- ducer with that of those generated by the said trans-
ducer(s). Suitable conparison neans P8y conprise a signal receiver and

condi tioner and signal lgégbq% @pgg,aﬁmqe&S di stributed node acoustic
menber may be a kA |% 1 ﬁ'd‘ﬁscp gvm a cellular, core sandw ched
bet ween skins, an®Pch fe G é’é%ht’t Pan8RREP Ry U 4°Fi 858 Peétric devi ce.
Figure 25 shofmamg, cehdssig. t ¥ eaq@Eriefbafifdeki ndhaderp-ireedreakdre support ed
in a grid-1ikansuspendetady an@ fa39he tplaced ihopsrxistspadedkecai | i ng, but
whi ch is fgrgga%f%e SadRtdle FRP A 1P s 9O B! %iy?@fu Naddin M shown ih

Figures 1 an 0 yht mil ti -

c
node resonat i¥f} ‘ff‘gﬂ’ (gﬁgl‘r’fﬁﬁi‘%'a g%{“élf’%Z)ceé H%séﬂa gs (21) on
bot h si des. Tmehpmnmst@z;at@nﬁouﬁt erpyatrepd sy bepmade ey éﬂSia?-r esilient
suspensi on (3antf freasar webdscorabédhpaidtedassppapérdd eo dehaef riame- (99-)

The SuspenS' %mié)e L b@elqaaacm&atlea@iotnh%tm& P&k {&hntor to the
frame ﬁé ) an_a eae{ t‘i onnec |on may he by gravity
al one. p%r?é‘ls ??)“%%‘H“%% ‘a t¥EIREd 8'@‘?9‘9(553536“’ d"PHFE (1R ki nd shown
in Fi gures 7 Regfopmance | aunCATPALSS diitd v@RiAPSIagmD ofie oeafAetYReo cause it to
resonate to gyealece wicacaust vexryodicpgile.l N Adspr ehiritest exargtee of od
quality, the &l%%%'aiv%}xtades 1H9é$%n&5diéﬂr%89%qv29|ﬂﬂrsiﬂé %B@uiﬂ%m cor Wof

typically 35 1009 ski'nned Wit en d al um nium
al l oy skins of? ”GQ akﬂrsoﬁyfc(gﬁ’g{nﬁfl?'élc’lf o prteddhgsy and ®
15 wide angle coverage means that in a typical large area ins—

tallation superior acoustic performance may be achieved
with around half the number of conventional installed loud-
speakers, with a great saving in installed cost.

Figure 27 shows a visual display unit (137), e.g. a

20 computer monitor or the like, having a screen (37) formed
in any desired fashion, e.g. as a cathode ray tube or as a
liquid crystal display. The unit (137) comprises a box-
like housing (101) having opposed sides (102) each of which
is formed to incorporate a multi-mode acoustic radiator (2)

25 generally similar to that described above with reference to
Figures 1 and 2 to form loudspeaker (81).

The housing (101) is moulded from plastics and the
opposed sides (102) are moulded with generally rectangular
relatively thin rectangular areas, in comparison to the

30 general thickness of the housing, bounded by grooves (100)
to define the radiators (2). These areas (2) are stiffened
on their inner faces with a lightweight core (22) which is
backed by an inner skin (21) to form a rigid lightweight y
multi-mode radiator panel (2) of the kind described above

35 e.g. with reference to Figures 1 and 2. The grooves »
effectively define a resilient suspension (3) of the kind
shown in Figures 1 and 2 and the surrounding housing (101)



thick is fixed to the perineter to provide a partially 09 MAY 2(90%'\\’/@' 2006
97/ 09842 PCT/ GB96/ 02145 68 conpliant nounting when placed in the ceiling
frames and also helps to suppress any possible vibration in ceiling

fram ng sections. A preferred formof excitations is.a unitary nmoving 5
coil inertial transducer with a 25nm or 38mm voice coil, 6 ohns inpedance,
40 watt power handling, with the coil bonded directly to the panel
surface. A conpact cup type nagnet system encl osed and self sealing nmay

al so be bonded directly to the panel via a resilient decoupling ring 10

chosen for i | br o- mechani cal properties and di nensional stablllty
Dependi ng on ‘R@ﬁ%ﬁ)‘éat ion, a low cost formceiling til Egﬂg R4 ade with a

pl astics foam cored paper faced boarq material, which may have a |ight
alloy foil layer for fire 15 retardancy, driven by | ow cost piezo vibration
exciters- Reduesd tmxirawd spund |ewehss@icer oBhaiHedn sédddaaf®é € than

sufficient fQ,ri%ﬁert‘gggﬂqllgsamggwenﬂgaghea/oltgeeggﬁar af?éld v@ac]&ground nmusi ¢

di stri bution coverage IS mal ntal ne en netallic or

carbon conducfPUP/ LS &’F“ﬁ’d}gega& ‘"éméf’rp'ftt‘fy@a“?]rfetgp‘é%‘kse?r *he% be earth
bonded or grdgndetPnage teaPRedics EMBcsBstlenwepwdf. an installed structure.
Accordingly, a papdrtcthlar dexiceecafspestoothidiiaverdioneidlneds i Ses as a

ceiling tileyhighan 5&53&%9%91@%&.&;;1@5%9 a 355;41%90 e%@r{i% | oudspeaker ,

thetllebeln In t I c radiator, and a
t ransducer g&Fh ﬁﬂdﬁ‘tlgg]%\,ﬁocﬁlsfl%cfcéﬁ%? dgl’Vé‘We%‘n f‘ﬁﬁe‘r"aﬁi?%\t or to

vi brate the rfladﬁa‘tﬁ)ﬁa’f'@eéaﬂée“qﬁpeﬁbe? €oBPIitBéng & 8 eyrnibnted wpdd a resilient
suspensi on t heopeticplredsatol idte tradéd@icer méknangounteahwidliyhend adi ator is

SUppOrted1d)ne&@?uﬁ%@?ngﬁdth&efdd'iﬁ%r a{@/»%rkbg Eﬁ’é’ Aldle P' py 2 Sti ff
| i ght wei ght Lan el canpr esc’n recfl core sandw.c 3 I gh nodul us
skins. The eS€BRZe* Bt A& orés% °5ap Y AR UERS rf@Ff‘ﬁ'Perr e%?)gf rani ng
featt‘ coul drbegsgipMiBR té‘ﬁaP?)‘b‘éﬂS}yetgo emc,%tasnal wall thereof,

and/or the radiator comprising a stiff light-weight panel

having a cellular core sandwiched by skin layers, one of
‘ 15 which skin layers can be integral with the housing:, and/or
said one skin layer being thinner than the average wall
thickness of the housing, and/or the external wall of the -
housing being formed with a groove which surrounds the -
radiator and which can further usefully afford a resilient
20 suspension in coupling the loudspeaker to the housing.
Figures 29 and 30 show a lap-top personal computer
(128) having a keyboard (137) and a member (130) incorp-
orating a visual display screen (129) and which member is
provided with an opposed pair of loudspeakers (39,40)
25 attached to the visual display member (130) to adapt the
computer for multi-media applications and the like. The
loudspeakers (39,40) are formed as thin rectangular panels
hereof which as indicated at (39) and by arrow ‘A’ may be
slid from the position of use indicated in the drawing into
30 a storage position in the member (130) through a slot (82).
Alternatively, as indicated at (40) and by arrow ’'B’ the
loudspeaker panel may be folded about hinges (34) from the

-t

° position of use indicated in the drawing to a storage
position in which the panel (40) overlies the screen member
c 35 (130).

Each of the loudspeakers (39,40) hereof is formed as
a lightweight multi-mode acoustic radiator of the kind



pol ystyrene foamceiling tiles, say as rearward ri bbing deflnlng“de$b%egmm
operative area within which preferentlal 0 9 MAY 2006 WD 97/09842

PCT/ GB96/ 02145 69 transducer |ocation can be applied. Such a ceiling tile
| oudspeaker does not require a frane, chassis, or acoustic baffle. The
entire speaker panel is unitary and may be placed in position just like a
5 passive decorative ceiling tile. The acoustic panel is relatively

| i ghtwei ght, reducing ceiling |oadings and aiding installation. It may
readily be nmade fire resis- tant. It can be decorated, painted or papered
to render it invisible in a ceiling installation mnthout significant 10
acoustic i np¥oHEE2. M nor damage does not inpair the PG&BPHIRHANCe as
conpared wi th di aphragm of cone-typg speakers which are very fragile.

Al so inportant is the great advant ée in sound distribution given by the

acoustic panglssPariChbodd SieRMAUAREhON Qf Fh?%s' At ghd i §i bigdypky and 15
wi de angl e cquerage. er %rgﬁe} hggg 4%)a o)ﬂg'fs%ls ar eltfgr 82 hpdelﬁg}:l ation

superi or acodéfic I'eved W f the nunber
of conventi o®are} rf§t) a*f"ﬂ"é&glaoﬁall%lﬁéa‘k‘é%es”% Fh“&"e@r%‘atb%h\ﬁlﬁgsl n installed
cost. Figurevwiihshovigea shestal (2d) spihaypanslt (£)13e)ng esuppoated@t conput er

noni tor orsthesl hde@phbayidigaarsangent (B%Eberf:&ro'?fe%) id¥ apYertbLed fashion,

€. 0. as a Caade fua¥, LG, ok, ﬁo%mha%gpswe%ta {13 BhMeigBl e ant (137)

conprises a DOX- oppo &d each of
which is forsﬁéﬂm’("éhf‘ﬁcf&raﬁ‘ﬁr Ja & ?mI°F|Plr?ﬁ(ﬂéc%rcoﬂs'flfaé‘sfi&%ﬁrat(éi (2) 25
general |y si iis| apuntedt bateagbspandied3sbioyeatn & Ipreééermmoed tppsiFi gures 1 and

2 to formloudspenkenséled Ib&eh%ﬂagacﬁ;l&aaltbSbéﬂatihgledaJersorﬂhpl astics and
the opposgd . ﬁgdg&e(llqg gg?rgg%éjeaql \angiﬁt%gngb& o Tegl uI ar relatively

thin rect angu ar-area eneraf t 8Eness of the
housi ng, boufYEs* b)‘/g’gr%\/e’%e (300 L LusET e r’i‘@r?ﬁé r afli &FB‘P"S“(*Z? These areas

(2) are stifflaakteightt ¢iar i(pelershomsesmay bl positglonedi gier cbee (22)gWhich
is backed byaa&l i nRer sekidunG21)3)t CarfdorfPade r i(@h d tol WyswRE@htnoul ti - Wde
radi at or pa”‘%ué@ﬁeaﬁ%ﬁr?he ki nd descri bed above
15 Particular device aspects of this invention include a .
lap-top computer comprising a combined keyboard and display
screen, characterised by an opposed pair of loudspeakers
attached to the computer, and in that each loudspeaker
comprises a distributed mode acoustic radiator having a
20 transducer wholly and exclusively mounted thereon to
vibrate the radiator to cause it to resonate. The loud-
speakers may be mounted to the display screen. The loud-
speakers may be hinged on the display screen.
The display screen may comprise a housing and the
25 loudspeakers may each be housed in a slot in the display
screen housing for sliding movement between a stored
position, in which the 1loudspeakers are substantially
wholly housed in the slot, and a use position in which the
loudspeakers are positioned on opposite sides of the
30 display screen.

Each radiator may comprise a stiff lightweight panel
having a cellular core sandwiched by opposed high modulus
skin layers, and the panel may be supported in a a
surrounding frame by means of a resilient suspension.
35 Figures 31 to 35 show a portable personal compact disc
player (41) of the kind having a body (85) formed with a
slot (82) through which discs are loaded into, and removed



35 e.g. with reference to Figures 1 and 2. The grooves effectlvely]deL
resilient suspension (3) of the kind shown in Figures 1 and 2 an #hEAT me
surroundi ng housing (101) 09 MAY 2006 WD 97/09842 PCT/ GB96/ 02145 70 forns
the frame (1). A transducer (9) is, in accordance wth teachings hereof,
attached to each panel (2) to Ilaunch/excite bending waves into the panels
to cause them to resonate to produce an acoustic output. 5 Particul ar

devi ce aspects of this invention include a visual display unit conprising

a display screen and a housing in which the display screen is nmounted,

wherein the ?#ﬁ&gg carries a |l oudspeaker conprising,a, Jbut ed rmde

/
acoustic rad a and transducer neans nounted whol |y an"gﬂgié}z exct usi vel y on

the radiator to vibrate the radiator,fo cause it to resonate, preferably
wi th the radiator being integral wth the housing, e.g. an external wall
t hereof, andfssmttre rdyat oandc@optisl ngtaosd i {137)1 gt whecighthegpanel havi ng

a cel | ul ar Cgigyhe%a@gwbgéﬁ@e@y SN l@é‘%r?upﬁ% %ovﬂd@awauem SKin layers can
be int egral t sed alg:)us ids eé{e %I onetﬁe ngyg{ e| g t hi nner
than the avePZBEMaP*Ft R ckRESEe 3t he hdudl nd e ahdl he'€xternal wal |

of the housPhReIEPRY THPREE (1% h PAngRD dve %ﬁ?%’rFes&li%ﬂn% e radiator
and whi ch scapléysxt heét) deefandwychftherplager esiThe eludsPéakaxrsped®i on i n

coupling theatoudspapkey 1o thexbomsived.wikhJehes p28y e%ndax&ﬂ Show a | ap-top
per sonal CO”BUEG,{ggd( 15%8)"2 qﬁ\ﬁ:gg(g %xggaépvﬁ(?p@’s #gn Sggnber (130) incorp-

orating a visua rowded wi th an
opposed pai er‘F“’Teo&dsﬂiéaRIé?r Lxtand A@O)p°52*51°élt YR i Elﬂhée vi sﬁfal di spl ay
menber (130) ihdicetaptbyt hero“t:(ﬂr'putm therexrahddd peslitdoapihiecddyons and t he

like. Theyp lasfisqreakersiayd?, M) abmad AoMee: as tah'ch'Eﬁqt angeiar panels
her eof whi ch a:!a’lghgatt‘% ?Iou(iggé r}g béws)lr r oW jﬂ‘p %gansl id fromthe

pOSItIOﬂ of US ate avmn I'nt o asorage p03|t|on|nthe
(130) SERFTAIA"a sl ot (82). Alternatively, as indicated at (40) and
by arm™w ' B' t he Eacbuafspeaalkerelydneh londsirakénd ddd) disoautdilktniges (34) from
the positioated rsde ddilsed edaidtorhgerdodMdedetd 1§ shd/ad8s fOSition in
whi Cf& heléjaaggux(ego)l Qxycfrzl ' e’ﬁmtshgar.srprl%ﬁ&]sﬂg%ﬂp?rcomprises a rigid
lightweight panel (2) formed from a cellular core (22)
enclosed by skin layers (21), the panel being mounted in a
surrounding resilient suspension (3), e.g. of foam rubber,
which in turn is mounted in a lightweight rectangular frame
20 (1) e.g. of plastics. A transducer (9), e.g. of the kind
described with reference to Figure 24 is mounted on each
panel (2) to launch/excite bending waves in the panel to
cause the panel to resonate and produce an acoustic output.
The transducers (9) are positioned on the respective panels
25 (2) in predetermined locations as set out above.
Figures 34 and 35 illustrate a portable compact disc
player (41) of the kind comprising a body (B85) carrying a
turntable (86), operating buttons (137) and a 1lid (139)
hinged as shown by arrow ‘D’ to close over the turntable.
30 The player (41) is provided with an opposed pair of loud-
speakers (81) in the form of thin panel-form members which
as shown at (40) may be hinged to the sides of the 1lid
G (139) to be movable as indicated by arrow 'E’ from a closed
position (not shown) to the extended position shown. Alt-
w 35 ernatively as shown at (39) the panel-form loudspeakers
(81) may be housed in a slot (not shown) in the lid (139)
and slid as indicated by arrow ’'F’ between extended and



35 (130). Each of the |oudspeakers (39,40) hereof is formed as a (¢ MAy Jous
| i ghtwei ght nulti-node acoustic radiator of the kind Ii ~= MAY 2006 w4
97/ 09842 PCT/ GB96/ 02145 71 descri bed above with reference to Figures 1 and
2. Thus each | oudspeaker (39,40) conprises a stiff |ightweight panel (2)
having a cellular core (22) skinned on both sides wth surface sheets
(21),.the panel (2) being supported at 5 its periphery on a resilient
suspension (3) of an elasto- neric material which in turn is supported in a
l'i ghtweight surrounding frame (1), e.g. of plastics. A transducer (9) is
nount ed on each panel (39,40) at a predeterm ned posi- tion as di scussed
above to | au¥t?@%*t te bending waves in 10 the panel (BfME¥SHi#duce an
acoustic output. The trans- ducer (9) ‘{Xzy be as illustrated herein. A
decorative |ightweight cover (not shd ) may be positioned over the

panel (|2) sgr E%té@)p?ﬂ@i%ﬂ?h@%éﬂ otfottgpwwl-fcgﬁn 159%&%%%%@2 g m%ﬁter
Particul ar deyigce pect . . i.nvention include. a -

conprising a %)ér:fbi‘%id?fie%/b%asrt l%‘?m‘%?“df‘_‘%% aafo,‘fgg}cee’_:r{alﬁﬁ%’? glcoetrg?’ip'sed by an
opposed pair Bk GABY pAikEPeakest FaRpIEGeE o tHg1i ohisiitupiginganel t hat ~ each

| oudspeaker ¢onpfied drdmsaricbulwdrnades a¢orst écloasd abpr skavi ng a 20

Lo cause | £ 1 ot e P ek REUE ot £ e RTid [ (rspiay
. - . Spe .
Soreon. The | St iane fiesEHELoR L0 "RAEIS (R BRRETL VBEFLG The di spl ay
screen may cohprl 48 "RUALSiiRg® dhabtwrd IhbFersarmdeskeiagently eeh be housed
in a slot in eheeldstidsay Astnegedudesusdngefor .ofstheikigd daxeemssdt bet ween a
stored posihtivptfh réfendacs hed he«;d&udfﬂmaﬂﬁ&fn\%ﬁar& ?ﬁéftplagég 3'2'%1;06}/\20;'%
(! | (o) |
ngfS?ohgdltooﬁlidpn%%gf%qgi %@qg?%’% 1%0&)2% SSP%) TSR agﬁner adi at or may
conprise a stFPFeFPRAHEWRIYRECPMIfR AFQYFHE QuiRit. uIThe ExAnsdseariwi ched by
opposed hi gh tddwrespositiinnédiycar she aredpedie vieapaielisay 2 peims appart ed | rba
surroundi ng faaeRe WytHeaashidg def&¥ | | ent suspensi on.
Particular device aspects of this invention include a
15 portable compact-disc player having an opposed pair of .
panel-form loudspeakers attached to the player, each
loudspeaker being of distributed mode acoustic radiator
type hereof having a transducer mounted wholly and
exclusively thereon to vibrate the radiator to cause it to
20 resonate. The portable compact-disc player may comprise a
body portion having a turntable and a lid adapted to close
over the turntable, the loudspeakers being mounted on the
lid, say hinged on/to the 1id. Alternatively, the loud-
speakers may each be housed in a slot in the lid for slid-
25 ing movement between a stored position, in which the loud-
speakers are substantially wholly housed in the slot, and
a use position in which the loudspeakers are positioned on
opposite sides of the 1lid.
In Figures 36 and 37, a cabin (102) of a passenger
30 vehicle, e.g. an aircraft, railway carriage, motor coach or
ferry, has rows of passenger seats (103) into the backs
(203) of which are incorporated loudspeakers (Bl1). As is
conventional the seat backs (203) are shells moulded from
a suitable plastics material. As shown more particularly
35 in Figure 37, the moulded backs (203) of the seats (103) »
are moulded with generally rectangular relatively thin '
areas (2) bounded by grooves (100). These areas (2) are



35 Figures 31 to 35 show a portabl e personal conpact disc player (88 My 2006
the kind having a body (85) formed with a slot (82) through which discs

are | oaded into, and renoved O MAY 20 6 WD 97/ 09842 PCT/ GB96/ 02145 72 from
the player and control buttons (137) by which the player is operated. The

pl ayer (41) is provided with an opposed pair of |oudspeakers (81) in the
formof thin panel-formnmenbers (40) hinged to opposite sides of the 5

pl ayer (41) to sandwi ch the player. The | oudspeakers (40) are sized to be
co-extensive with the player and are arranged to be hinged fromthe cl osed

position sh Figure 31 to the extended position, in Figure 4 as
i ndi cat ed b)c/wz?trgir/d(g)‘sv‘\‘/2 C. In the extended position, the gﬂ%ﬂ&‘/&%ﬂ(%') of the

pl ayer (41) tends to act as a central,baffle separating the |oudspeakers
(40) to inprove channel separation. Each of the panel-form | oudspeakers
(40) is a di stiffenedted thote iasetiSaices vadhad Qigheweaaght ganaerat |y and/ or as

in 15 Figuggse 1(2@2dw121ch-rh§'5ba%§ﬁﬁ' ﬂ)pléqspx%iﬁegkﬁprrg h) S&° £Brh! P d
l

i gh h | | osed by ski
|'a$e?2’e'(81§ PR paRhiRaRE A bEEAR oA L AP Dkt 16 PFREn:  suapensi on

(3), of tPoa’#F?lhbb‘bHﬁ “\X,ﬁi"élwnl rfenaratliys argdudiewirdsn a andght wei ght
rect angul as featecul@rlyretatr. ofhelg@sdvess (100)t epfmdti¢ely @@¥ine. g. of the

kind descri laeéewltﬂanr: ehpeRsRnt 93 Fl AHdr %n@ﬂsurffo&m%eg’eﬁg bsé‘g]é;l fgnre'es f) ﬁét .

to | aunch/ ex ves anel

and produce g%gko g V}%am H}The t 585%‘3& d ? €-Fre BOE %ioned on the
respective p&faf sdeSCQSbe(dZ}nl%tﬁPed@FE%% A8 R ttashed Gﬁse%@ panrelout above.

Fi gures 34 and)35oi Lawsthr areezciver babimgocomupect imi e papbbyeto (41) of the

ki nd conpgé Sicagsé tlseﬁytc( &aorﬁ&%r t’é rt&oaucet WhNiRRke1d %‘é)cpufper ating buttons
(137) and a Iid (J39 ggd as se over the

turntable. 30 The ﬁf'la St-'r‘-’ltesr 8v ?i‘é'é \%ci"ﬁ ‘?1°"5’5%’0% S4BT of | oud-
spealgm s (81Pitf dRE ?’d‘Pr’n &1 YBRth ap&ﬁ’é‘{ﬁnﬁb?‘?ﬁlnﬁﬂwypmiémma?s shown at
(40) y be Rongsukaker tdrévsgiutdets @R)timwmburmted(i38)pdakebe(rmyad e as

i ndi cated by sapb@Meabor k05 §8680584ning (104). The normal conse-

15 quence of this is that the sound radiated by the drive unit

(42) is directed towards the feet of the occupant(s) of the

automobile, matters being made worse by directional charac-
teristics of conventional loudspeaker drivers.

‘In Figure 39 an automobile door (140) has a door

20 lining (104) having a pocket (141) incorporating a loud-

speaker (81) hereof. As usual, the door lining (104) is

moulded or pressed from plastics or fibreboard. The lining

is formed with a generally rectangular thin area (2)

bounded by a groove (100). The area (2) is stiffened on

25 its inner face with a lightweight cellular core (22) which

is backed by an inner skin (21) to form a rigid lightweight

multi-mode radiator panel (2) of the kind described above

with reference to Figures 1 and 2. The groove effectively

defines a resilient suspension (3) and the surrounding

30 lining (104) forms the frame (1). A transducer (9) e.g. of
the kind described in detail for Figure 24, is attached to

the panel (2) to launch/excite bending waves in the panel

to cause it to resonate to produce an acoustic output. The
wide dispersion of sound produced by a loudspeaker hereof

o 35 will provide an improved sound field for the occupants of

the vehicle, with much reduced local 'hot'’ spots.
Figures 41 and 42 show an automobile (106) with loud-



position (not shown) to the extended position shown. At 35 ernath@ImAﬁ%mms
shown at (39) the panel-form | oudspeakers (81) may be housed in a slot

(not shown) in the lid (139) and slid as indicated by arrow'F between
extended and 09 MAY 2006 WD. 97/09942 PGI/ GB96/ 02145 73 retracted positions.
Each of the panel-form | oudspeakers (39, 40) is a distributed node
acoustic radiator hereof. Thus each | oudspeaker conprises arigid

| i ghtwei ght panel (2) fornmed froma cellular core (22) enclosed by skin 5
| ayers (21), the panel being nounted in a surrounding resilient suspension
(3), e.g. of foamrubber, which in turn is nmounted in a |ightweight
rectangul ar MPAH¥€1) e.g. of plastics. A transducer PFQ’F,”‘%?'Q-‘? of the kind
described wth reference to Figure 24 is nounted on each panel (2) to 10

| aunch/ excite bendi ng waves in the péﬁel to cause the panel to resonate

and produce apeacousStig€) oyt Qubarc'grl\esﬁglqn;‘(g@g:)ertowéf%s qﬁgrg%?’ Bkoned on the

respective panels (2).inh accor dance th teac articul ar
devi ce aspect eq‘?uﬁ%ﬁ%’?{eﬁveﬁ‘f iw(f}ﬁflinlhecInﬂ*t'j‘lg4 z&p‘,i% ﬁ%’&r? % &Rgifade- di sc pl ayer
havi ng an opgdgédeddiondbfudinaphndly- means ofuds pbratnsahtxidchdd)to t he

pl ayer, each intoudepeaieas bei prpanteda sitdrbut pdifroste 1@aaEsdakersadi at or type

hereof havinggd)!r aRagHa%e, MEHNEEEE MICAL MonaDE £n@X CORLYEE Yol F?feon ig
vibrate the radlﬁltor P Qe er-10 resonate. The portable conpact-disc
bo

shiown urgg :{Bt 8%1'8 '4é)20 .
pl ayer may céfpfise a d’y porti having a turntable and a |id adapted to

close over the tRAREAHIBY .t AcPIGLECaReYicehappertmedntets dmvthe |id, say
hi nged on/t o enltéon iatisdé taesr Ravehially, hdviagl ®ushssepgak ebapiamneaech be housed

in a slot inhe bi dodaebestdrd 0254l 5§11 BRVEIGdke ELARERC ar J%@P position, in

whi ch t he sed.in the slot, and

a use pos%éiog: pF?\ : :SEL‘S?H%B% gt&%g%dzgggg"g&kﬂl‘ d‘S@lic}]{l&OHg HiFlUSopposi te sides
of the Iid. HYSEY gjft é91e352&F37t0 avidapteyeredry e zapbatoanged 30 vehicle,
e.g. an aircraise itaitbwesooate. alis radiforCOAC deointdgREL Withas rovvs‘f
passenger segfagsénde3) sddtt Ontth@ PAG%Se or with a door into the pass-

enger compartment. The radiator may be integral with the )

15 interior of the passenger compartment. The vehicle may ‘
comprise a plastics moulded component in or forming part of
the passenger compartment, and the radiator may be integral
with the component. The radiator may comprise a stiff
lightweight panel having cellular core sandwiched between

20 skin layers, and wherein one of the skins is integral with
the moulded component. The said one skin may be thin in
comparison to the average wall thickness of the component.
The said one skin may be surrounded by a groove in the
component, the groove defining a resilient surround for the

25 radiator. In another aspect, a vehicle component comprises
a loudspeaker having a distributed mode acoustic radiator
and a transducer mounted wholly and exclusively on the
radiator to vibrate the radiator to cause it to resonate.

Figures 43, 44 and 45 illustrate an electronic key-

30 Dboard musical instrument (137), e.g. a piano, comprising a
body (138) supported on ground engaging legs (139). The
body (138) is formed with a keyboard (140) by which the
instrument is played. In conventional fas_hion the instr-
ument is provided with a signal generator connected to the

35 keys and with a signal amplifier driving a loudspeaker,
which is a distributed mode acoustic radiator (81) hereof,
see Figures 1 and 2, incorporating a stiff lightweight




. . . .UQ.A“’/\_‘Y n
(203) of which are incorporated | oudspeakers (81). As is conventi dnal”'t 806
seat backs (203) are shells noulded from a suitable plastics material. As
shown nore particularly 35 in Figure 37, the noul ded backs (203) of the
seats (103) are noulded with generally rectangular relatively thin areas
(2) bounded by grooves (100). These areas (2) are 0 9 MAY 2006 WO 97/09842
74 PCT/ GB96/ 02145 stiffened on their inner faces with a |ightweight
cellular core (22) which is backed by an inner skin (21) to forma rigid
| i ghtwei ght nulti-node radiator panel (2) of the kind to which this

i nvention g and Figures 1 and 2 5 particularl .. The grooves
(100) effecﬁ?‘géﬁg&%efi ne a resilient suspension (3) a%ﬁ’ﬁ/éﬁ‘g’urr oundi ng

seat backs (203) formthe frame (1).. A transducer (9), e.g. of the kind
described in detail herein, is attacked to each panel (2) to launch or
exci te bendi ngctemgelar pahbe (@anedhuntied bylQ teap&s phBeyn in0 ar ¢samat € t o produce

an agoustic wﬁ RUtn & GHESrp38ed oSt ISy hen@IVENS) O} adpysti ¢ aut ono-
bi | e door (140 a !tgar\{\gyuchra 9_c;oné\l/lelntl ocgaslc co-eaﬁ%‘pee Q#}gt oni ¢ oudspeaker
drive unit (239)% F&2hBSEEQ T n &8RS fﬁf% ¥ HDA®AEECYT® pressed door
linigg (104) to THEURBF al2Pe ohseAs 15hQyBenthe dPudsneskes t8iat ferms sound
radi at ed By the biseveofurtik bpdP) (i38)di r eagede t osvar dsisthetdseein of the
occupant (s) gfedtieniAttbPrRRi! Rsi BB LRESARhPT (TB4L MPLSS:1RY, A recti onal
charac- terigstigs, of _conventi || dsvpeaker grlvers_. In Figure 39 an
aut onobi | e dg rtch(af48)S o d‘io%gr ° égtﬂﬁ APR® BPOY) (HiR)i B3VEDSeket (141)
i ncor por at i n§e¥P9adAd(149pealddr FBY) 1pcuppprtedsoy fiyant kags (bl |ining (104)
is noul ded and pregsedidedomiphast paslefofn Moebosratter The1) ising is forned
W th azgej_“oerg%@?/fsggggﬁnggla{e if‘é&uﬁéﬂ@ ]£2) b_o;JEdedI by ? g_rog;/e (lllool). The
core (2) which T8 iadfiestRerl (Bu MSholdR ©rlefy {GRHELAY, o7 Y
| i ghtgei ght SLHAIPPESHALS 20PLREF TRddaroq PRoek (RhaoRpERE #¥skys bed above
wi t h Tef er enperipheFy gur esuiraundiflg rBlsgligpmaostespehfrat i(yeleyg. def i nes a
resilient sugpaSu®Bef 3)thdNGudde@sssl NRAUINL AhpodPed 14K RO GEPA- forms the
frar’r‘ 1)1'5 Al}.kreanéxda?n%er(sg ,9) e?q.g'ofOfmedium density fibreboard. A
transducer (9), is attached to the panel (2) to launch
bending waves into the panel to cause the panel to resonate
to produce an acoustic output. The arrangement is thus of
the kind shown in Figures 1 and 2. The transducer (9) will
20 be driven by an amplifier (not shown) which is connected to
receive signals produced by depression of the keys of the
keyboard, in generally conventional fashion.
Particular device aspects of this invention include an
electronic musical instrument having a keyboard, with a
25 loudspeaker comprising a distributed mode acoustic radiator
and a transducer mounted wholly and exclusively on the
radiator to vibrate the radiator to cause it to resonate,
the radiator being generally as herein, e.g. as a stiff
lightwe'ight panel having a cellular core sandwiched by a
30 pair of high modulus skins, a frame surrounding the panel
and a resilient suspension supporting the panel on the
frame. The electrical musical instrument may have legs
supporting the instrument above the ground and the radiator
may be provided at the base of the instrument. The
@ 35 loudspeaker may be positioned with the radiator
substantially vertical. The loudspeaker may form a ground
support for the instrument.



the kind described in detail for Figure 24, is attached to the p:@ql ‘g%)”"ﬂﬁ
to |l aunch/ excite bending waves in the panel to cause it to reson g et
produce an acoustic output. The w de dispersion of sound produced by a

| oudspeaker hereof 35 will provide an inproved sound field for the
occupants of the vehicle, with nuch reduced |ocal 'hot' spots. Figures 41
and 42 show an autonobile (106) with [ oud 09° MAY 2006 WD 97/09842

PCT/ GB96/ 02145 75 speakers (81) in a parcel shelf (105) towards the rear of
the autonobile. It will be noted that the parcel shelf is divided

| ongi tudi nally by neans of a structural rib (43) intg two areas to produce
a s'?ereo paiwg Xﬁ"’budspeakers 5 (81). Oherw se, the E%%?P@{Eﬁlﬁtlon of the

| oudspeakers is as shown in Figures,;,39 and 40. Accordingly, a particular
devi ce aspect of this inv- ention arises as a vehicle having a passenger
conpartment withiqureoutispeakerates divehdidauhechimedei@qusigd.caradi ator 10

type hereof aqelnatasaaltsrpaﬂw%eomyart@ﬁg %%Juysﬁ@ﬁefodwswhéefe% y on the

radi ator to VI br at e radi a a r ate. The

radi ator may"BelPH sepe a‘fr ef°f"ﬁs aParq' 8 sté‘r? gf" gf‘c? nt4%R& ?rgtﬁhé?l e or with a
door into th@nﬂa@é “@ﬁb@re c&?ﬁa%?%ﬁ?ak%éahadisaﬁ@an%@/ tpeptavt-egral with the
15 interier ife s opasixengtiorcesyar thent spehisabyveoakentsays thenpri se d

pl asti cs mu&m@n@@mw@%el rﬁhrﬂ@rfptf msngo DR Spé}fate%he TRESERRYEr
conpart nent, (1%9 e radi component. The

radi ator nay CO?FDI’I steheamgghlfnfe 1 lhes\/\ég h'?c’rﬁ'ﬁhe?mﬁla\?lrnﬁh%ellilkﬁl ar core
sandwi ched bfé%e\ﬁéeﬁewnéﬁ’i“n“r%{‘)er§r°@iﬂ$ \Fﬁé?‘é‘i% caaebf (13% <kidns is integral
with the nolilsgedsexowpbleEnt(14Zhe Fakdlendepsdiiar NMBY) hemphidesi @8 conpari son

to the g\igr Q%t\ﬂ@édlatrml(ilﬁﬂﬁ%igﬂé Eb@q.dCQEt[in’ﬁmted meeS%&'ia%? skin mlay bte
surrounae r (0] n ov erining a resilien
Py 9328 Benillsifs | SORRENTE o8 255 Bafti g

surround for In an nponent .

conprises 12YEEHdLHEMePOHLIRFRF athe PerehbRAEY HPERORESLEIGWdr adi at g and a
t ransducer nm;npenhpmmrlqp andesiXdleusi suspgngiont i), o.a9di 6f Boat0 Vi br@ e t he

radi ator to &awse. i tThtaOsﬁ@%QB%rﬁ 1sFin&H{t%§ #3.a %c%u‘ﬂ?r'éxjaﬂét rate an
el ect ronllg kﬁx mg"ﬂ,gﬁa,{ﬁj {Héskfc?nt ' rﬂggptof( ]t%e)xhacquge O%I ano, CO.“ sing
Thus the loudspeaker is of the kind described in Figures 1
and 2. Visual information, e.g. in the form of graphics
and text, may be applied to the panel (2) as desired. The
panel (2) carries a transducer (9) hereof to excite bend-
20 1ing wave vibration as resonation to produce an acoustic
output. The machine will incorporate the required signal
generator to produce the necessary messages and amplifier
means (not shown) for driving the transducer (9). If des-
ired the device can be made to be proactive by arranging
25 that the distributed mode panel (2) is capable of use both
. @s a loudspeaker and as a sound receiver or microphone, as

shown in Figure 49.

. t .

The panel is shown driven into excitation a piezo-

electric transducer (9) as shown in Figure 24, which in

30 turn is connected to and driven by an amplifier (10). The
panel also carries a pair of vibration transducers (63)
which also be piezo-electric much as in the same Figure 24

which are coupled in parallel to drive a signal receiver £
and conditioner (65) connected to an output (66). Another
35 vibration transducer (63) on the panel (2), e.g. of the %

kind shown in Figure 6 is coupled to drive a filter/
correlator the output from which is fed to the signal



body (138) supported on ground engaging | egs (139). The body (138 %i §AY 2008
formed wth a keyboard (140) by which the instrunment is played. In
conventional fashion the instr- ument is provided with a signal generator
connected to the 35 keys and with a signal anplifier driving a | oudspeaker,
which is a distributed node acoustic radiator (81) hereof, see Figures 1
and 2, incorporating a stiff |ightweight WD 97/09842 PCT/ GB96/ 02145 76
rectangul ar panel (2) nounted by its periphery in a frane (1) with an

i nterposed resilient suspension (3) and driven by a transducer (9), all as

described a 4h reference to Figures 1 and 2. AEmg t he
Ioudspeakerq?g%/&# orns 5 the base of the body (138). |_g€¥%‘é itlustrates
an electronic keyboard nusical instgynent, (137) quite simlar to that of

Figures 43 to 45 having a body (138) having a keyboard (140). The body is
support ed onrkreiver/egulitider (69d te prvideedgnal lcoarperisin. f or m

| oudspeaker @8l)lesst @nelbf bk tsupgnidersf 1§ Neorraghrddmakn Tha | oudspeaker
(81) "conpri SG8xfaf 1k fhlok GbNEL0He gl%é%'%%gamg ystic radiator

panel (2) nounte g surroundi ng resi |ent suspensi on
ERET

(3) e.g. of foarﬁat%b‘i}g‘rar ‘F B PPt EFIPRe  baffl e- 15
| i ke framed (@pndingg, maghi pes irRogensd tipgf jagtdbwandouskict denscescer (9), is
attached to tbeeqmnelg.(2) the faawneh 1ob@§wangrmue&ﬂen§&ﬁdae gr@anel to cause

t he panel to oust t rrangenent is
thuspof thepf:§§ﬁ1§%e1nf59m5¥igg%ﬂc@ﬁﬁg i h%’%n%lft%tﬁgd;'celpg(c@ﬁ \?VI 'l 20 be

own in ur e
driven by an g f‘%er °Fnbt® §ﬁ Smﬂa‘teﬁe’r% A SPRECge T Re Btk ve signal s
produced by GeﬁPfe‘s%l #nskAret pe 4(@9@1@4 ah@rofestbdar He disrgeset.al | y
convent i onal wbashipenatddantdmsut ar sdbstititg ahpenitic0é drhpsoduayery i on i ncl ude

an el ectronie dikpersda, RSAdYMBNY. Qaadlrﬁgf@eéaemba?arnqsm‘éﬁuttﬂoﬂs— 25
| oudspeaker gg ising,a di s%srl%tée oustic radiator and a
transgcer Eﬁm {7\% M3 and”® exel gﬁret alllpgiﬂ‘gat ¥Pi%% vibrate the
radi ator to Eaﬂ%‘é‘ilcf‘t’t%‘ r SSBYRILENtLY h%elqnadiwatlbra beiswglgdaepkdy y as herein,
e.g. as a st phhel laf §btdeei ghithpareeliahew,i Bgy ascel $t4far 1 oit@esardwi ched by a
30 p' 0fs hipghe MIAVLMP aSkbMu1a2 ESRMBandiiCRM el G RADE of,

skins, the panel being surrounded by a frame and mounted in

the frame by means of a resilient suspension. Such vending

machine may comprise a body and the frame may be attached

to or formed by the body; and may have a second transducer
20 coupled to the radiator to produce a signal in response to

resonance of the radiator due to incident acoustic energy.

Preferably, at least two said second transducers are

provided, at spaced locations on the radiator. A further

transducer may be provided on the radiator to produce a
25 signal in response to resonance of the radiator to due to

incident acoustic energy, and means may be provided for

comparing/conditioning the signal generated by the said

further transducer with that of those generated by the said

second transducer(s).
30 As introduction to Figures 50 to 52, the acoustic

panel technology of Figures 1 and 2 and generally hereof

can be applied to the design of normal board material

» commonly used for notices and display advertising, the
normal processing of these boards e.g. lamination, screen
" 35 printing or spray painting, being unhindered. The board

itself may thus be specified, dimensioned and electro-
dynamically driven to operate as a wide coverage acoustic



and a resilient suspension supporting the panel on the franme. Th 1AY

el ectrical nusical instrunent may have | egs supporting the |nstrunén{ 2006
above the ground and the radi ator nay be provided at the base of the

i nstrument. The 35 | oudspeaker may be positioned with the radiator
substantially vertical. The | oudspeaker may forma ground support for the
instrument. 0 9 MAY ' 2006 WD 97/09842 77 PCT/ GB96/ 02145 Fi gure 47
illustrates a vending nachine (108), e.g. a drinks dispenser incorporating
a | oudspeaker (81) whereby r the |oudspeaker fornms part of the front face
(109) of the vending machine. The | oudspeaker (81) is arranged to prov 5

i de audi o i nMO#8¥8420n as to the di spensabl e contents JCTGR®2HEChi ne and/ or
the manner it is to be operated. The front (109) of the machine carries
the normal coin or the like freed nﬂ@hanisn1(143) product sel ector panel

(137) and _di.sBegesis 9uﬁé1eta (flée)1ouﬁuse$}m+dspﬁéksdcn(8&) ms&mrteses a 10

rectangul ar ghtwel g dé sst rnls ? gg | at or (2)

conpri si ng aaé’ R re ( Py RS- il rsﬁlWa ({/ g s(cﬁ'f)re 58th faces t he
panel being sll?rﬂsbr‘tl‘eéoa%m“?% fopetibiety br? §Ivand FREFR Ssd@spensi on (3)
e.g. of foammayubbeserviheatsmspersl vnlure teuet=ecich taghegt atgglar franme 15

(1) nount eg 'dlatgekéﬂigaﬁciﬁiﬁeofjégikcﬂfaﬂdhﬁléEaQBbﬁékdh%Qsﬁu51érggs the *
| oudspeaker Irse_leva:;[th%{) ﬁtf'gfg&st I qu':eﬁ[}ifé gir_]dxse[ %o &e nat\brealzual

i nf or mati on, Pplied to the
panel (2) as dd-éﬁ??*’eed‘ a??l‘ésmﬁaﬁﬁl ?n RHOPPElt ef Pf‘ aﬂ?d@é%?l ($pehereof to
excite bend Alistogtimgyveeffieotat iodn becaleswrwatiagn tef.pafcctdlune ameacousti c

output. The nRgRhaM | A suHzeaReraAt 9h§ﬂ%ai%§t&§§'t§in98@| geperator to
produce the nect((;ssar Fﬁresasc%ggél g%ealngoes St 1B n %&&gt shown) for driving

the transducer evi d8-cl Yt d"™&  proacti ve by
arrangi ng 25 ‘%hlﬁ*aﬁ°‘~t"rﬁ‘edéﬁ"s"c1|bflb’c&“ed mode panel (2) |s capabl e of use both as
a | oudspeaker andLaseralgwerirsd of eseunderandr ofni cregphiped, inpst wiwewn i n Elgure

49. The paneladeSr&iawaa KdrVenyilvehO1éeti Akirofcid aRi &ZAntelligib-
ility. In a preferred form the acoustic panel comprises a

15 low cost structure of paper honeycomb or foam core 3 to 6mm ‘
thick bonded to reinforcing paper, plastic film or plastic
film coated paper skins of 0.08 to 0.3mm thickness. The
preferred drive for an inexpensive design using a flat sur-
face or even embedded transducer, is piezoelectric, opera~

20 ted in bending or mass loaded, vibration coupled férms.
These transducers have a naturally rising acoustic output
with frequency which is predictably and optimally adjusted

to a flat response by a combination of series resistive
drive to the capacitance load of the transducer, and also

25 Dby mass loading of the piezo element (for a given mass the

acceleration is inversely propeortional to frequency) and
via the detailed specification of the mechanical properties
of the board. By control of the fibrous loss factor in the
skins, the visco-elastic properties of the adhesive bonding

30 the skin to core, and the piezo element to the skin by
applied surface laminates, including the backing for the
displayed image or text, and the bulk properties of the
core in shear and compression, the desired frequency
response may be achieved.

35 Where higher sound levels and larger panels are conc- -
erned, alloy or part alloy skins will provide good energy
coverage over the panel, with a proportionally lower loss
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el ectric transducer (9) as shown in Figure 24, which in 30 turn is

connected to and driven by an anplifier (10). The panel also carries a pair

of vibration transducers (63) which also be piezo-electric nuch as in the
same Figure 24 which are coupled in parallel to drive a signal receiver

and conditioner (65) connected to an output (66). Another 0 35 vibration
transducer (63) on the panel (2), e.g. of the kind shown in Figure 6 is
coupled to drive a filter/ correlator the output fromwhich is fed to the
signal 09 MAY 2006 WO 97/09842 PCT/ (GB96/ 02145 78 receiver/conditioner (65),

to provide s&vggﬁkﬁgorrecti on. At |east one of the tr%f'g@?/ﬁé?s\,i S

configured such t wverbal instructions can be given endi ng

machi ne. Particul ar device aspects of,this invention include a 5 vending
machi nes incorporating active acoustic devices hereof, e.g. in the form of
| oudspeaker s fhotot bigurppsmprobdteyr natchiedtd afiighat ippwec oeeniqi Nng t he

manner of OpP&LALi BpeObs {ARsARGR. Nery 1hiS LARE N Sat 1®hno@ vendi ng
machi ne may conprise a store ﬁIer%rt' (il gs or 1product t o_be djspensed, 10
user - oper at ed “RRAAS /1 Or PeBT wct g ot he LaFt SRR GFUBFEHARTE A% 1he di spensed,
neang, e.g. &e8BHERd PRRPThetifesi Qinthat paRel s-thengranssyensimay, be t s
| oudspeakes lugr tiof embddgefl Ny peoteeatawilthicat i TNpmagratiendceBbhy al ong with a
\{gsual fli rs1|ol AMg mae&ui&feﬁmiednéma&@r_,rﬁﬂinagofmm 28Yd 3%ed %;cﬁ; ! ik_ght Weitﬁht
panel havi r e wi ched bet ween alr .o ski ns, e
panel being g@?r%ﬂ%ﬁégﬂﬁﬁ %&%%hﬁéégﬁééﬁ%ﬁg?%%cWEE'?%EQ¥?%ﬁ%c%§ means of a
resilient su§ﬁ€ﬁsidh?mghgﬁa%§nﬁiﬁﬁflﬁﬁ@HYﬁélﬁaylﬁbﬁﬁFFyéQ§eb8ﬂy and t he
frame may be igproxsdedlux dipkadear red by t he body; and may have a second

transducenonO COUgMaRd, txpwt g@sﬁ adamf1ek 60 the OfHiGee douirdW 11l Aot EfSponEle to
resonance o : Qi pei 0 en Y. referably, at
| east two Sai%ﬁg%{%ﬁg%%ﬁsgﬁ%@?@ gge&%ggf)@:&dg%&%ﬁ‘s?ﬁg Fgecati ons on the

r adi r. A fSFEHYET SO ER SRR &9 Hra§ e cheRfv PofRE "gnt § PECYHASGaPHr to produce
a 25%signal the siwpdencwmteot rafstheiowenfedghentr &tle adcoustic gaeel 0 i nci dent
acousti c energyh &dsoPmRs MsbpldveavinledTidaevi&ORBAL MALEONdI tioning the

si gn) gener gneto Brahd@yp@idt back rest, effective even if fabricated
in light card. Certain classes of stiff foamed plastic,
e.g. unplasticised PVC, have appropriate bulk properties
either self skinning or unskinned, to operate within the
acoustic panel theory range. These can be used directly as

20 acoustic panels of this type without additional stiffening
skins.

Figures 50 to 52 illustrate a noticeboard, advertising
display board or the like (48) incorporating loudspeaker
technology hereof, and as shown in Figures-1 and 2. Thus,

25 a loudspeaker (81) incorporating a rigid lightweight dist-
‘ributed mode acoustic radiator panel (2) of the kind shown

in Figures 1 and 2 has graphic information, e.g. text and/

or pictures of any desired kind printed on the panel (2).

The graphic information can then be supplemented by an

30 audio message yia the loudspeaker to reinforce the message.
As shown in Figure 50 the loudspeaker/display board (48) is
mounted on a stand (23) in the form of an easel. Alternat-

w ively the loudspeaker/display board may be suspended on
wire (33) as shown in Figure 51. Alternatively the notice-

“ 35 board may be supported in any other desired manner. As
shown in Figure 52, the frame (1) may incorporate a return

lip (41) to conceal the resilient suspension (3) which is



further transducer with that of those generated by the said second 9 MAY 2006
transducer(s). 30 As introduction to Figures 50 to 52, the acoustic panel
technol ogy of Figures 1 and 2 and generally hereof can be applied to the
design of normal board material comonly used for notices and display
advertising, the normal processing of these boards e.g. |am nation, screen
35 printing or spray painting, being unhindered. The board itself nmay thus
be specified, dinensioned and el ectro- dynamically driven to operate as a
wi de coverage acoustic 0 9 MAY 2006 WO 97/ 09842 PCT/ GB96/ 02145 79 radi ating
panel a flat | oudspeaker. As such, a noderate audience of up to 10 persons
for a smal | YOs®M#dquare nmetre panel or 30-50 persondCHERES 7 to 1.2
square nmetre size my be served at patural volume levels with highly artic
5 ul ate reproduction of speech and a %o background nusic or relevant sound
effecttsg as %@fﬂ#h@@dbet:gégntﬂlet B_@ai‘t"@fat'ééaiﬂéfe?gi?Qe'%?@dp&qgﬁﬁfd-lcdr adi ation
properties o e : storting eff.ec of Jocal ,boundary

refl ections 'ﬁ?%glnmgﬁi%?rllesg%ﬁﬂghbstantpi. g"l‘“fﬁ?.bilsei éﬁf'nso%lgffu%:gfiaosn of a prop 10
ortion of thehdtoddt FETYEnE! dbess R6t PEFxARIPFEGEIT PPrioKTaPrdigche sound

di stributiontypeower | evels of sound and of electrical input power . are
req]yi reddfs:gr a ?ipueaid@ue!,daficarhisp‘wtat b&Nthil QlnkbStLm lihkivae ! ? a- - f -
preferred fo e [ . a ] ow c ructure o

paper honeyc{;){r%)uagr. d?%@%ﬁg?gﬂ%ﬂ?%%ﬁ?ﬂ%%ﬁf Bégﬁéeedvﬁro%?l%i;#k&r ci ng paper,
plastic filnPRAFrastht TP I Colt TRt moRe ACYFLEF FRALREAF 3rm

t hi ckness. Thavingr ef raneduchri peurnted whvlinedeascheidely ghevasdng a flat sur-

face or eventgraeddes theansldess .tol Sad¥eCZOPLEbidrfate PPEU8 BO & €d i n bending
or mass |9a0¢ds fDEAl | O fouRhedel QPR o ThERELLANSAUC G, Save 2
naturally rising acoustic Qutput w th frequency ich is predictably and
optimal |y adiRetE@gtion, LyALayed ISR by YBersonBien HAdbAtH i es resistive
drive to thecomrasetarsdeif ddghtfvwelipbt tneaaddwréng aandlhilag @dreby masi

| oadi ng of tbenquiiesed aleawesi skifriayegsyen sissuridieg Samel &hdita on is

nversely pr ebanlibRBalshend foRGHHIAg A8 paifly 10%ndeAldesd fRecl fication of
the mec alnsl C?ra erx(r)n ;rhtalvgsa return lip concealing the suspension; the

skins may be of or may comprise paper and the core may
comprise .paper honeycomb; and the transducer may bhe a
piezo electric bender.
Figure 53 1illustrates packaging incorporating the
20 loud-speaker technology hereof. The packaging is shown in
the form of a box (111) having a hinged 1id (139), the box,
or at least part of it being made from a composite compr-
ising a core of foamed plastics sandwiched between sheets
of Kraft board to form a panel as shown in Figure 2, such
25 that the box comprises a rigid, lightweight distributed
mode acoustic radiator as described with reference to
Figures 1 and 2. The rear panel (140) of the box is shown
used to form a distributed mode radiator loudspeaker (81),
although any one of the panels making up the sides of the
30 box would be appropriate if suitably constructed. An
alternative placement for the transducer (9) is shown in
dotted lines.
A piezoelectric transducer (9) can be as shown in more N
detail in Figure 24, and is illustrated attached to the
35 inner face of the rear panel (140) of the box and is driven
by a sound generator/amplifier/ battery unit (112} also
mounted on the rear panel. The unit {112) is controlled by



of the board. By control of the fibrous loss factor in the skins %h?n,

vi sco-el astic properties of the adhesive bonding 30 the skin to cék 006
the piezo elenment to the skin by applied surface | am nates, including the
backi ng for the displayed image or text, and the bul k properties of the
core in shear and conpression, the desired frequency response may be

achi eved. 35 Wiere hi gher sound | evels and | arger panels are conc- erned,
alloy or part alloy skins will provide good energy coverage over the
panel, with a proportionally lower loss r O 09 MAY 2006 WD 97/09842
PCT/G8961021 factor which appropriately matched a_hi gher power

novi ng c0|I$? g&%f transducer. The latter has a fla%ngﬁvﬂ *of - frequency
response. v%ere a flat, uninterrupteg, surface is required on both sides of
t he panel, the transducer may be 5 of the enbedded type conceal ed within.
| f magnetic aceweeh foupeidsifegubl Byl wiidh 4 hanbat {530, by hitich. bwen nmi | d st eel

foils may b@lan?ljéqegs UéE!:%Ee&h]% sc‘ﬁlenbéyr EPetS}V%etgtﬁmtdr ggﬁjucer area. A
smal I gain in efficie § gn ng igy %ﬁh rove ux |inkage. 10
Smal |, |ow c5§§ °L 3§ ‘Tr% )| twﬂ ¥ p8at A Iﬁ‘o hig @5 e specific
fram,ng or s@eB$TY éHe A9 AeEmipptidn Pfethe @askl of2) cbsirfaamed opy f or m

suf fici ents dahpiswgyness prfotheambxbyotthatsnepldai endtaactrade t(he doOWer edge of
the acousti ¢ spahlsioN m tdie taur kane gﬁowhslplﬁfg%qegm die gey ce would have

2, 15 oot igle e ook neph SISy Faud Garea T | i

card. Certain asses o
have appr opr Pat PPk Th? offePei BWnetth §éF‘F“§k| ARd rRPU3A, ufki nned, to
operate wit hiemanile, heosbined paceidinpeos ytheangpgniddresescan b used directly

as 20 acoust icentmiel s ﬂhst{uespgmlmﬂ)t“ngug wddhipdanab é{dlgggrg ng skins.

Fi gures 50 t%o dtl éﬂ% Bgtt%ealiric ! 5& QY be’ aza‘ra\{x%re& tsoI Bgeva.elwsgh ay board or
the like (48) corporatl n%
. contents of the ompact dlsc or to provide other inform-

ation relating thereto.

Particular device aspects of this invention include
. 15 packaging comprising a board component comprising a distr-
ibuted mode acoustic radiator having a transducer mounted
wholly and exclusively on the radiator to vibrate the
radiator to cause it to resonate; where the board may be
a panel having a cellular core sandwiched between skin
20 layers, typically a core of foamed plastics sandwiched
between sheets of Kraft board; the transducer may be a
piezo-electric bender, and the board may form one side of
a box, which may have a 1lid; and means may be associated
with the lid for triggering actuation of the transducer on
25 movement of the lid relative to the box. The packaging may
further comprise a signal generator, an amplifier and an

electric hattery.
Figure 54 shows a greetings or similar card (44) inc-
orporating loudspeaker technology hereof. The card is in
30 the form of a folded member having a front leaf (145) and
a rear leaf (146). At least the rear leaf (146) is made
from a composite board consisting of a core (22) of foam
plastics sandwiched by skins of Kraft board (21) to form a
rigid lightweight distributed mode acoustic radiator panel
@ 35 (2) of the kind described in Figures 1 and 2. Such comp-
osite boards are known under the trade name KAPPABOARD. It
has been found that a panel shaped according to the Euro-



technol ogy hereof, and as shown in Figures-1 and 2. Thus, 25 a Io%p§9@gfer
(81) incorporating a rigid |ightweight dist- ributed node acoustic ra iz dﬂﬂs
panel (2) of the kind shown in Figures 1 and 2 has graphic information,
e.g. text and/ or pictures of any desired kind printed on the panel (2).

The graphic information can then be supplenented by an 30 audi o nessage

via the | oudspeaker to reinforce the nessage. As shown in Figure 50 the

| oudspeaker/ di splay board (48) is nounted on a stand (23) in the form of

an easel. Alternat- ively the |oudspeaker/display board may be suspended on
wire (33) aswéhﬁﬂgi n Figure 51. Alternatively the notice 35 board may be
supported in ﬁi #her desired manner. As shown in FiFGHFBS834S ( pe frame
(1) may incorporate a return 1lip (4}% to conceal the resilient suspension
(3) which is 09 MAY 2006 WD 97/09842 PCT/ (GB96/ 02145 81 attached between

the rear faceetherteofiamndAt herpesiisheusdablenr gi nradsdulker p@nehs (2). A

sui tabl e tragagiacam irSg@fe 29NQWNadtAckbdWE tBE: rdar 109 P1'4%50€$ecf”' c

bender - on- di ST ;ttyepgh aﬁ’g{t |25L5_!0ar‘_ngsew.ge‘i asgect scﬁoé thlg i nvention i‘ncl ude
vi sual displ dy° Hpparat 4s conprisi ng & notice v afie™s PRRIM%odd in the form
of a distribafeestsdeEddsustihe Fransgresr (Ahvim@raven disaderakount ed whol |y
and excl uss vekyetatorgowplifoen/battdéry tinet (ath)avnicl Os Gay6L£tddt by O resonat e,

thus be a 10, gudemeakey c¥abel dainbend'sedat 8 ralteresd ig yosual
i nformati on dlg‘lrat)éehéhei wh rise a stiff

; t i at .
| i ght - wei ght 2§ ¥ ggglgglef’ﬁfa&%rc‘g}eeé{ %g%ﬁﬁ%hcg%)épﬁggﬁeﬁtski n | ayers,

nel  havin
a surroundi nyitt abfe '%?r\‘ddgthartesii“l ittt anrepesrandm BBuREdNeg (heoPanel in the
frame; the 1Sufreaumd w3y isaveqwiredt urSuflfiipiexandeapingg of heheseapensi on; the 0
skins mayide igf pfividBY LANPE L tRaNRAIte2Dsh tRBmCRE fonMRYe GREPLL SE paper
honeyconb: angd,lAR:kERNGHYEE ny B IR Send b8E0 o8l SELIA G DANGET, Figure 53
illustrates packaging inc rp0|yat| ng Phe'® 5 oud-speaf(‘%r S&hhol ogy hereof.
The packagi n@“i"'g“ghovm in. the formof a box (111) having a hinged |gd
(139), the box, FRartagulagadevigaraspertstofbehihy inmdetifonomhcdu@aenposit e®onpr -
ising a coregpbefiageedr ptstliks saFlWaify HEt NP1 SIRES boara
15 forming at least part of the card, the board being a distr- .
ibuted mode acoustic radiator having a transducer, prefer-
ably of piezo-electric bender type say a crystalline disc,
mounted wholly and exclusively on the radiator to vibrate
the radiator to cause it to resonate, the board preferably
20 being a panel having a cellular core sandwiched between
skin layers, say a core of foamed plastics sandwiched
between sheets of Kraft board. Such board may form a leaf
of the card, which may have a pair of leaves, preferably
with associated means for triggering actuation of the
25 radiator on movement of one leaf relative to the other
leaf; and a greetings or the like card may comprise a
signal generator, an amplifier and an electric battery on
a leaf of the card.

Figure 55 shows a multi-media audio-visual system

30 comprising a moving picture projector (31) arranged to
project an image onto a projection screen formed by a
loudspeaker panel (32) of the kind shown in Figures 1 and

2. The latter (32) comprises a panel (2) having aluminium R
or carbon fibre reinforced skins (21) sandwiching a
35 honeycomb core (22) of aluminium foil. The composite may x

be secured together using any epoxy adhesive. For a screen
panel size of 1.22 x 1.38m, the thickness of the aluminium



of Kraft board to forma panel as shown in Figure 2, such 25 t hat U 8nBABo&l06
conprises a rigid, |ightweight distributed nobde acoustic radiator as
described with reference to Figures 1 and 2. The rear panel (140) of the
box is shown wused to forma distributed node radi ator | oudspeaker (81),

al t hough any one of the panels nmaking up the sides of the 30 box would be
appropriate if suitably constructed. An alternative placenent for the
transducer (9) is shown in dotted lines. A piezoelectric transducer (9)
can be as shown in nore detail in Figure 24, and is illustrated attached

to the 35 i ' e of the rear panel (140) of the b .S driven by a
sound genergpgrg.l/%%gl ifier/ battery unit (112) also rrgé-ﬁ?% 0%?15 the rear

panel . The unit (112) is controlled gy 0 9 MAI i 2006 WO 97/09842

PCT/ GB96/ 02145 _ 82 a switch fornmed integrally with a hinge (53) by which
the lid (13%kihs megche ex00t oiddvasboxThewherehyithessomayl penemnrator i s

?ct i vat ;ed \m%]@dmee kbth is3z4 idst sa?egdamgh&ba@ gé:sﬁ@mmge%ﬁeﬁ d snsﬂgg Chat
ermnation Q e._pa 0 - corner ._the box so tha
no additional?sf?‘é‘e%'(‘{ga?)‘g %Lgﬁétaéné%nmf%lugfa CRE kﬁ“ﬁﬁ%’%&ﬁ#ﬁ’n Figures 1
and 2 is redSPEERPLC| #5 {9 Pesdndppiiddrated t hat the packagi ng need not be
of the shape shownpair fiestdd der rsgps i ry dwudspdakers eanplaf, the shaped

according toxihe daeuiramant 8i@frdshe 31 coRkeNksngedhbs &R sPagkagi ng night
be shaped to gREL Qe ¢ magﬁan%%to‘&gsé&‘iek'é&%e’i‘”gsz.r{ai{ B85 ranged to
th ac TSC Of 10 provide

preview the ~—contents 0 e cot:;r Vv 6_“teﬁrésr i nform
ation relati ®§ PHEe&: 634)pKPesely) He qubsiddasy mageds oot hg LipAednti on i ncl ude
15 packagi ng agebptt $hagerinponrrengdniiflevterconpriniusg andlicenrbe i but ed node
acoustic [@dimaved imavi tige pokiditaduserlimetried fohalsky ard eust uaquel y ﬁn

t he radi ator .y Jr h I At cayse, 1 1. LO X ere the
board may be Stialé{fa}riepl%sléi(qlda%eélala%gl&&go?g g%énetc}\‘/’mgcﬁégs%g?\%\geen skin 20

a ayi ng.a

| ayer@ typi (f&FPg"téVEo %%/tofa%floﬁh%t& peadt Fhaonel ntRGOCRRE Ohefren sheets of
Kraf t "boar d; fiohesteranpgediionnyThsesubsiglambleldsperkershéhtior mayind t he board
may form one coim@fisef panels (2) having skins (21) of aluminium foil, or

15 carbon fibre or glass fibre reinforced plastics. A decor-
ative film, e.g. of Melanex, may be applied over one or .
both of the skins. The core (22) of the panels (114) may -
be of aluminium foil, e.g. in a honeycomb cell arrangement, “
or may be of paper cells. Where paper is employed it may
20 be impregnated with a plastics material such as a phenolic T
compound to improve the stiffness of the paper. The cell
size may be in the range 3 to émm and the core thickness
may be of the order of 3 to 10mm. Where the skins are of
aluminium foil they may be 25 to 100 microns in thickness.
25 An epoxy adhesive may be used to assemble the panel.
Stereo, i.e. two-channel sound reproduction, involves
the creation of sound stage illusion containing the proper-
ties of source location, perspective and the ambience of
the original recording. Stereo with conventional speakers
30 is strong on aspects of phantom source location and in some
cases perspective, but is weaker in respect of the express-~
ion of natural space and ambience. This is because the
& near point source nature of conventional pistonic speakérs
makes it easy aurally to identify their physical location,
i 35 which in conflict with the desire for overall stereo image
localisation.

It is often said that as reproducing devices the loud-



a box, which may have a lid; and nmeans may be associated wth the.lid for
triggering actuation of the transducer on 25 novenent of the |id Y 81 Hi'vé&lts
to the box. The packaging may further conprise a signal generator, an
anplifier and an el ectric battery. Figure 54 shows a greetings or simlar
card (44) inc- orporating |oudspeaker technol ogy hereof. The card is in 30
the formof a fol ded nenber having a front |eaf (145) and a rear | eaf

(146). At least the rear leaf (146) is made from a conposite board
consisting of a core (22) of foam plastics sandw ched by skins of Kraft
board (21) to forma rigid |ightweight distributed node acoustic radiator
panel 35 (2VO81"%¥4%e ki nd described in Figures 1 and FCTGH¥M2¥Hnp osite
boards are known under the trade nang KAPPABOARD. It has been found that a
panel shaped according to the Euro O Y MAY 2006 WO 97/ 09842 83

PCT/ GB96/ 02145131 shanidaradsagpeatChih€s ihe Sbad@t@ge Alanasgucer (9) as

shown I Fl 0yl 24 5, aLiaslech L0 1heeal, J&aly (146 G ykbrate the panel

(2) to cause I't to resonate to produce an acoustic ou ) e transducer
(9) is driveﬁawt&ngi%ﬁiFtS"’gténgfr eFPBY?%HﬁPPh@FPb%‘ESt-erVP%ﬁanr 112) which is
actuated by aalmwithehsqud8)balamcedticedhe reidhe drul deof of hthecandlso as to
activate tdeoshfs)alscgpdevialcar std@iylyheroalsd the fpRREBErant! sowhd | be noted

that in thi's 3L{@A1QeHRNrooR® (kT ABuEdd s BN diSni £QUI red.

Suf ficient danping of t I'S provi _ material from
whi ch the caft82hts VaBAfdOPldRetiegaProY TE5PIEdi TYLE I tERFYP 6F°%t anding it on
a surface. Phetdeqgkaef devird aspusttic spacehand iambeendeon i ncl ude a
greetings or the mhiekénbal flefta vk MY g0fe GBNPHig1oVEGh PabOdE heolBti®r nming at
| east par%o O%aﬁ&le s?@éﬁrét%‘& hoat ‘!Pl?eh@ﬂtacn%ﬁéfs Wi%heﬁrg%% oustic
radi at or hav ng a r§§§tucer, gr@ﬁﬁr- abhﬁgo p1 ezo-el ectric bender type
say a cryst aFPTREEXIVEE2H1RD PYEEFARNIIALY SHRF2ER AVESi & ¥EYe Ffef¥e radiator to
ay y . . . !
vibrate theepeylizange tapicatbe 10PHE ota @fbhat e The heensoaktbyimefer abl y g0
bei ng a panellofidsgeagen paldlul(ar) cos estandsuspedebebiesispelsion | ayer say a
core of foangd,fl agds)Cpubantirabetiely the panel may be supported
15 e.g. on a floor stand. .
Figure 57 shows how the projection apparatus may be
arranged in a room (145) equipped with seating (146). The
apparatus has a projector (31) projecting an image onto the
screen (32) and also includes a pair of subwoofers (35),
20 which may be of conventional construction, at the sides of
the room to improve bass audio extension and a pair of rear
effect loudspeakers (117) i.e. so-called ambience speakers,
at the rear of the room. Suitably the rear speakers (117)
are also of -the kind shown in Figures 1 and 2 in view of
25 their wide and even sound dispersion characteristics. The
rear effect loudspeakers may be of the same construction as
the subsidiary loudspeakers (114).

A distributed mode panel loudspeaker hereof can have
remarkable non-directional properties. For acoustic repro-
30 duction of ambience channels of a sound system, the energy
mast be widely distributed, ideally from non-directional
sources. It is important that the sound source is not well
localised otherwise the perception of a large ambient
space, the simulated acoustic region behind the listener,

35 1is unsatisfactory. .
Hitherto conventional directional and/or small source
speakers, generally moving coil types, bhave been used for



bet ween sheets of Kraft board. Such board may forma leaf of the g ﬁ\y 2006
whi ch may have a pair of |eaves, preferably wth associ ated neans f
triggering actuation of the 25 radiator on novenent of one | eaf relatlve to
the other leaf; and a greetings or the like card nmay conprise a signal
generator, an anplifier and an electric battery on a |eaf of the card.
Figure 55 shows a nulti-nmedi a audi o-visual system 30 conprising a nmoving
picture projector (31) arranged to project an inmage onto a projection
screen forned by a |oudspeaker panel (32) of the kind shomn in Figures 1

and 2. The (32) conprises a panel (2) having or carbon
fibre reinf o‘?@se@%‘f(l ns (21) sandw ching a 35 honeyco! core ?J;Z)

alum niumfoil. The conposite may bg secured together using any epoxy
adhesive. For a screen panel size of 1.22 x 1.38m the thickness of the

al um ni um Y, ambience, rIFoficti2006 DUE 87 £08 8k e POV YCBREI DA 4 ski ns nmay be
300 njicrons. adt@r cgé@ebhiﬁkneslaiamé beembdp¥n sadiebat h@ ogel! ts8i ze of honeyconb

may be 9.5mm, SRBN sdedudl ] gind Oy 2 AEBS dipn | r?s'tQQn dul us and i's

substantlallﬁgEI I Sotroplc . as f small er

subsidi ary | }S8R Yy t(hff4fp9cﬁkefhgre%lﬁd”lf%’s"ff‘f‘%eﬂ"’ﬁ r?mP?'ﬁ‘tﬁ'ees 1 and 2 are
hi nged on i)ppﬁ)%?qte andj gbeinpfwhohe apprectativanedl theudsitdgkennglanel (32) by
means of hi sgmi (84)awherebylddaaisatishdinay ypoase! soweabubetkinged agai nst

the primary Qﬁ“ﬁ aesgr)u\s@eﬂs AeLwd M;ef:@ﬂ@kh%aﬂrﬂﬁargofqucegﬁ% o the

position as ate for use. sub- sidrary pane are arranged
to recei ve afigh ?‘i&ﬁﬁ?%e ‘respective left and right hand channel
i nformation, e.g.Anf 3Fbienee SerEpRUCANg oY Stahdud ibstidhaene logunsgeeaker s (114)
may  conpr i Seudupeekers 2-cbrdinggtokims tedd)ingk abiyvmiadmddy la or 15
carbon fibr elegégl ?ﬁﬁxdf 'f@é.?d r &k nﬁ%&%l@kﬁ?tl&&nsf‘tyegﬁ){chatﬂ e film e.g.
of Mel anex, gal\.liberaggloy Ip%or0 ocal?zrs]fti%rn A large audience may be
. handled, even with some persons in close proximity (as near
as 0.5m) to the panel loudspeakers without any significant
. 15 localisation of the immediate reproducing channel and with:
the vital property of an unimpaired aural perception of the
important front channels. Greatly improved realism 1is
achieved for the multi-channel sound reproducing system as
a whole as a result of the desirable radiating characteris-
20 tics of the acoustic panel sound reproducer. The ambience
loudspeakers may if desired be suspended on wires and
disguised, by the application of a suitable image to the
panel (2) to resemble pictures.
Figure 56 shows how the frames (1) of the projection/
25 loudspeaker panel may be formed with a return lip (36)
whereby the suspension (3) can be concealed. The frames of
the subsidiary loudspeakers (114) and the ambience loud-
speakers (117) may be similarly formed.
Particular device aspects of this invention include a
30 projection screen comprising a panel having a light reflec-
tive surface, wherein the screen is a distributed mode
acoustic radiator having a transducer mounted wholly and

@ exclusively thereon to vibrate the radiator to cause it to
resonate; the radiator preferably comprising a stiff light-
o 35 weight panel having a cellular core sandwiched between a

pair of high wodulus skins, a surrounding frame, and a
resilient suspension mounting the panel in the frame, the



both of the skins. The core (22) of the panels (114) may be of al U MiAYm2006
foil, e.g. in a honeyconb cell arrangenent, or may be of paper cells.
Where paper is enployed it may 20 be inpregnated with a plastics nateri al
such as a phenolic compound to inprove the stiffness of the paper. The
cell size may be in the range 3 to 6mm and the core thickness may be of
the order of 3 to 10nmm Were the skins are of alumniumfoil they nay be
25 to 100 mcrons in thickness. 25 An epoxy adhesive may be used to
assenbl e the panel. Stereo, i.e. two-channel sound reproduction, involves
the creation of sound stage illusion containing the proPer- ties of source
| ocation, peYSP#?ve and the anbience of the origi nAFVFR¥BH4S ng. Stereo
with conventional speaker$s 30 is strgng on aspects of phantom source

| ocation and in sone cases perspective, but is weaker in respect of the
express- i oncéfiulakucate Sppeferanlly aBdliimNGE. hodeg-tsmbesamsgiddie near poi nt

source naturg,of gg&vg};’glmﬂg Bfesfte%‘ﬂ; Eggesfs £ gerseintfoggﬁsdﬁeaural ly to

identify thel S| ca | ocat|i n con desire for
overal | st er%b"qp Yo Fé%‘a?ﬁs‘ﬁ’tel’E’)’f?JeFF“?’%Sﬁfeteé‘n"%’%nlrdsf%ﬁ’aﬁ%l r epr oduci ng
devi ces the foum 139dapeakRge 62 V¥B YRR 09S4OPIRETLEBBIG2 MG reoBStespeaker s
shoul d di sappeardentertt Bedsniynd Birdg@handdlsiifformalass, Q~fayt bexwprobl emies

n the relal Lyel-yonanhu i iatlers 301 AL nifod RO LidL b GRnvent | onal

speakers. ound an % ear of the
encl 5 osure s%‘ﬁﬁa %1 %iﬁlgf'f' oﬁ’ﬁl faﬁﬁ'i?és Pﬁes?%?é?b&%ﬁfﬁré%‘dnd field in
the room i stkesiseives] amddistFabatrdeduadet fecobghi o - rdddahors/aeact i ons in
frequency respangea tbhansdwetr aointel rvnolly hendsencrisaleNattieddonacoust i ¢ space

and anbi elrbcetomsrﬂm@ler@atmeér Eb%ﬁ&é?.«. %P!:Q%; a%ePGAJa/QL Acoustic 10
panel speakers.for. are set 1n conplex

vibration ovahd 'Wﬁ’ Iaeppar# 5£%v§?e51 ?Fr%’fﬁ]ec*éh%‘i/ SPRHFe typically
100Hz to 20k#E. af‘PHES%‘é‘ntaPé(?rprtlhﬁa?‘lﬂwr'b{mﬁeamraﬁaﬁe¢°“(P32§ifigs sho
suspended oOnasubgansicon reeanhadd) hukspédi@inani treyfoéhe qranrel mayWe

support ed 151.&:%‘,% nddeO Yootk - rdaiGHE S ReviHOWS H1WshdG Pr 0] ection

appar at uslsmix}{oun%ed wholly and exclusively thereon to vibrate the
radiator to cause it to resonate.

Such an acoustic panel built to sufficient size to
serve as a projection screen. for still, film and video
images, is thus simultaneously a sound reproducer, with

20 advantage as the centre or dialogue channel of home theatre
equipment, and an acoustic panels hereof having good size,
say over 0.6m wide, and providing very good sound coverage
for audiences. Working demonstrations have shown high
intelligibility and sound clarity over the whole audience

25 region with a major advantage that persons nearest to the
screen do not suffer blasting from excessive proximate
sound levels, invariably a flaw of conventional direct
radiating cone based speakers.

Moreover, another inventive aspect of a projection
30 screen hereof arises in relation to conventional centre
channel speakers and the ear’s readiest tendency for loc-
ating the acoustic centre of a cone/diaphragm loudspeaker,
so that all sounds appear to come from such concentrated ¥
small source, thus detracting from the sense of realism:
35 whereas, for an acoustic panel hereof, its uniquely non-
directional radiation property means that the sound appears
to come from the general acoustic region of the screen but



arranged in a room (145) equipped with seating (146). The appar atLtE hﬁg r';?
projector (31) projecting an inmage onto the screen (32) and also i 31 1hd4e <2006

a pair of subwoofers (35), 20 which nay be of conventional construction,
the sides of the roomto inprove bass audi o extension and a pair of rear
ef fect | oudspeakers (117) i.e. so-called anbi ence speakers, at the rear of
the room Suitably the rear speakers (117) are also of the kind shown in
Figures 1 and 2 in view of 25 their w de and even sound di spersion
characteristics. The rear effect |oudspeakers nay be of the sane

construction e subsidiary | oudspeakers (114). t ed node
panel | oudspg@EéPu%ereof can have renmarkabl e non-di regtf'%n)gﬁ%propertles

For acoustic repro- 30 duction of amgipence channels of a sound system the
energy mnmust be widely distributed, ideally fromnon-directional sources.
It is inport ani that doee isolamddspoimts is® mbidt wWelhken tloralmagedistherw se the

perception Ofac%oinﬁrﬂ%aaapehe@taunéwemet e§.' Mk leed s ag Opslelr@ui €gi on behi nd
t he I stener, unsaftfl sfact Of Yat F{? erto cgg}éent | oglal d| rectional

and/ or snal | Sé’BﬂF%té‘et PeAREF Y, *GeHeita FEVIRRGELT ISOPEHSS  Rave been used
for 91 0 O lgeriiEakdon a‘J\éP‘??FU@&&Q/ W’@TPGB%MPPMS“%@M%%@
repr oduct i en.frPedy tto dgseciatecas iimgg jdeein ovisrtoal @nd wdeéii ngiyapppt | on,

audi ence nemheiensRAlEcht3b@RT {dhnd sdiﬁ%éb%eﬁm.ﬁﬁﬁetosﬁﬁﬁé‘ﬁ*té" nd thei r
per ception strogﬂ%é?lllg%g %@Zgr% &Pgériﬁg%@r BLeat y ng t he

anbi ence ' reci a 1on o | channel
sound fi el d bhEhe Jd Pk dReh %W%écgbs%\é‘f"fﬁﬁfzet fal - '%ﬁj‘rtéll Bttention is
drawn away f roetetivg prices guitecoplosstlygend sgomchtehnireguthnaadbi ence

reproduci ig Sspazkeem RYid et trBcOnRaodidRGee sbOtldHsdspaakely aagsording to the
teachi ngs heraeQ/firglgl' \A?rp@rceived acoustic image appear to track the
actual visual image, but can also serve to convey the inf-
. ormation needed for the perception to depth/perspective, so
that the quality of audience involvement in the cinematic
. 15 experience is substantially enhanced. -

Slotting (38) for edges of resonant mode panel members
hereof, see Figure 58, can also he useful in dealing with
improving uniformity of bending wave action, and/or gener-
ally for controlling particular frequencies by affecting

20 relevant resonant modes.

In relation to any desired further correction, or
composition of desired frequency-related response, perhaps
particularly at low or high frequency ends of operating
range, say 1f coincidence frequency is included either at

25 such end or medially, electronic input signal processing
for a loudspeaker hereof can be provided.

Figure 59 shows simple input signal bandwidth control
through capacitor (77) and resister capacitor (78,77)
amplifier (10) circuits (Figures 59a,59b) for piezoelectric

30 transducers (9, Figure 593; 79, Figure 59d4) including
assessing to a required range response (96, Figure 59¢).

Further sample passive equalizer circuitry (compared

» with normal core-type cross—over networks) is indicated in
Figure 60a (using amplifier 10 with parallel LCR network

@ 35 113, 77, 78) and Figure 60g (parallel resistor-capacitor
circuit (78, 77)) relative to particular frequency response
requirements (Figures 60b, 604) perhaps of particular rel-



| arge sound field or near uniformintensity which has deli beratelg &

| ocalisation. A |large audience may be handled, even with sone per gn AYn2006
close proximty as near as 0.5m to the panel |oudspeakers w thout any
significant S 15 localisation of the inmediate reproduci ng channel and
with: the vital property of an uninpaired aural perception of the

i nportant front channels. Geatly inproved realismis achieved for the

mul ti-channel sound reproducing systemas a whole as a result of the
desirabl e radi ating characteris 20 tics of the acoustic panel sound

r epr oducer. The a ience |oudspeakers may if desired be sus ended on wires
and di sgui 38'8 y the application of a suitable i magc—f % panel (2) to
resenbl e pi ctures. Fi gure 56 shows hg %\/the frames (1) of the proj ection/

25 | oudspeaker panel may be fornmed wwfh a return lip (36) whereby the
suspensi on ( vakéd he @earesl edhthThendlbasesceinciibcsubsédglieacy | oudspeakers
(114) and theggpgpience |oud- speakers (117) may be simlarly forned.

Parti cul ar device aspgﬁfgL of this invention include a 30 proiL.ectl on “screen

conprising a panel SUFY YR HefPERant; pangd,menbers \ifFeein the screen
is a distribmaed pasde menddaned clﬁacneéeblfonhaw n@fée¢tiags deroddngount ed whol |y
and LW excs usityetyedsheti egie domeridibat 6F tUhe paadlahembdro c6adkx@ehl tO "

resonat e; th%o(«aoélat Rhedd eaf%r@ebwh&pap%i%ggga %:SLL&JLrLJnQ{@sthk 35 wei ght

panel having a Iul_ar core sandw che ween a palr (Pqﬁ nmodul us

skins, a sur rcb’ﬁﬁ ng PPETREFERY a °fe5|“11f”é°rﬂh°§ﬁ§'pen§|ron PRSP ng the panel
in the frame revﬁebq;agimv 269@%97/ PIS4XPCHPEBOMPLUs5 8Barel | ul ar core
preferably baineptofsikeneytocénb tal enividiRuriaels, sunth bbecslumis. preferably

bei ng of {4breyhed nfﬁr CQQditEHt%g' GSe ¥/ Qhrésa t Q%sBﬁQA@CtdagQ screen
conpri si ng pe_xlne peakers attached to aggg Ite sides thereof to 5

|
provi de | eft 88”?3"" ﬁfs hg]lswj chann%ﬁ 5eRPRYSHEL i%n, S tBa% right hand
| oudspeakers %@PW%Fﬁg@éfBﬁl%“héF%%Paﬁm) t@cuﬁéiﬁml(daﬂ)ﬂl@ agbi nst tﬁ
radi ator for astiorapgeicamiefienablay listentrl wedmasndobéingbutatapdde acWlstic

radi ators ea%cu@ﬁ‘ﬂg”ﬂo@sbémucﬁfplwym egr %@Lhi/nga@@ & Lusi vely thereon
10 to vi biét %.1tfPus:|.ro%dl ?},9) t1:> gr?‘&JsethlerE\, toan[iesgggxtweard gffo{using
loudspeakers, typically for improving ambience.

As to full five channel home theatre ambience systems,
such as achievable using resonant panel loudspeaker hereof,
including the screen (118) itself as the centre channel and

20 any desired sub-woofers (35). However, particular merit is
seen in systems where perhaps only rearward ambience loud-
speakers are of resonant panel type, see 117 or Figure 62,
perhaps because conventional core-type forward stereo loud-
speakers (42) are, for some reason, actually preferred.

25 Turning to use of panel members hereof purely as
passive acoustic devices, Figure 63 shows voicing for a
small theatre or dance studio; and Fiqure 64 shows use in
mounting such as a Hi-Fi unit (46), say as a base (44)
shown on pads or feet (45). Figure 65 shows use as struc-

30 tural panels (44) of an enclosure for conventional core-
type (42) loudspeaker units, and can be highly successful
as to giving minimum colouration and/or even correcting

room or other colouration if ‘"varied" appropriately. &
Figures 66a and 66b show a panel (22) used as an upright
35 piano sounding board (47) mounting backing onto its strin- »

ged frame 108, with fixing by studs 107 that can have a
clamping or only a just retaining action, it being the case



audi o vi sual apparatus characterised by a projection screen as gﬂpmgﬁaqqm
and/ or the audi o-visual apparatus conprising at |east one rear channel

| oudspeaker in the formof a distributed node acoustic radiator having a
transducer 15 nmounted wholly and exclusively thereon to vibrate the
radiator to cause it to resonate. Such an acoustic panel built to
sufficient size to serve as a projection screen. for still, filmand video
i mages, is thus simultaneously a sound reproducer, with 20 advantage as the
centre or dialogue channel of hone theatre equipnment, and an acoustic
anel s hereof havin ood size, say over 0.6m w de, vi di ng ver

good sound CHVéWQEQQ ?or audlences.berking dennnstra??gﬁg&ﬁﬂﬁ% sgomn %lgh
intelligibility and sound clarity over the whol e audience 25 region with a
maj or advantage that persons nearest °Po the screen do not suffer bl asting

from excessi ug,priptedBiRousO Yakel LY o hévihbaMeYad etk avewaf sgonventi onal
direct radiat] ngpfgoggatbeagflﬂcuﬁgg k§£§mon£e%"8{; cta%%’t ElediYENL1 ve aspect

of a prolectlon PStTeen her €o 0 conventional centre
channel speakér Febdidorhso etpecdiiethdiodat frequertiest or It 0t@ulgdt PRig t he
acoustic centfleestblea toorne/ mhuayshwigmdood dspmdker, busone hatwaaltbd sounds appear
to come fremesdebt £ QRCEINAaRi 66h1 pEPEJrmEREH.CE, thus detracting fromthe

sense of reall oMy dn anes ol of ABEANSLI ErAANEL BELOTmebLs Uni duely

non- directional atron appears to cone

fromthe genet@FkasRAftt fery g‘tﬁ ﬁrﬁ? f’r?‘é sl’f?’é'é‘n iﬁufnoagsmfie’% WD 97/ 09842
PCT/ GB96/ 021481188 seoterhi opansiememudrat ¢8) pwnnreswld,t has , atwHeasthe i nage i s

acconpani ed wrehsgniagpDiedt heoweanen Fibhes 63712)3, anROWRY buhes¥ragst heti c
ef fect, |q thﬁé)l ggk Ensegec(lu grsgygk‘qﬁ%ggr I&g@l |a§ag“hgg QL' ows the

ear/ brain“sou senst onbi nat1 on Cclate an_ I magi ned,

virtual and ff3é&FehebPajp- tPox¥hets Phckhs ogmi‘eorm?ﬁﬁnd‘ tE8Er £B8 sensor al | y
to apgmar to tdemsdéygecisr dii sedeandstalleégi sorvantgniiivt rlloggamwilbhs present ed
by t h® vi sualpdifBe® waRitd@racOWsid)Canditkassaucer QeadBillrahg y(285 ¢l ati ng voi ces

qUi te closel yad%ggtfgce%\ﬂﬂ eééﬁntegtépwsfogngeeling out, before the
15 upper of the skins (21), and fixing into shallow indenting:
of the core stock material. Movement shown by arrow (125).
allows guillotining (124) at one desired panel dimension
(length) and the other (width) can be set by width of the
stock core material or by splitting as shown and leading to
20 highly effective mass production. The panel member
dimensions (length/width) are, of course, as readily
determined in practising methods hereof, including for
other than rectangular shapes to be finished from
rectangular precursors that correspond with relevant aspect
. 25 ratio determined as herein. .
INDUSTRIAL ARPLICABILITY
. Embodiments of this invention have the same and more uses
and applications than the ubiquitous conventional cone-type
loudspeakers.
30

“H



10 faces. Wth well recorded dial ogue sections, not only does a virtual or
per cei ved acoustic image appear to track the S actual visual i maded Mt 2006
can al so serve to convey the inf ormation needed for the perception to

dept h/ perspective, so that the quality of audience involvenent in the

ci nematic 15 experience is substantiallgy enhanced. Slotting (38) for

edges of rescu:r_;m_tp;gmde panel menbers hereof, see Figure 58, can al so be

useful in de | ng roving uniformty of bendi ng wave actl on, and/or

gener- all y %t&]ﬁq i "3 pla?]f?%%l a" f PEq §H&Fesd%‘§l‘g?f @i ngclage a

rel evant r esmﬂienmd% éxt ered Bbg omﬁammysé&yl refl figd hehiewheeget | @ﬂ? or

conposition gl edfr spaqnse perha S articularly at
mp cgaéaq %. %f gﬂﬂ?ﬁ?%lﬁgt akrbgrqdfﬁ waves |af C(@I ﬁg@deﬂgg an

| ow or_high ency éends
frequéncy is m’c@n@@éﬁyaqqmecmentzaléweramtmcaﬁm adm,veelaarfta ovff cthaput

si gnal processifvdi@e aek@é&@@p%%keéaf@rﬁ@fnb&?” b&leﬁr%hﬂsg 9%6115}@

shows sinple input signal bandvm dth control hrough capaci t or
resi ster cap@AHWNCLErS, PACh &fplBePmer i copng If@ﬁl b@n@anuﬁ’ééfggésg%lyomor

pi ezoel ect ri era3Qidy & duersts débertdd U s g@ﬂs%f%uﬂcggr@f 59&%0@«;]& Ub s |
assessing to a. r |re response , _Fi,gure urther sanple
passi ve equalqage Hre |t$§§(§{:%?rpé‘faé’c? tlgr?rBF%E Bre- t%@ cPBE&. VRS

net warks) is niertdlicxc‘atzard:]mdlr@ ganaétyﬁa(m (afsi gegi gl df i Bsutldomi o pesehdet LCR
network 35 o I ﬁgﬁ I resi st or capaci t or
circuit (78, H})%e) re atl ve to %ﬁlengis‘éﬁ’ B&%‘Legncy res]%)osnased fgﬁ’ﬁ Teleht s
(Fi gures 60k, OV dyaper t@a-‘}?@:ofalﬁaﬁér @ﬁé@panngelvaol@s\mwfzmt\m@mgsmd 89

PCT/ GB96/ 02145 @@ st O t@ﬁalﬂe@;&w t Byl n%h&!aeddggt%w@@s& féﬁquﬁ’Q&)(ral
effects. Areal curving of resonant gnel menbers hereof | has been nenti oned

in relation CESORRE | MPISENdRRIRA) Bevefirhads £R t Aesdradnsrehierable
panehjhenberaﬁmmsﬂHWE@perHQWGwebf bhededeaticheoobhen deeglenayarffge of
requirenments n%eres%rvegnclioun(lja 1enagk,er§.‘s or m Cr%%hone éon?ro eanstsI o% said

device, a said member (2) with said selected values of said

parameters.

20 2, Method according to claim 1, wherein said parameters
are associated with at 1least two different directions

through said area of said member (2).

3. Method according to claim 1 or claim 2, wherein said

25 analysis involves assessing parts or subareas of said area
for content of vibrational energy from predetermined said
natural resonant modes; and said selecting is so as to
reduce incidence of low vibrational energy contents of said
parts or subareas.

30
4. Method according to claim 3, wherein said reducing is
to minimise incidence of low vibrational energy contents of
said parts or subareas.

35 5. Method according to any preceding claim, wherein said

analysis involves assessing parts or subareas of said area
for content of vibrational energy from predetermined said
natural resonant modes, and said selecting is as to

producing more even spread of vibrational energy contents



reverberation, filtering or voicing panels, say unobtrusively to f{tg py 2006
curved surfaces, such as colums. 10 Figure 61 indicates use of curved
resonant panel |oudspeakers (55), or as repeaters or satellites, that
denonstrate diffusion (Figure 6la), focussing (Figure 61b) and

application in a listening roominvol vingggorward focussing |oudspeakers,

typically forofiefdid pahraergo dtfbalreb®s . di ffusion (57) behind them and
rearward diffusing S |oudspeakers, typically for inproving amnmbience. As to
full five channel hone theatre anbience systens, such as achievabl e using
resonant pane. Iou@hnieﬁ(ebfhem&bing iarc| adiongttike deveea (tl8knchsgefl as

the centre c ra r woof.ers (35 particul ar
nerit is seen |n sy g?% ée(rrlcgﬁg(%rﬁ%ﬁ?%’ LR vvg Oi%&%'%&ﬁgiqeg@_anﬁ
speakers are Qﬁparbalﬁ)naaft passhinypg, lseledilllq oma\Fe@uraet 62easper baps basause

Conventlonal]ggﬁﬁﬂk*ﬂg,fQﬁ%ﬁ&Q1%QQQ§O 5%%@ve5p3 kerso F4zlﬁgretr ﬁévé

reason, actually preferred, 25 Turning to use o pane ers ereo
purely as pa&Shfe ARBREYIRId@Fovesicpildyr FEEEHYWs TREPBRRY Mndes sadl |

theatre or daee stuat&lu(talandbEhauﬁ4 64‘%&@@\/\5 H¥rdtion FD'W{Fltl'CE?g SH|S:_B asga 65
H-Fi unit (4 ' _say .as .a se (, .shown on pads or fe . Figure
shows use ag Cg%%i%d%%ﬁﬁa%alﬁgﬁgpg%(lgﬁ) ob’FraﬁgéaclaS?Br@ fKabE%E%%ﬂgﬁmal
core-l1adype (4®rd cudseedk exctiiviet xegamhscandb@rlbh:ghlisbnammpeméﬁI orakeidt

i ving mni Qo i {Or; £V, ct oom ot

gol ou?atl onm%gt‘%var |Lge 'log%pra%%rl at s§|‘§ Cr]?dernt;%r eésrpg%% and %{Sb gv\?%t pafi|
(22) used as AT s lght PBhsinetersoundi ngabdar ey nvlht i nghbackenigodnt o

its strin- g%ﬂﬂﬁ'ﬁelréoSanﬁﬂ.ﬂ/Qlé' %9 1RKsStYHS 1L hghdcarﬁbf@\/%ra v %% wo

clanping or only a just retalining action, it being the case 09
97/ 09842 PCT/™ Gé%@/t@% BEEHA HbIRALd Hr iR panehd ﬁ%%%%‘fl%e’dahé%s be

del et¥¥ i ous |dornerspa:pmh®1@r i ed eacaladd a&i@t:ﬁmjﬂi&nslnew&ﬂcﬁarr i ignedf ci al
in relation t1 e tp so

rEé egl daiona qalljenm .11 wou g &\ easc? 1o SO
nmount with goo Ioca f on, DUt No unha % 2FF ett %?1 vEBYat 793P

per f or mance. HHaQiead7 fmmfel!m@e_rmnmra‘etsppadﬁngrrwuhh fesnredhackiegilob
sheet for theLpiRsd %ﬁ)era"\‘.lrﬁ.'o‘l"xh dfs ddif cféx;fcé;r OBd making, as at least

a component of said device, a said member (2) with said

20 selected values of said parameters.

7. Method according to any one of claims 3 to 6, wherein
one set of said resonant modes and corresponding
contributions to said distribution are particularly
25 affected by at least one of said parameters and another set
of said resonant modes and corresponding contributions to
said distribution are particularly affected by another of
said parameters, the selected values of said one and other
parameters corresponding to said contributions of said one
30 set to said vibrationally more or most active regions being
as complementary as practically achievable relative to said
contributions of said other set to said vibrationally less

or least active regions, and vice versa.

35 8. Method according to any preceding claim, wherein said
analysis involves assessing frequencies of said resonant
modes for spacings of their values, and said determining is
as to achieving optimum practical spacings of those frequ-

encies.



whi ch several panel menbers (2) can result, has at |least one skin g WAﬁdEWM
(lower in Figure 6712); and the other skin 10 (21) is applied (upper

Figure 67k) over as nuch as desired up to the whole. of the core sheet

after the transducers (9) are installed, conveniently along with printed
wiring track (122) and transducer |lead wggng (28), advant ageousl y
connected up $or nesiliod actordaioreot ey ﬁEede@eﬁgoﬁlémﬁ s¥h8gefdllaiand

fixi into s i entln f e c material . Myvenent shown
L9 0, ek Antentl A Alod he <018 LAk, MEL e gl - LeEL shgur
(I ength) and trequsrwires wmtmldarfﬂmqtmeicms wifdtdaidf relkenaatoskdesr ean

mat eri al or b%?éﬂgéfJéé“b s%éﬂ%yga and leading to 20 highly effective mass

producti on. e panel I mensions (length/width) are, of course, as
readi |y determined in practising nethods hereof, including for other than

rect angul ar si@peSMé&é& bENinshadof rom aé@ﬁ&@i‘&uh@irl%eq{érv% gs 4 hﬁ%ﬁ&gﬁcm AL

correspond w rel eva as ect 25 rati o determ ned
APPLI CRBI LI TY{ rsErﬁa’t’rfo‘? apgyerghe 2§ oht%a%l‘f—‘hlée%%nen@naan@bée usés

and appl|cat|£ﬂ§tdiﬁmngEgen%ﬁggﬂﬁawﬁeCnﬂveﬂthaaabtﬂeﬂﬂliyaﬁerh@ﬂdépﬁﬂgfrS
30 ; 09 Y 2 9 Al ng an ousti c iceto

i ncl 3de a % q(g(%Z)%re?( dhat 7ig ﬁ%&tferégT’VTHf‘nggsoRqﬁ%l&ﬁ’ ah8 eXQBEbI e
of sub®ai ni ngresomdinty wedes af lisastnadwenalarbendinte naedd yvibnsenoenthat |y
acoustically &6l ine AEeAOf {6%e!1805KCERE Bxhemh 8l el ﬂgSHP%% thge

menber (2) having_ paraneters such as geonetric a
upon val ues e vieReNRPenes VaduaPsOL Bk i rael Weonantlmbles pafram-

nat ural bendigwgkmavss \eaﬁrcﬁtméatbéive(rz)saltqﬁearrre%hotih%o Brﬁeahgdahaﬁw%neo
anal ysi s of chld distri bLﬁtI ndg resonant nmodes of natural bendi ng_wave

vi bration of VELUeS @Lasa4d RATARErEeLEi kg géVﬂegaBFeS
partixtal ar safd sgmiameheeptt;elr gsegieheisai dhlisstréeludddnsoid nekypahnt

modes at frequencies that are spaced and interleaved

beneficially to achieving desired acoustic operation of

said device; and making, as at least a component of said

device, a said member (2) with said selected values of said
20 parameters.

11. Method according to claim 8, 9 or 10, wherein said
selected parameters assure that said conceptual frequencies
are so related that there is interleaving of said resonant

25 mode frequencies with spacings and consequent spread at or
approaching optimum for non-coincidence and even-ness of
such spread.

12. Method according to any one of claims 8 to 11, wherein
30 said conceptual frequencies are each definingly affected by
said selected values of different said parameters.

13. Method according to any preceding claim, wherein said
selected values are of corresponding said parameters
35 relating to geometrical configuration or shape and/or to

bending stiffnesses in different directions.

14. Method according to any preceding claim, wherein said

selected values are of corresponding said parameters of a



“resonant nodes being beneficial to desired achievable 15 acoustic @geﬁﬁigﬁﬁ
of said device over a frequency range of interest; and making, as at b
a conmponent of said device, a said nenber (2) with said selected val ues of
said paraneters. 20 2. Method according to claiml1, wherein said

paranmeters are associated with at |east gyo different directions through
sai d area of simid drrhaiude?)and sdfkidtethlacey di AGtua1tharBn Atoveclal 2,
wherein said 25 analysi s .invalves i% essing{ggr s or subareas of said area

Sj
for content of"Ni btat &%loeﬁgrﬁyr 'yFel RE8-said natural resonant

nodes; and said selecting is so as to reduce incidence of |ow vibrational

ener gy contengs ofM(Fa%}éjd ngEgrQ%‘nﬁybgoeasclg 4 Met hﬁg ac&grdi ng.to;claim

3, wherein said reducing is to i m'se incrdence of 'ow vibrationa
ener gy? cont ergePwtrigsld pakd scorrsabandasg peromeleriodeddosr dmpea oofiny

precedi ng cl aiym 18K8¢F eigd i3AI e ANBEY Had o HAHBES Q§§e%%irn9$%ﬁ >blhding.
subareas of said area  fqr content of vibrational energy fTompre eter?n ned
sai d naturalsqlefsfg'f?a?ﬁ(er?gdé’sf, s2dq FerbegebBEerEl Paidsa¥®a- produci ng nore

even spread of vibrational energy contents 0 9 MAY 2006 of said parts or
subareas. 92 § d of _naki an_acousti c vice to.include a _nenber
(2) extendi ng zl\iﬁ}é%e osdgl ?c%?rggggt ﬁPclﬁL':]eas%" aﬂg’ 5.w?’§5§6'lne %ﬁl‘gugF%{?ﬁF‘%.
bendihy wavesvadiudseasi syvbd aeometn borledbyr awaust $ capéqlﬁyctavpaatﬁsa?bérl ts
transverse i volwi n a]&#-:ti I r e ant. its
nat ur al bendﬁ}r%ﬁv%atvlghvi lI())\rfatigon |ch%?l§?éa g%ﬁéf@g% ri s‘?i ?tlakgg‘%ﬁ?’b‘%u%%

over said ar &Hidfergr stiresaliopsiecress spidoshameti ve regi ons and
vibrationally | ess or least active regions that is dependent on val ues of

oL east L PR S PR 8 o SaL IeTber (2), Al el et
in sdisl regi @k, dandrathingi pgonakunesals worfiespetdiong ¢® a Siinber (2)
?;3;32'63”: ioagréafske\gﬁiﬁ%;@géﬁ)ﬁexogelQ ° OEtQOtﬁﬁgfgﬁgégnilk ai tsI Va!xt a roe be
configured, said member being capable of sustaining bending
waves at least over said area, the method including
analysis of distribution of resonant modes of natural
20 bending wave vibration of said member (2), which
distribution will be different for different said
configurations of said area as variably defined by relevant
geometrical parameters, and selecting a particular relative
value of said parameters for which said distribution of
25 natural resonant modes is determined as being consonant
with desired achievable acoustic device action or operation
over a frequency range of interest; and making as a
component of said device a said member (2) having its said
area configured to said particular relative value of said

30 geometrical parameters.

18. Method according to claim 17, wherein said geometrical
parameters include dimensions in different directions
across said area.

35
19. Method of making an acoustic device using a member (2)
of given geometrical configuration extending transversely
of its thickness and capable of sustaining bending waves

over its area, the method including analysis to determine



practical for further corresponding with desired achi evable acoustic
operation of said device; and making, as at least a conponent of (5@i MAY 2008
device, a said nenber (2) with said 20 selected values of said paraneters.
7. Method according to any one of clainms 3 to 6, wherein one set of said
resonant nodes and corresponding contribggions to said distribution are

particularly \%Blnaa‘sf &Eﬂ Gglechyetaﬁldeﬂasgbaﬁmetfér§aiﬁi PaspERE BFS @ﬂé‘s appt ppp set
of said reson es. and correspondlng contrib tlons to

di stribution lre paf'rciriscul AFF7S8t f eBFed byP BTt hé §é’|n&rﬁz’|”§ﬁet eWithi he
sel ected val mmsmmdi@ebandmgheatlf;faremmtserefcwarle‘spmadbeg t( )satd

contributi on%éniflvs_m 098n§$%1§1?§1 t of§g ge}%?%gt' %zil rtraeqortl {}8 acii ve

regi ons bein as ¢ | enentary as I'ca achleva aid
cont ribut i onPesidigy dwaithevikration s@fdswldr atan@%d | §2)] eéssingpras emsefatti ve

regions, and a4 Cﬁré(@i§@abf>§ #1cVehhad i ac el net Oaéﬂi’e‘?éﬁféadb@guﬁl:%gl

wherein said _anal ysi's invol ves assessing frequencies of "Said resonant
modes for sp@SHgE! oPft HeR¥t vafue8aidndnaher ddRer ralaeive tes desired

achi evi ng optggpfidvyMaatid cof spagi meviek,t hose &&eabnigned eéor@erM‘HlﬁQ

93 9. Met hocL chI’dl ?ﬁ%basd%l EFrecedl ng cl.ai rn \/\herel a(il1 ar amet ers
are rel ated to &t 1%adr* 9% et@nf2e¢on nlsr'ecﬂﬂéf; ekitipaneerd
frequehci es afarsai dsr esonanbugbilesltan ogdxat&azlevesrdaa el aved. A léleah@t hod
of making an Vi I ) endi Sy y of
its thi cknessalgﬁ? tﬂgc 5%%\9%% %gug){é gﬁd%n W%%eé a8 \%gvgelsmg‘hgglﬁ 6@8 b%Y%a‘Ii
operative ar e?@l%flﬁfﬁlé:%ﬂgaﬁ?\?@%ea@ﬁ{éﬁ 1i’1§volaﬂl a§ dpasht Rvebyproneryanf 10

resonant nodemiQf ddwsideat W ada Renidise maye) vwi)fﬁu%l&@@tsafanog ré@i@%
to at | east two conceptual frequencies that are dependent on v ues o}

| east two partiS®ul ar param eters of said menber (2), the method conpri si ng
analysis to determ ne selected values of said paraneters to gi ve vaI ues 15
of said conc ual {e%eglcgl es thus related _said.res

frequenci es that arée AT A N & | TN RSB Jeri‘?c?gﬂ%} t%hﬁfﬁlr’év?ﬂbd
desired acowﬁﬂ&iﬁﬁm&aln@mlw¢s only predetermined said resonant modes

that are low rather than high in said frequency range.

20 21. Method according to claim 20, wherein said
predetermined resonant modes include more than twenty above
natural fundamental and related conceptual frequencies
further relatable to said natural bending wave vibration of
said member (2).

25
22. Method according to claim 21, wherein said
predetermined resonant modes include the first twenty-five

or more above said natural resonant frequencies.

30 23. Method according to any preceding claim, wherein the
or each said member has damping means (3, 2P) selectively
applied thereto as predetermined to control frequencies

corresponding to one or more said resonant modes.
35 24. Method according to claim 23, wherein said selective
damping means includes damping attachments (2P) at medial

positions of gaid area.

25. Method according to any preceding claim, wherein the.



sai d device; and making, as at |east a conponent of said deV| ce N@f}% 200
menber (2) wth said selected values of said 20 paraneters. t b
according to claim8, 9 or 10, wherein said selected paraneters assure

that said conceptual frequencies are so related that there is interleaving

of said resonant 25 node frequencies wthggpaci ngs and consequent spread at

or  approachidy @;&h ng4n d Oferfiodlr CO2 NChAENEEs aBEGUBN EAgNBESe 8T cotlEhi sphgad.
12. Met hod acc: n éto any one of claims 8 to 11, erern 30 said
concept ual é’%ﬁb cqgl ‘each definingly affected by said selected

val ues of dlfferent sai d paraneters. 13 NEt hod according to any preceding

claim \/\/nerelﬂ3 Saiphe }ﬁfd %con‘?ﬁl‘g% %rerdq% 03_?1 g‘%semg Péirr?n?ﬁers

35 relating to georretrlc |ono
stiffresses i9F dvagler %Nddﬁff@kéﬂtéﬂsdewfcel\/d@ﬁdd h@@ccﬂr dflr@'net 0 Iahyappbtedl ng

claim whereighsa d1t§e|le§é%d ¥gl ugs ake ﬁgrnﬁftr rB@HQE‘HQ”Q\IaQV% dv_ipﬁf' &'s

of a 09 MAY 2006 94 simlar nature and selectable by a mutually re atlve
val ue, such FeIEFLED aofieéllréldafe?‘\'i@nﬁercent age. 15. Method accordl ng to
claim13 or 14, wherein 5 geonetrical said correspondi ng paraneters define

shape of at st i.d area of .said_ne ) for ven be

sti ffness(es)ef)lf évzefatdq?én%cé‘? OXHH L ghC s i algré cg‘?"{‘ﬂ‘ehg tb
clai M5, whersei msaiapsldlesct ed thl0 v\mlnaeaouf—csatm‘o@émngt rmagerpal amesers
specify a paddQlidaa 4ad atiqie gfl)aagas%%%ah%ggﬁgccor ding to dinensions in

different directions across said Shape od of nmking an acoustic
device including the step 15 of determ ning geonetrical configuration of a

menber (2) e@@ndlmﬁd@@d@éﬁ&iﬂ Obnit SrleNi SKNEBSihd 1l TATRR tghblein
configured, said member, ?%&%gabl of sustaj ni ng bending waves at_ | east

over said aré&2id r?er‘??et% Ja‘?na?"i'r% sEERNYYLEFS ek FRE oPL r edbfant
nodesl®f nat uteadbe0 b2ndbgg mwarss vidze) | adverseadyd affeeeing2)pasdidgd of

di stribution fe t for di.fferent said configurations of said
area as vari eﬁ)Ad é‘%l ne&sb?/j%& gvgﬁtld aggﬁ’étl‘l cal paraneters, and sel ecting

a particular reI ative
29. Active acoustic device obtainable by the method of any

one of claims 1 to 28, comprising transducer means (9)
20 coupled to the member (2) at an asymmetric off-centre
position off axes or 1lines that join points of
maximum/minimum dimensions or directions of geometrical
parameters away from the corners and edges of the member to
provide a beneficial coupling to, and distribution of,

25 regonant modes for use as a loudspeaker or microphone.

30. Acoustic device according to claim 29, wherein the
member (2) has a substantially rectangular acoustically
operative said area, and the transducer means (9) 1is
30 located at a position substantially corresponding to 3/7
and/or 4/9 and/or 5/13 of lengths of sides of the member
(2) used as coordinates from a corner of the area or member

(2).

35 31. Acoustic device comprising a member (2) extending
transversely of its thickness and capable of sustaining
bending waves 1in an acoustically operative area of its
transverse extent involving operatively relevant resonant

modes of its natural bending wave vibration that can be




val ue of said parameters for which said distribution of 25 natural resonant

nodes i s determ ned as being consonant w th desired achi evabl e acOUsMAY 2

devi ce action or operation over a frequency range of interest; and nakrng

as a conponent of said device a said nenber (2) having its said area

configured to said particular relative vayywe of said 30 geonetri cal

par anet ers. Ja_?eld\@édroeoacsaprdeagttcm‘d akbBhad twﬁr@&q%@héleeof@iaﬂ Cake
parameters in Iude di mensi Oﬁe‘(?tce rent |rec ions across said area.

19, Not hod ol TR arPLcE oA RasTephg ﬁﬁertwe) PagpmgLGER ot
geonetrical czmfd gueabeon E3t,endhegein asaver sﬁnwemfhaQSVbhmelsn&s:S aa@ld

35

analysis to dRaTTED 1 T Sores 2oipbie B Geencf, FEAN pariretirl’

respective onfasepfenaies dilvec tiedied eak rsesisl mS@narrEarmoki&s atntfrequencikesh
cor r espondi ng thandj pg %bhEEae%%es ﬂ{teﬁéﬂam‘o@é d?—) eEbV'aegleV1n?

conceptual frequencies relatable to natural 5 e vibration o
sai d nmenber (%Sjb‘“eﬁdngaﬁguﬁéer’uIOPe&@tﬂPé}ctQ%aBPedvmquilﬁesaﬁﬂéﬁaﬁéanﬁdldcer

achi evabl e aamiigtd ced) cftﬁipl@a afo Q&fet rimbed donenhed (Rkreg¢hath¥entRber

desired performnce of and determ ning corr ondi ng bendi ng
R LR 13k

stiffnesses i'NSait & nd TR a%ai @CPsharplly apperative
acoustécal ly au;m,atamie tareea;mnamby:eaf meaas (9)i mst ibpgapadsageaopobendong

in sai 1[5%@%5{ e ond o i or? Ki a
\INg\égts Ia czrr;)gsnent 0 (agl)alr d é(evr eg&&cglﬂaq nur)ne er ?frj(s{man@’g%lr sgllgg
operative arda. lamgtips @bt ﬁédeac@ér dihveg mesnkery fﬂ)ec@@i&drgael gpprdidhetesn

sai d anal ysigsrdm\wlaasmanlar prrdeteamoretenld rgsonant nodes that are
low rather than high in said frequency range. 20 21. Method according to

claim 20, wherein said predeterm ned resonant nodes include nore than

t wentys above 3nat kadudtindagenied ardoraiagedt£o8TEPhUANL ,f R €5aid

Eg;ther re'aiégié%éééfﬁ%é%d&?é%&”aéﬁﬂ¥$'%%é@a%%lﬁng%%Egguaﬁ f%gagegggggr
are so related that there is interleaving of said resonant
mode frequencies with spacings and consequent spread at or
approaching optimum for non-coincidence and evenness of

20 such spread.

33. Acoustic device according to claim 31 or 32, wherein
said conceptual frequencies are each definingly affected by
said selected values of different said parameters.

25
34. Acoustic device according to any one of claims 31 to
33, wherein said selected values are of corresponding said
parameters relating to geometrical configuration or shape
and/or to bending stiffnesses in different directions.

30
35. Acoustic device according to any one of claims 31 to
34, wherein said selected values are of corresponding said
parameters of a similar nature and selectable by a mutually
relative value, such as a ratio or a relative percentage.

35
36. Acoustic device according to claim 34 or 35, wherein
geometrical said corresponding parameters define shape of
at least said area of said member (2) for given bending
stiffness(es) of said member (2) through said area.



25 22. Method according to claim2l, wherein said predetermned reg NNy 2006
nmodes include the first twenty-five or nore above said natural resonant
frequencies. 30 23. Method according to any preceding claim wherein the

or each said nenber has danping neans (3, 2P) selectively applied thereto
as predetermned to control frequencies ggrresponding to one or nore said
resonant nodes;, 3|5uc§5hsd(;i&1 h@@vf@@oé@bﬁgdsﬁgcgt%i nttﬁé%im\é\b%lr,ei%é@étiql Sghﬁfqtl ve
danpi ng neans_i.ncl udes i ng_attachments medi a positions o
saing a?ea. 25 SIS ‘é%@‘g‘?%li %5 1 ygﬁf"@ﬁéﬂ?‘%\@fclpéirﬁ]me\m&seiSﬁPEE 0 ® MAY
2006 96 or egwmoftisailhmemberigt2)orthasott saboumdiiag @mco&@d&dﬁ@ﬂ;@ wbt h
said area. 26y ordi a r LN I ereln the 5 or
each said acgiuls'tmll\étﬁ%:EhL evsiaggl (jgf)%ﬁrggltaH%F%ﬁgggﬁ% gﬁp ?%gggggu ﬁ? g edges so
as to Ppernmit bending wave vibration thereat to a desired extent.

27.

Vet hod accor digg -l 26evaber ebBnsel dihG AN (bhineh0 |(2)S0eRPBhuEA W th
vibration-controlling material, (3)  beiween Said frane_(1) and said e %es.
28. Met hod adcdGMAYRFSElY ofe ditsl thhgkaees 2ed wmabebhe «f dsufkaingng

defined withibershirdy t vaney er sheedlionttlgd meinBel5 METLBES(2 B¥onBERSc4220)

adversely affecti.n ssage .o bendi ng waves .beyond,said area.  29. Active
acoust i cydeviccoélftf‘ﬁq‘]ﬁara? ng ﬂ?é?ﬁ@l%?%odla&urﬁﬂy g%’ﬂ 8¢ MEaiSsViPrataen

conpri®Gi ng t rearesduider areenwitd) r2@ocnanpl eddes theanebber tf2htaleast two
asymetric ofds Bl p?%%&&ﬁc?& axesy o lf@f&%}.&%}i{iﬁ'p%&(a}eghs 94

maxi mum m ni num di rensi ons irections of geonetrica araneters- away
from t he cor fancemdiaddgebregueneiemnbencho thegyi deredefegiotingdl towsti ng

to, and di st rijuguetyof ,re%%nb@%onaﬁae@pda%ifs%?useraﬁl agh9HdspeAkeht Q41
m crophone. 30. Acoustic device accordi to claim?29, wherein the nenber

(2) has a subsStEMTHHS? r eBf&ngufaF*a 6€“g‘?i cadt¥y Hper dCAPE saPAM8reaCt and
the trmansduceribresmnonzd)lyl snc3@ loacaieet adctai EoStdd hs WSt gaid dhtea for
cor r espondi ng i3/ a1 lact © AU 5/dS Ofnd eNGENS QL 45T 883 She L 0P
frequencies being shared by or corresponding to
vibrationally less or least active regions related to those
gsaid modes of the other of said conceptual freguencies,
20 wherein dimensions of said member (2) determining said
conceptual frequencies are in different directions across
said area, wherein said directions are substantially
mutually perpendicular, wherein said area is of
substantially rectangular shape with length and width as
25 gaid geometrical parameters or dimensions,and transducer
means (9) coupled to the member (2) at a position
substantially corresponding to 3/7 and/or 4/9 and/or 5/13
of lengths of sides of the member (2) used as coordinates

from a corner of the area or member (2).

30
39. Acoustic device according to claim 38, wherein said
substantially rectangular area has substantially equal
bending stiffnesses along its length and width, which are
unequal dimensionally by about 13.4% or about 37%.

35

40. Acoustic device according to claim 38 or claim 39,
wherein said area is short of true rectangle corners for at
least one diagonal dimension by an amount beneficially

relating attributable resonant modes to those arising from



(2) used as coordinates froma corner of the area or nmenber (2). Sﬁ %A
Acoustic device conprising a nenber (2) extending transversely of I MAY 2006
t hi ckness and capabl e of sustaining bending waves in an acoustically
operative area of its transverse extent involving operatively relevant
resonant nodes of its natural bending waye vibration that can be 0 9 MAY
2006 97 rel atethttlo aid Iweiakth tdimesieepi.ual frequencies that are dependent
on selected values of at |east two paraneters of said nenber (2), wherein
said menber has val ues of said paraneters predeterm ned to give val ues of
sai d concept ual. 5 Aceupleiti dsvibes aroeloactdéahgsaicd ceadmaro ,nodesredn said
frequenci es 5Mn@rgssm&pdaggggr If@%/eg 5‘% ahlsy tPoxaCQ' eV| ng
desired acoustic_operation of sal evice and tra ucer co pled
to t he® nenberP§PingnEiifdmass tas madser dltf§§ran§ub§t»lb?ﬁtt|aalltﬂyliyct &ngul ar

acoustical |y wpedaid wr MErdle)and the heagsduaan Wears §9rebeibpgated at
a position substantially corresponding to 3/7 and/or 4/9 and/or 5/13 of

I engths of sides of the nenmber (2) used as coordinates froma corner of
the area or mEberAdd)st ikb ﬂé’vi@ezoaebb@ddﬁgi e aﬁxa)irndlmg tQ>1€|@1&Yir3139

wherein said e r aiplge, re that conce fre uencl es
are so rel at ecﬁ%e]t% %g?@ is 1N tIlé-’lzsiL ng" at E?"ésSﬁﬁ%t %dgl 9°nai
f requkhci es weandigncs gt rers tﬁmse@]uémrsrpr eédotat bendiagpsoacfhnagsopsi mim

for non-coi ncideppe and-LUSUILSSoPT 1620 § ﬁpra?ﬁd hABgUSJAC fsyhee

according to claim 31 or 32, wherein sal onceptu requéencies are each
definingly affReieFiRllysaielaleing et Kidhuedls wIJranthimedes par khesers.

25 34. Acoustdri gy Rroat GosdilReigt® Ay @iachf dghahBBoldd.to 33, wherein
said selected values are of corresponding said paraneters relating to

geonetrical configuration or shape and/or to bending stiffnesses in _
di ffek®nt diretti d-krsouﬁﬂicSS deAdaest compeysdagaca omdinig:1t 0 (@MY ereendingai ns

31 to 34, whergl | pebectgd V@hyi@ ?Eg o cf:oéglﬁU??Q 8L aining
paranmeters of a S|m ar ‘nature and se | &5

bending waves, wherein the member (2) has a geometrical
configuration determining natural bending wave vibration

over its area with resonant modes relatable to at least

20 two conceptual frequencies, and a relationship between
said conceptual frequencies such that predetermined lower

frequency resonant modes arising from said conceptual

frequencies are correlated by at least some of
vibrationally more or most active regions of said area for

25 those said modes related to one of said conceptual
frequencies being shared by  or corresponding to
vibrationally less or least active regions related to

those said modes of the other of said conceptual
frequencies, and wherein said area is of substantially

30 true elliptical shape with its major and minor axes as
said geometrical parameters or dimensions and transducer

means (9) coupled to the member (2) at an asymmetric off-

centre position away from the edges of the member to

provide a beneficial coupling to, and distribution of,

35 resonant modes.,

44, Acoustic device according to claim 43, wherein the
ratio of the major and minor axes 1is substantially

1.182:1, and wherein the transducer means (9) is located



relative value, such as a ratio or a relative percentage. 35 36. Acqugtpay 005
devi ce according to claim 34 or 35, wherein geonetrical said correspondlnd?””
paranmeters define shape of at |east said area of said nmenber (2) for given
bending stiffness(es) of said nmenber (2) through said area. 09 MAY 2006 98
37. Acoustic device according to claim3goowherein said selected val ues of
sai d geonetriaal cpavatehats Specifiors panbitdweartdyarninzt | @8nofea St Ee

shape accordi to jyrensians in different directions across said shape. 5
38. Acoustic Iﬁ%\]/k?eclé gio?rrpsrlll ss‘lotn‘_"gntal e‘f-‘fg)a’é t(gn%i%gonq rANSVEFSR®ly of its
t hi ckness and capabl e of sustaining bending waves, wherein the nenber (2)

has a geometIdLal aLAnfd QUr 4Ly e dSLRLIHILAY MRl UT 2l PRI N JiAYE, VLBE! | on
10 over its area wth resonant nodes relatable to at |east two ‘conceptual
frequenci es, BEWRPSF r BREt iBstiantialdeencawrl beodéept uatti finmasawci @dosach

that predet erfgdiegs{OMeandl MeABRN Gk S WIAIMh MDEESy A 8L DGnd 1 P SALG LAl
conceptual fre ngi es are gorrel ted by at | east sonme of 15 Vvibrationally
nmore or nDstkﬁﬁgﬁsé' i s 25f “LaPPORted*®or those said nodes related to
one of said conceptual frequencies being shared by or correspongingdto f
vi brational | es r . least active regions.related to tho sai es o
t he ot her ofxg%id%%%ﬁggﬁfiaFeWPgﬁheﬁ8ﬁggfsiﬁng%r3? &Fﬁeﬁ??on§x5?g§é?%
nmenbek0 (2) dermmeveraelaai df cdormephiaknésequenti espabkei fdi shetaihing

di rections agidineincalvabeayHdiis] Nesdl fedbbect {HNSnake SUGSLADLLALLY
nutual | y perpendicul ar, wherein sard area IS 0 substantial Ty rectangul ar
shape with | SRR BHEWIM hdgseyninang gedmatadi chengingneeaies vibration

di nensi ons, angrdy ansdueeea MRAS 8ho8aHBE! added thel sabes €2) A feast
position su stantialIétcorrefgondlng.to 3/ 7 and/ or 4/%,and%3r 5/13 of

| engths of sid& SPYFREHEHheF LEI CB5L85as r & n5ELECIPPSALR CRRhEseRy
the drfea or menitkrcdyept3@aBIfrdguantiesdeviche taetorshatieteareimédn BSwer

wherein sai d ¢ URRLARS T Aldobd-64! 2RGHY AL§R1H8S #UBRIADLLA! ! ¥oS R vat

frequencies are correlated by at least gome of

vibrationally more or most active regions of said area for

thogse said modes related to one of said conceptual

20 frequencies being shared by or corresponding to

vibrationally 1less or least active regions related to

those said modes of the other of said conceptual

frequencies, wherein said directions are substantially

mutually perpendicular, and wherein said area is of

25 substantially super-elliptical shape with its major and

minor axes as said geometrical parameters to be determined

dimensionally for any particular super-ellipse defining

power factor(s), and transducer means (9) coupled to the

member (2) at an asymmetric off-centre position away from

30 the edges of the member to provide a beneficial coupling
to, and distribution of, resonant modes.

47. Acoustic device comprising a member (2) extending
transversely of its thickness and capable of sustaining
35 bending waves, wherein the member (2) has a geometrical
configuration determining natural bending wave vibration
over its area with resonant modes relatable to at least
two conceptual frequencies, and a relationship between

said conceptual frequencies such that predetermined lower



bendi ng stiffnesses along its length and wi dth, which are unequal _

di nensional |y by about 13.4% or about 37% 35 40. Acoustic device (h@clAdigs
to claim38 or claim39, wherein said area is short of true rectangle
corners for at |east one diagonal dinension by an anmount beneficially
relating attributable resonant nodes to tipase arising from 09 MAY 2006

I ength and wifltdgqubinmensiasonadt 4hodkeousiiieiteyi éeoaccardENdcbAcEheL A 40,
wherein said . anpunt is between about aég% and,_about, 15% f or_ di a%onal 5

bendi ng stif fHeeat B 5ot @ er PRETSIBSESnt i BY 1y 3% omlG3&Hdi ngome  of
stiffness(e) wibrtaiel drenglh resick wdtroslt react i vasredlondcofistatddeveésefor
according to i f.m 3 ein said substaptially rectangul ar
area has di agég{nﬁénlg%%ld%%d%i %%%%Q%ées)@%i f(ltng?en(??f r%%%en ?rrllaepgugf
stiffriess(es)frqguanrien redidisis ofshaged engvh amd wi dohrbgpandanguntto

beneficial |y viladd ignhAlly | hulabl 8rr e50R8At JMdBse t 9. d103R  2Ehskag frgm
its length andnvm dt h di nensi ggs. 15 43. Acoustic devi Ce conprising a nenber
(2) ext endi ndFans¥et<el POIES) t OF hildkhesStERE c&fabl Bl salneeprngl

bendi ng wavesfrewesreiied he wimrean (t&;)airdanarge@ﬁah@i cake CQ@IB%@&ﬁ@i&PDy
determ ni ng nat.ural. bendin ve vibratign ver .its ar, W th resonan
nodes rel at ab uetl'fagllzﬁ I%eagﬁe%l?‘d\%aﬁonéagt udFeEPeRueféilés, ahfift a 1S ot
rel ati®nshi p sidisteertiaslbiyd cevpeptebl ipt bqakncebkapsuchviitimt jredesepsatrned
| ower frequengy: o] . amde i Si ram.ssai ¢ _co f requenci es
are correlate 1b1f55§1et$ ngg{lqggngpﬁéfv?gffg??ong I%enor%t'e%%ﬂ%lloes af(;%% vaégy
regi ons of s&AFEBEFOrreRt e ediucasiodes valuedd)t oforigfmapin and

conceptual  friie@ensieas, MG Sy Rakd! (SSPABBHIEat 0o Vhdrabimsal |y
| ess or | east a)ctlve regions rel ated g t hose sai d nbdes of the other of
sai d concept U FFecﬂfénéﬁ@fﬂeﬁﬁ&cvw%é TTPRESY RPEAtLONofayhs RN at e 30

true X |ipti calgeshapf whehnetberajtoy pnovidaos dees fadsiadaicbgeoims resal
paraneters or, g n@nys t?irbq; tC;@nsrdeugcc%g{am{'ﬂ%{i}jndseE(f 9) coupled to the nenber

(2) at an asymetric off- centr€ position away 1romthe edges of the menber
to provide a beneficial coupling to, and distribution of,

48. Acoustic device according to claim 46 or 47, wherein
said member (2) has substantially equal bending stiffnesses

20 along said major and minor axes, which are dimensionally
unequal by of about 13% to about 22%, or about 32%, and
said defining power factor is about 3.5 to about 4.

49. Acoustic device according to claim 44, wherein said

25 directions are substantial mutually perpendicular, and
wherein said member (2) is of composite shape and has
substantially equal bending stiffnesses along and
transversely of a common major axis for parts of said area
substantially corresponding to super-elliptical and true

30 elliptical, respectively, merged with said common major
axis with said elliptical part favoured by about 1.1-1.3:1,
and an aspect ratio of favouring said common major axis by
about 1.2:1.

35 50. Acoustic device according to any one of claims 37, 43,
46 and 47, wherein said member (2) has different bending
stiffnesses in said directions, and said dimensions are
such as to give as near as 1is practicable substantially

equivalent results for said resonant modes as achieved for



35 resonant nodes. 44. Acoustic device according to claim43, whergjq jthe 2008
ratio of the mmjor and minor axes is substantially 1.182:1, and wherein

t he transducer neans (9) is l|located 09 MAY 2006 100 at co-ordinate
positions relative to the centre of the nenber (2) substantially 0.43 and
0.2 along the axes. 45. Acoustic device aogording to claim43, wherein said
5 nmenber has sutrstaantiizdlllyy equalalbendienglist f f sesE€neakdng)i t siAnj ogaand

M nor axes, \l/}gitrlc%tgiro%sdi q%rg:sllu%qrﬁg )éng,ne lé%lgpr?éj:gfeigggg%lﬂé& 2% or about

34% 46. Aco evide “conpri sirng 10 transversely
of its thickness and capabl e of sustaining bending waves, wherein the

nember (2) ham 2 ORQIRIH Lallev £OD LOULALIAR d81 CLTLILNG Ral M Ale DL
wave vibration over its area wWth resonant nopdes relatable to at |eas
two cohcept uBIY¥rediRitici eesWi a ie¢hidonshe babeengeip 1508ai donoapepalal

frequenci es stiedinidiatidy eget ehitReddiefesdiSauenodeseSINa SRS gFLSi Ng
fromsaid conc pttgg%efrequenm es are correlated by at |east sone of

vi brational | y* ‘nost active regions of said area for those said
nodes rel ated to one of said conceptual 20 frequencies being shared by or

correspondin o N t.ionally. less or..least active regio rel dto

t hose said mg;s es dz}dcﬂ]%lgt %r‘ho saacfSc rcdolr?@ezttouaﬁny fFEYU cﬁ%l,m%a%fei Psaid
di rectQ ons ar%l suiRrzgitn atthy onueaghl papdr pemdiegul ), ksl ddvephey meadsar ea
is of 25 subsgantbalhl y -1l PLihERk agh j Lts j Tl i n

axes as said %%orrg??i csaélllggglﬁﬁét}}eréb?%kgg gjgfegr@rﬁdqneég &%graréec%\gstl onanle? fgér; any
particul ar sUEIEQY | fSEAYERCAPEy CPERRFPPRELIRF (HO He t CanswoEer Aedds
(9) coupl ed treddiaant s .(2) at an asynmetric off-centre position away
from 30 the edges of the nmenber to provide a beneficial coupling to, and

di stribution of, resonant nodes. 47. Acoustic device conprising a nenber
(2) ebd endi ng3 .t r dowmtsiel ydevice sathoeckhags tandetapabse , ofwisarstial ng&aHd 35

bendi ng waves,q MhgH&IN rm\;‘gb ) . eqﬁrﬁ r.d cal_. .confiqurati
det erm ni ng ?lsaetluras}gen%%ﬁbl_ v@éell(léré ?ghﬁegver [ lsn%grae%t%r}t“ﬁeq}%essoﬁ%ﬁ)[
nmodes rel at aliite mesligl pPegdtions of said area.

54. Acoustic device according to any one of claims 34 to
20 53, wherein the or each said member (2) has its bounding

edges coterminous with said area.

55. Acoustic device according to any one of claims 34 to
53, wherein the or each said acoustic device has a frame

25 (1) applied about its edges so as to permit bending wave
vibration thereat to a degired extent.

56. Acoustic device according to claim 55, wherein said
frame (1) is so applied with vibration-controlling material
30 (3) between said frame (1) and said edges.

57. Acoustic device according any one of claims 31 to 56,

wherein said area is defined within said transverse extent

of said member (2) by means (22C) adversely affecting
35 passage of bending waves beyond said area.

58. Acoustic device according to any one of claims 31 to
claim 57, wherein said member (2) has an operative acoustic

frequency range spanning more than 4KHz.



two conceptual frequencies, and a relationship between said concep} Lhalr Y 2006
frequenci es such that predetermned lower 0 9 MAY 2006 ,;06 101 reql 5'
resonant nodes arising fromsaid conceptual frequencies are correl ated by
at |east some of vibrationally nore or nost active regions of said area

for those said nodes related to one of gaid conceptual 5 frequencies being
shiar eddby or Eﬂ)rren&nmnﬁﬂma dewlfcei bi’@ddlﬁi]l&id ¥td efgy Obné e@ﬁtcwir?yeﬂ egtens
related to thpse [ ot her,,of . sai d_ conce reguenci es,
wherei n sai d EI’(;I'fl)r ect| 5%%9% ggétgbsrwﬁf L1y nhietal 1y r?é’r%é?\ql:dﬁ?ul ar Hﬁ'dlc

wher ei n sai d fareguereyfrarges wibsttarinicatidg ss aper eehhcpdenaé Shageeméth its
super- ellipse defining power factor to be determned for any particul ar
relative dinmensional value(s) of its major and minor axes, and transducer

means 39) colffl ed AUt GredfiEice (agcqrding 4y mmi rore off -cbatme pbsi toon

away fromthed5 edeesiaf éae(in&ﬁ@mexto RNOoVheg anengfdiGirakeCodpbi1 88 L0,
and distribution of resonant rr%?ias 48. Acqustic device according_to claim

46 or 47, whergiH KR d HieiFer hd€ stbSladnt | ReLoveqlile beR#NAgdence
stiffnesses 2Areapumngrysai d maj or and minor axes, which are dinensionally
unequal by of about 13%to about 22% or about 32% and said defining
power factor is about 3.5 to about 4. 49. Acoustic device according to
clai M4, whédlei MerustiQxeNicet doperading subsanyt pak mft udldims 31  to

per pendi cul argg and,yheriel N said HRIRRY (3%3' spak c9mPesits Sprebgﬂa'lJ; S

substantial ly e ual bending stiffnesses ng and transverse
maj or axis fait Dt S NP hrRer ‘é‘ﬁtb"st%ﬁ?—?aFP?Sé%WJé’époﬁGrngar‘élCﬂar

super - el | i ptisgiale ardt tblaed30m@inbéi3tl @ﬁj , heshecty Vq|oWes'E9rB§ﬂd‘:Dh§h w8
conmon maj or £ axis wth said g%li t f avour ed about 1.1-1.3:1,
and an aspect Y2196t éﬁ%wr‘l Ed a€8 r]lcnﬁPSFaE%Pg EyedusREY %ands. 35
50. Acopusti c afesadal d@eodcgi.ng to any one of clains 37, 43, 46 and 47,
wherein said nenber (2) has different bending stiffnesses in said
directions, and said dinensions are such as to give as near as is
practlcable Sost Hqugtiye device according to claim 61, wherein said

lowest bending wave frequency is at least 20Hz.

20 63. Acoustic device according to claim 61 or claim 62,
wherein said lowest bending wave frequency is at less than
half, preferably about a third, of bottom of the acoustic

operating frequency range.

25 64. Acoustic device according to claim 61, 62 or 63,
wherein said member (2) has bending stiffness between
minima of about 0.1 to about 1,000 and maxima of about 4 to
about 3,500 Newton-metres, and mass per unit area between
minima of about 0.05 to about 1.5 and maxima of about 1 and

30 about 4 kilograms/square metre, depending on
size/application.

65. Acoustic device according to any one of claims 31 to
64, wherein said member (2) 1is a stiff light-weight
35 structure of laminated sandwich-type nature having a stiff
cellular core (22) and adhered skins (21) to propagate
bending waves and sustain said resonant modes at

frequencies of interest.



equi val ent results for said resonant nodes as achieved for 09 MAY 2@(}}3 M2 2095
substantially equal bending stiffness(es) in said directions, including

any appropriate scaling. 51. Acoustic device according to claimb50, wherein
said 5 equivalent results include relationship of conceptual frequencies

to which said resonant nodes of interest jaue relatable. 52. Acoustic

devi ce accor dég tAcamtionedetieéaiat®ozdihg tk) 8laiwmhersei nyhde-0f 8a8¢AH

sai d nenber ( has danpi ng n 3.1.2P) selectively app|ied thereto_as
pr edet er m neag%lolualcaornt? o1 < f r(g%ﬁeﬁééegh@{?‘ r SHﬁrb’isné’f{&“gn SR n3Peusalll
resonant nodesgdmERlAcandt iadhdensdceslatcor(@ilng Youmwd bs nmbaulwbers nasgai d
sel ective dani:gé% NBaNg i[}n(giz;%%%sq%qpl ng attachnents (2P) at nedi al

I 4~ Ac

positions of salid area. usti ¢ ‘devi ce according to any one of clains
34 to 520 53, wherein the or each said nmenber (2) has its bounding edges

cotermnous Wih sshaHiRa. 4891 céCaUsHa; AgVigs éff&?@dis!ég tvﬂn@f@’irfngagé
clains 34 to 53, wherein the or each said acoustic device has a frane 25
(1) applied oL t @eddds 1658ks fog gdrest bedrui AWy 8 - LvBEHAroRet hier eat

to a desired and ehisweéiﬁ.belmﬂmg iﬁ%@@Vfﬁ@q@@ﬁ@Ié@ tnegbcit)fe Cél@éﬂ% 55@01}4\&1,9;)%&?3)
id f 1) . Q _appl.i wi th_vibration-controlling nateria
EZ; weenr 22? d( Zglreréd?‘?? g%dl %g}edg Sdfi’t £An Agﬁug%ﬁl(?“ﬂeeg@ét actor JPHNECRAY

one Of0 cl ai nEneZIrgsn 58re whleear nmeditusir ehat scdaf beedan Idw lsaalsout 10

transverse e i r%gger e 22C sely.affecting
35 passage Oﬁ%&pﬁ%lﬁﬁs e or?élﬁg)gl %3( eg.gagé. gAﬁ‘Ség\[(ﬁ% gévF%% g%%%?di ng
to any one offXQmigheus1 O-§ tel P72 .’heiepnasgpdsrenber (2) has an
operative acoustic frequency range spanning nore than 4KHz. 09 MAY 2006
103 59. Acoustic device according to angnone of clainms 31 to 57, wherein

sai d nenber () hdCWPFer BT a@6GSEALNIt r&quetRiMr &Rge HhRHeihcEadds
t he dd nci demeendeareq(@ancyat Slédlt ABmtiSé i Lo gl ave HRe &E CASMNT0 I D @Y aBsuef

clainms 31 to0.3 square metre and lowest bending wave frequencies as low
as about 70Hz, has bending stiffness between about 5 and
about 50 or more Newtonmetres, core shear modulus that is
usually above 10 megapascals typically about 15 megapascals
20 up to about 80 or more megapascals, and skins' Young's
modulus of at least about 2 gigapascals up to about 70 or

more giga-pascals.

69. Acoustic device according to claim 65 , wherein said

25 member (2), at least for sizes between about 0.3 and about
1 square metres, has a lowest bending wave frequency that
can be as low as about 50Hz, a bending stiffness usually
above about 20 Newtonmetres typically about 50 up to about
500 or more Newtonmetres, core shear modulus that is

30 usually above about 10 typically about between about 20 and
about 90 megapascals, and skins' Young's modulus of at
least about 2 gigapascals feasibly up to at least about 70
gigapascals.

35 70. Acoustic device according to claim 65 , wherein said
member (2), at least for sizes over about 1 up to perhaps 5
square metres or more and lowest bending wave frequency
that can be as low as about 25 to 70Hz, has bending
stiffness above about 25 Newtonmetres, core shear modulus



57, wherein said nenber (2) has an operative acoustic frequency rgrgeiayhages
is wholly bel ow the coi nci dence frequency. 10 61. Acoustic device

according to any one of clainms 31 to 60, wherein said nenber (2) has a
ratio of bending stiffness to nass per unit area consistent, for

particular size of said nenber (2), wthox | onest bendi ng wave frequency

| ower thag thﬁxmﬂm;st%\oempm amfg@peﬁswl@ncandaﬁgen?leY@ﬁngabdmdgulﬁ@-062-
Acoustic devi ' ' erein sai end] ng, wave
frequency is age[e ?&@{ ézk%l%&g o%(g %%gglgc%%%i] UV %%cg?d?f;l 9?8815 ngﬁlEl or
claim62, wier®@h siglapasswdst- bendi ng wave frequency is at |ess than

hal f, preferabl y about a third, of bottom of the acoustic operating

frequency range. 25 64. Acoustjc device_according to claim6l, 62 or 63,
whereih sai d Menb@CALt It sABEHR NgCePT iR sEChaNe@me Mthi wkaibns abDuto0. 1

to about 1,00f andwhexeiB Ofsadlbutcdréo (2kout BaS00 Newson-dEidSe apd
0.05 to about 1 5 "and nmaxi na of

mass per unit_area.h tween

about 1 and éffrhtbglﬁ 414 | odf%?élfrfqua?‘gg’rr%’t?%al dep¥RdiHg-prlated  high

si ze/ appl i catfimgquesiny Acoudtarncidey iwareaceebtbnges0 any one of clainms 31 to
64, wherein said nmenber (2) is a stiff light-weight 35 structure of

| am nat ed sandw ch-type nature having a stiff cellular core (22) and
adher®d ski ns’q 21)Aqigrishadritiece bepdbrdinaves and swst aifh claing esdneat

nodes at  fremlenGiRs i | H8EStcor@d Mg\ﬁ)zoggslogt ggtuﬁgoughggbggw SFus

according to claim65, wherein said el lular core as s nodu
of at |east ABURTIRITiNGyapRIA sa%’ot%ﬁf?%]r et Shi ﬁr€24?n%uﬁ8m§rﬁﬁﬂhpﬁé of

at | east abatdcdvegtygapaseaindingb wavAC@esbhandeyi.ce according to clai m 65,
wherein said nenber (2), at least for sizes bel ow about 0.1 square netre
and | owest bendi ng wave frequenci es above about 100Hz, has a bending

stiff¥ess that3 .cahdmididloweabiong dOcdidimn 40 anyr ese off eclshiedy e®dubus

that can be ag | QA% #PULid%ore (22) has cells cooperating with said
skins (21) to afford useful tiny drum-like (cell-cap)

additional high frequency non-bending wave resonances.

20 74. Acoustic device according to any one of claims 32 to
73, wherein compliance of supporting said member (2)
affords useful additional low frequency non-bending wave

resonances.

25 75. Acoustic device according to any one of claims 65 to
73, wherein compliance of mounting said transducer means
(9) to said member core (22)affords useful additional low

frequency non-bending wave resonances.

30 76. Acoustic device according to any one of claims 29 to
75, wherein said transducer means (9) has at least a
movable bending wave operative part thereof mechanically
coupled to said member predominantly resistively.

35 77. Acoustic device according to any one of claims 29 to

76, wherein said transducer means (9) is of piezo-electric

type.

78. Acoustic device according to any one of claims 29 to




megapascal s or | ess and skins' Young's nodulus in the range fromabout 0.5
to about 2.5 gigapascals. 68. Acoustic device according to cl ai m 89, MAY 2008
wherein said 15 nenber (2), at |east for sizes between about 0.1 and about
0.3 square netre and | owest bendi ng wave frequencies as |ow as about 70Hz,
has bendi ng stiffness between about 5 andoeabout 50 or nore New onnetres,

core shear noth) uwhdratin s saisuakkgnaiover 10memgapasral sid ypifcakl ¥cabeut 15

nmegapascal s 0 t K re apascal s, and skins' Young's
nodul us of at%%f%gesetlcaz%ﬁlli f%% %ﬁ%&aFﬁ%p to about 70 or nore
gi ga- pascals. 69. Acoustic device according to claim65 , wherein said 25

menber (2), ajgleasdofariSi 4691 0et ween ahout 3c§395na%ut &%Ou %ggﬁg‘f&;es’

has a | owest bendi ng wave frequency that an be as low ds a

bendi ny sti f fHREHERINSF L abbFaNFBYGET20MRBIE ok r 6B t Wi cAaPV§ngbheai 150
up to about th@kor nore Newtonnetres, core shear nodulus that is 30
usual | y above about 10 typically about between about 20 and about 90
nmegapascal s, and skins' Young's nodul us of at |east about 2 gi gapascals
feasibly up t80at Amasttiaboddvide gtgapdbed! so 3hy7GneActustiLimeviseto
according to ai . rei j ne . (2, at least for sizes over
about 1 up tdﬂ%er é%%”%l%%ﬁﬁgﬁgzﬁg#gﬁﬁrbggﬁﬁﬁe%éﬁd1Foﬁ&§?aSEﬁBPHB%ﬁ§vBO
frequehcy teaidareherms(2low as about 25 to 70Hz, has bending stiffness
above about 25 Newtonnetres, core shear nodulus 0 9 MAY 2006 105 wusually
over 30 negapascals, and skins' Young's nodulus of at |east about 20

gi gapascal s r&ingi RF WPHE HAeviesracinraing ey epasehl elabng 1. 29cbast i c
devi ce accor 019 whea@inongadf cfPdiEde® O melds WHOS it Saisft CAgst22) has
cell s capabl e of congriguting,useful addj ti onal . vol une-rel at ed high
frequency nor DeRdihgPHRIEF e FGHYEN CRRETANL ¥ PREGUISIFEIRA i LB & cBFERRS to
any oke of clizitws W tthickhesshefeisaidamembere (@22) has structure capabl e
of contributing useful additional high frequency conpression/ recovery

non- bendi ng wave resonances. 15 73. Acoustic device according to any one of
clains 65 to 82. Acoustic device according to any one of claims 29 to

81, wherein said trangducer means (9) has its movable
bending wave operative part mounted to occupy less than
20 0.1% of surface area of said member (2).

83. Acoustic device according to any one of claims 29 to
82, wherein said transducer means (9) has its movable
bending wave operative part of mass about 1 to 2 times that

25 of portion of said member (2) covered or removed to
accommodate said part.

84. Acoustic device according to any one of claims 29 to
83, wherein said transducer means (9) is wholly carried by
30 said member (2).

85. Acoustic device according to any one of claims 29 to
84, wherein said member (2) has a substantially super-
elliptical acoustically operative said area, and said
35 transducer means (9) is located at a position inside outer
edge of said area or member (2) by about 15% of a line to

its centre.

86. Method according to any one of claims 1 to 28, wherein



70, wherein said core (22) has cells cooperating with said skins (29)MAY 2006
afford useful tiny drumlike (cell-cap) additional high frequency

non- bendi ng wave resonances. 20 74. Acoustic device according to any one of
claims 32 to 73, wherein conpliance of supporting said nenber (2) affords
useful additional |ow frequency non-bendiipg wave resonances. 25 75.

Acousti c deviszmdaccmailiynagisto eatermie o cla&fslmsfi&gt ovibZatWbenel nenergg 2)

I f t d . t d ; : 2
T or da. user GTORAI ot f sty O HURERAT Mo BeRUPT ars FEELRAREELonE
76. Acoustic memmmd csa:m]/ oaeud] ctasosaz® nhodeds, th&aemethoaai d
transducer rfe% é&ﬁxgaﬁ]tm ‘i %tb%%s%g ‘Pf‘%"ﬁo%B%ESB‘ V?tﬁi‘
'y 0 sal

t her eof mechani ca om nant Fresrstive
77. Acdustic %Pe\ﬁc@r%cépau rhfrtddnawwa)\r% braes@vﬁ@rzgleta@s 7®) viber éllnSSal d

transducer ne@isdiR) e OleRbeZrgd ECrterglfbnt}bEe sd8d ACUST G vqey Cgalg
according to ané]i e of cI ai 29 to 9 MAY 2006 106 76, wherein sal

transducer B r BB gnBEi C}E&hesénd-r#ﬁ‘ﬁ?%rts typk. paid
Acousti c dewmmmﬂnugi treseinain® fddewherein said 5 electromagnetic
transducer neans (9) is of noving-coil type. 80. Acoustic device according
to any one of clains 29 to 79, wherein said transducer neans (9) iIs
sur f ak®- nount&t t Metted@atamsthiver t@2jpny8 bneAodusiliad meei o ascowHengiho

any one of ClQB Zhd1qei80, MHRIN £ d LLarsduger v%?gﬁlggélhaéng{:ﬂ%eaﬁ

a novabl e bendi ng wave operative part nmounted I n~a recess
t hi ckness of A EFHeRfePILS B sukexess ©fdenide azeaotarngonbrahyt bpws of

cl aldms 29 to freh y&miepfe&@&élrrﬁiﬁ{??@@@irémaﬁiés&r%??a{ﬁodéé% g@l?{?/bﬂnféthodf o
bendi ng wave rative par.t Q_oQccu ess than o of surfac
area of said %’r “P mﬂcg{?g:ﬁrg‘l&é\%gch’ﬁce& gPRG L£8cahyoBReWdENL ai ns
29 tdl582, weeia nasaad foansHendingeamsve 9)t teamsducemdwrlaing bendi gsvwave
operative parfirfgir{ga%g%.%%g cjtaltl%c%iVeq?/s htat}ﬂ'lg contributions from most

up to all of said predetermined resonant modes.

88. Method of making an acoustic device having a member
20 (2) extending transversely of its thickness in an area of
prescribed configuration and capable of sustaining bending
waves over said area, the method comprising determining
location in said area for bending wave transducer means (9)
by analysis of distribution of vibrational energy from
25 predetermined resonant modes of natural bending wave
vibration of said member (2) over said area, and
identifying at least one region in said area at which high
or highest numbers of said predetermined resonant modes

contribute significant vibrational energy.

30
89. Method according to claim 88, wherein two or more
locations for Dbending wave transducer means (9) are
identified at regions in said area that in combination have
significant vibrational energy contributions from most or
35 all of said predetermined resonant modes.

90. Method according to any one of claims 86 to 89,
wherein said analysis additionally or alternatively

identifies two or more regions of said area that have



25 of portion of said nenmber (2) covered or renpved to accommdateoaﬂ'gﬂ 2006
part. 84. Acoustic device according to any one of claims 29 to 83, si ¢
sai d transducer neans (9) is wholly carried by 30 said nmenber (2). 85.
Acoustic device according to any one of clainms 29 to 84, wherein said
menber (2) has a substantially super- elhiggtical acoustically operative
said area, ar@;mﬁahtﬁEallr}ansduce@mﬁB@ﬁ@nt(&ﬁ%l st I og?}bggt%?gl pot3| t'e_ﬁt@rg?Sl de

' o its
contrc. 86, NEVTOH ACCOTHT g b Syt Ghe S SarrRe FoPen38t RGPS n 0 0 NAY
2006 107 said analysis extends to assessing_vibra}ional egergy _cogtenpdof
parts or sub as j d f.qr contr tigns fgro tedeter m ne ai
nat ur al resoﬁ%ﬁt &%%E?%itﬁgkﬁng%g ?grt%gg é%#%rf§|n§1§é?%r&§%|ﬁ§ a?BVeast
one | ogati on YPERN¥FRSakbeart@H opf bawiintg ngaveranadiscec emeasans()9) thy
first findingagid eapicineategneasel aicheal & hayhig sabdongfBt r hBULLONS
from hi gh ordgﬁgpe_ﬂgﬁggg§%§6$2€$ |%§g%%$geégrnkﬂed yesonané nDdFS" 87.
Met hod accor di , erein said analysis
extends to assessing vibrational energy cgntent_ ofdparts olr subar eaf of
said area forggontyibutions from sai redet ermi ned natural resonan
nodes, the me%%’od Z£cf'tulr‘fef'ue CAEHHY s?‘:ﬁ@l tae??w?ﬂcﬁ}fbgt% Y nBre PocatPORS
Wi thih015 saizP sr@dF ars ermhinegl Vicormn tioadsgeadermgans bp;ni)lrﬁ.lsflng; andggg
regi ons coll j y Vi cQn.r a
predeterm neﬁ%ﬁ%laé??mﬁgg. _ .d Efé{%@%ﬁéﬁaﬂﬁ?gﬁ%aégic&ﬁ% |tced3¢t§'/$cg ©
havi ng a neMﬁﬁmb@m ?@)Vé??éhépﬁgeK?aHQVem§én§ &0 ieansehi heensmber af2ar ea
of prescribedgontéaptiate oncaAfigPaRhe afosyeial nkagi RESAI Ngo Y69, auer
bendi ng. vave TIMEReerNEHG. (9955 by  SFERYSI S of SRSt R buBRERLST (5+8)
bendi ng wave er ( 0 trtbu s
vi bratsonal enernguridiony 2mdreegpicetingedheesadaatorndes of natural bending
wave vibration of said nmenber (2) over said area, and identifying at
| east one region in said area at which high or highest nunbers 'of sai d
pr edet er mi necP¥ escimntl s loudspeaker according to claim 92,

comprising resilient suspension (3, 17) between the
radiator and the baffle (6, 8) to support the radiator in
20 the baffle (6, 8).

94. Panel-form loudspeaker according to claim 93, wherein

the resilient suspension (3, 17) 1is of an elastomeric

material.

25
95. Panel-form loudspeaker according to any one of claims
92 to 94, wherein the vibration exciter (9) is mounted
wholly and exclusively on the radiator.

30 96. Panel-form loudspeaker according to any one of claims
92 to 95, wherein the baffle (8) is formed as an enclosure
having an open backed front box portion (52) adapted to be
mounted on a wall or the like.

35 97. Panel-form loudspeaker according to claim 96, wherein

the front box portion (52) is adapted to be mounted to
align with a cavity (110) in the wall.

98. Active acoustic device according to any one of claims



contribute significant vibrational energy. 30 89. Method according G @W’;llé‘ﬁ]
88, wherein two or nore |ocations for bending wave transducer means”( 5 06
are identified at regions in said area that in conbination have
significant vibrational energy contributions fromnost or 35 all of said
predet erm ned resonant nodes. 90. Methodiaecording to any one of clains 86
to 89, wherei tsmigb anatysi panddli foomall bydspeakéer nat) vebypridenyi hea two

or nore regi arga tha 9 006 ubst nt| ally
conpl enent gr;?&\sﬂbbr ati zﬂ gsﬁer gy&e@%\ﬁt%ﬁlf%butafghls? leomrggllagﬁFed PP ned
resonant nodeerighenybt ﬁ@ddammdmg!etromaylsoneuntedl abnsh86rtdiffor 6o
conprising the,sepcgl "ERLLAY i aRgeycel MEARS {dodh £OYp %%}%Dggﬁg

| east those of said resonant nodes contrlbu ting to a saidre
Act i ve® acoustiWEViICe BEEBII fgFam  driye on’éa@)l‘-a"eq’l%u meand 0 29 fvass aélh

panel - f or m | aiiggreakely (Hhe EHiSH NEown®al €s "BAPEFRER) WitR $8591ient

transducer neans (9), nounted to tl}-ﬁgr gr%nber as_vibration exciter neans to

cause the nerbEPTHH §'SESoFAR hYSER &BSustPEer aBfabBe FadpREoTde
acoustic out mﬁrmmyr,esumttngns&mdea hafaﬁlse (60, Deirkp mpmmdbegw@@ﬂ

supporting t 9 P m | ccor i m92,
conpri si ng rgzgﬁrl en suspe%'snldo%rill 3, %17‘)6 g‘ %Hgt radf ?BE én‘dotrﬂg"e

baf f |10 (6 8)theo ragdspdor pietoadicaldy.in 20 the baffle (6, 8). 94.

Panel - f orm | oudspeaker according to claim93, wherein the resilient
suspension (3, 17)_is of_ an elastoneric materjial. 25 95. Panel-form

| oudspeaker cor (P"’Wg?]t Formy Imsgreakes mecaling g et 99t hehereiat i on

exciter (9) itheriuiied (1Whoklsy aaperexehusiyebin@inghens aghdt Hor 30 96.
Panel - form | oudspeaker according to any one of clarms 92 to 95, wherein

the baffle (8) is formed as an enclosure having an open backed front box
portildn (52) l&faptRedhetle flvem doudspeatrraawablrdangt he tilkém 98 or claim

99, wherein the resgilient suspension (3) is of an
elastomeric material.

101. Panel-form loudspeaker according to claim 99, or claim

20 100 when dependent on claim 98, wherein the frame (1)
comprises a floor stand (23) having a ground engaging
portion (83), a substantially upright portion (84)
extending from the ground engaging portion and a plurality
of arms (85) extending from the upright portion, the distal

25 ends of which arms connect to the frame portion (1)
surrounding the radiator.

102. Panel-form loudspeaker according to claim 101, wherein
the radiator is rectangular, and the arms (85) extend near
30 to the corners of the radiator.

103. Panel-form Iloudspeaker according to claim 101 or
claim 102, wherein the transducer (9) is mounted on or
adjacent to the upright portion (84) of the frame.

35
104. Panel-form loudspeaker according to any one of claims
101 to 103, wherein the transducer (9) is mounted on a lug
(88) projecting from the upright portion.



35 97. Panel -form | oudspeaker according to claim96, wherein the fr{pgtMRpx2005
portion (52) is adapted to be nmounted to align with a cavity (110) in the

wal | . 98. Active acoustic device according to any one of clains 0 9 MAY

2006 109 29 to 85 as a panel -form | oudspeaker (81) conprising said nenber
(2) as a resonant acoustic radiator havingoa periphery, said transducer

means nount edld®. theneladiatmorlddsmerisar tdecomiiies t® ynprahe apdcngsepate

in providing co ic output fromthe radiator, an fra 1
supporting thgz8 rataodili:(%4dr FOEd SHS ﬁe&)lagﬁéﬁ}nﬁ PR*FeStI EEﬁPSHEEéﬁéné%n
means coupl ed between the frane and the radiator periphery, tlhe tra][\sducr:]er
nmeans (9) bei C d le i ng t and_further
adapted to nol\r/tgs' c11%9% e %}I atprdéﬁ?{at}{)e%dqﬁﬁgf&%& tggnierﬁfp%rl% &826_&‘3 er
accord?ng to i aFth 995 wHEreyein t Reef raddatoy MRy isest ianlightowadghy the
radiator. 15 d6Q Pappl skpamakqudspe 5{::%@0][}9'%:}39 h8ak] @ nh%éhetwekgié{f“

99, wherein the resjlient suspension (3) is o el astomeriC nater
101. Panel -f ot rfsou{fsldefaker according to claim99, or claim 20 100 when

dependent on claim 98, wherein the franme (1) conprises a floor stand (23)
having a gro e i ort.i.on 83 a substantial ly upright _portion
(84) extendﬁ% f p%%’glt‘ﬂeg %?%%ént cencé)eav % %%??Ii'%]rflgan%o aa/]i)Y u?%%i ? f:ﬁ)?l‘a?ms
(85) ¥xtendi P froemBbhe ipraghoudspeater (8 )di stepr2hirendsn obnwhbstray s
connect to thg {fq Qe tinn Jgl)y %Hk&%%qg'Q%d%g%oEaghaERE:eﬁggo?ﬁ?geléform
| oudspeaker according to claim 1(511, wherein ‘the radiator_ is rectangllar,
and the arns BPLi@atenqugegnsigy t 671 he mevntdng otheheradiditanr in10ghe

Panel - f or m | cisdsiepakes &gﬁorﬁﬁﬁﬂohg¢0|ﬂ6@%ﬂéﬂﬁFrrel%ﬁﬁﬁﬁ:1@%5{?@%E?%§a1§$
aneducer (9 dTount el odh 2000, 09, e T a pOLL on (8],
101 tib 103, whetigiton heot ransductete (Bgmbernmumt eibpara bud Lnadedj €6t i ng
fromthe LW”iéygvﬂayﬂg(gEod%éidwgﬁt%%QGfrom the radiator, and means (11)
for varying the air pressure in the enclosure to cause the
radiator to move pistonically.

20 108. A loudspeaker according to claim 107, wherein the air

pressure varying means (11) comprises an air pump.

109. A loudspeaker according to claim 108, wherein the air
pump comprises a subsidiary enclosure (185), a pistonic
25 driver (42) mounted in the subsidiary enclosure and means
(90) coupling the interiors of the respective enclosures
such that air pressure waves produced by motion of the
pistonic driver are transmitted to the said enclosure (8).

30 110. A loudspeaker according to claim 109, comprising
acoustically absorbent means (51) in the said enclosure (8)

and/or in the subsidiary enclosure.

111. Active acoustic device according to any one of claims
35 29 to 85 wherein the transducer means (9) is an inertial
vibration transducer comprising a motor coil assembly (13,
18) including having a coil (13) rigidly fixed to a tubular
member (18), a magnet assembly (15) disposed concentrically
with respect to the motor coil assembly, and resilient



110 105. Panel -form | oudspeaker according to any one of clainms 98 @ HM’ZDUB
conprising a balancing pair of transducers (9). 106. Panel -form | oudspeaker
according to any one of claims 5 98 to 105, wherein the radiator conprises
a light-weight core (22) separating a pair of high nodul us |ight-weight
skins (21) . 107. Active acoustic devicezlaqcording to any one of clains 10
29 to 85 in andammdspeaken e 8l3ummnirirsi nghan renplaisuagsesblgd NEswerx{2) as
an acoustic radi i . encl os , onpl..ant_su nsion (71
nounting the "r%;}cﬁq‘getq%tr ?%i{kﬁle énle%fgl gégr gl%ftg% prgl)osltlon?sése veyn’eni(f)h?egg%)wlgr

t hereto, sai dnenbemsdu8er besmes adapted wholdey andidkyl ueiuveky ot heidb
radiator to qagset he)nenber to vibrate and resonate in providing acoustic
output fromthe radiator, and neans (11) for varying the air pressure in
the entlosure to cause the radiator to nove pistonically. 20 108. A

I(titi;isr)eake_r acenr R ¢ acdcﬁilsaegiw?ﬁv&*&?r %ic%l?tﬂa@n%i rtodellaatﬁluaﬁlly%ﬁ%ggiﬁeans
conprises an air. punp. : oudspeaker according.to claim

wherein the aqﬁ}e E}@Hﬁl%%%fl‘%%% EL&)bs? df 393 I b cPoenFed (d855ct by pFet bhec 25
driver (42) mmnritead (2) thie ssiesiicieampgatacl(asyre)and nmeans (90) coupling
the interiors of the respective enclosures such that air pressure waves
produced by notion of the pistonic driver are transmtted to the said

encl okQre (8)113B0 AdmiveA deniiipenkdsviaet adionding ctai eddde, 1tbnpri g
acousti cal | y \ahsrhent haeanss { bildnt Nl sSai do ,ef§éPSLHd?né)(I%.)setsanﬂ{lgﬁaii‘yt Pe

subsidiary enclosure. 111. Active acoustic device according to any one" o
clains 35 29RRPS8S A ONHE Meakedscdispegasd po) opeoahtengidesq) of

vi bration trasglueRinedo ¥y denivlg . a notor coil assenbly (13, 18) including
having a coil (13) rigidly fixed to a tubular nenber (18), a nagnet

assenbly (15) disposed concentrically wth respect to the notor coil

assemB y, andl4esiAdtEinte Gdbudid @al6rildel aamanrdbing Gd 36)avuppdrf i D2t be
magnet assenb, f i.al. rel.ati h . _¢oi| .ass ,
The tubal ar | T ELe e RSERIAStad b baoriPatyenatneLacrateafatnd
menber (2). tubular member (18), the resilient means (19,136) being

mounted on the caps.

20 115. Active acoustic device according to any one of claims
111 to 114, wherein the coil (13) is mounted on the inner
face of the tubular member (18).

116. Active acoustic device according to any one of claims

25 111 to 115, wherein the motor coil assembly (13,18) is
adapted for reception in a correspondingly shaped cavity
(120) in the radiator (2).

117. Active acoustic device according to claim 114 or claim
30 115 or claim 116 when dependent on claim 113, wherein the

caps (59) comprise the resilient means (136).

118. Active acoustic device according to claim 117, wherein
each said cap (59) comprises an annular compliant roll
35 surround (136).

119. Active acoustic device according to claim 117 or claim

118, comprising magnetic shields (121) over the caps (59).



5 112. Active acoustic device according to claim 111, wherein the t&ﬁalﬁh 2006

menber (18) is rigidly nounted directly to the nenber (2) by adhesi

means (16,20). 10 113. Active acoustic device according to claim 111 or
112, wherein the resilient means (19,136) conprises nutually opposed

el astomeric nenbers di sposed on oppositeisizdes of the magnet assenbly. 15
114. Active ammsmcmldeanmlmm d:leﬂg].dé) a:é@cbmﬁﬂgl té-ligﬁronélaf €0HRMES! NQ

caps (959, 119) | osi e axial of t t ub, ( the
resilient msanscl( 8 be}r(lﬁrelrl %fed ] thec% as56 ig é&%’l
acoustic dewaﬁt&mmﬁortdz g tragadglyorfexeﬁ tbabnfacéldft bhé 14adnheoei (2} he
coil (13) is nmounted on the inner face of the tubular nmenber (18). 116.

Active acoustic device according to any one of clains 25 111 to 115,
wher eih the rotlor AViivaassawatiq fevige |a§ca>€a’ﬁtﬂ§dtpoﬁllaémeéﬂponwmraln

correspondi ngine shapeadt C@yéérwolj 1209) i aoﬁ\ﬂaﬁlé@@il a%%&sséa)geﬁézalfgt HYEC-
acousti c devi.c, acco di rg)aﬁt gé ﬁt"lT 114 or claim claim1l
e

dependent on 18, BRRE Ek&‘fﬁsp@ﬁQP@Sﬁpﬁfseort‘-ﬁeOrfes"i’l'H@ht1ﬁeans
(136). 118. Ahtspossai:omthtnde\wdcea@j:a:@@d& Ngot ocled aim@ta;i?,ccymer 8bBemB2 h

id 59 I roll rroy 136
,Sbglti vgagcc()us%(ilgq%: zg%fgg)or STy C?”Eh% gfjflegr of| ?ﬁ’?’f‘nc 1?@ c8 FF% ?13
magnetQd ¢ shi eﬂQifST\e(dlzn;)tlb\ﬁerflmezab‘SGZ)SQE)rrm@g%\tQODﬁe 14Qjadeft #ot and

acoustic deviiee REGQHNEHO nRR%roRs:8f acha EBE?/_.l_ll to 115, wherein the
notor coil assenbly (13,18) is adapted to igidly fixed to a face of

the radiator (2). 5 121. Active acoustic device according to claim 120,

wherein the magnetAcaslwblafcdds&)icporawm mﬁ;i;%eneﬁal | ¥18igc-1bi ke

I i 4), .the periphery of e of ichis I sposed W t hi n” and
ggj gcglntecte?) RS f9chr2 gﬁ??ggqs%%%ﬁnﬁmg‘?ES (1d), ishes RELWRRN oPRRr of

whi ciL ol e picdcehe pole pdewes antihaafbbengé (hé2yaaiaesged to |ie adj acent
to and to surround the notor coil assenbly. 122. Active acoustic device

according to claim121,
123. Active acoustic device according to any one of claims

111 to 120, wherein the magnet assembly (15) comprises an

opposed pair of magnets (15) sandwiching a pole piece (14).
20

124, Active acoustic device according to any one of claims

111 to 123, comprising complementary magnet assemblies and

motor coil assemblies on opposite faces of the radiator,

and means (93) tying the magnet assemblies together for
25 push-pull operation.

125. Active acoustic device according to any one of claims
29 to 85, wherein the transducer means comprises an
inertial vibration transducer including a plate-like piezo-
30 electric bender (27), and means adapted to mount the bender
on a said member (2) to be vibrationally excited, the
arrangement being such that a substantial part of the
bender (27) is spaced from the member (2) for movement
relative thereto.
35
126. Active acoustic device according to claim 125, wherein
the Dbender mounting means (93) is disposed substantially
centrally of the plate-like bender (27).



wherein a resilient nmenber (17) is sandw ched between one 15 of tgq I
pi eces and a face of the radiator. 123. Active acoustic device acc rhW?Bﬂﬁ
any one of clainms 111 to 120, wherein the nagnet assenbly (15) conprises

an opposed pair of magnets (15) sandw ching a pole piece (14). 20 124.
Active acoustic device according to any qng of clainms 111 to 123,

conpri si n]g c argot .frmujaradaagnetias&gémié@s a@&@)rdﬂ'ﬂéort§ﬁidla§§§eﬂ@$i es%ln_
opposite faces of t radi ator,. and nmeans tying.the net asse i es
t oget her for C%ﬁ%ugﬁ’pu??m%ﬁ]&ﬁ oh. M35% (é\gfi %g‘éﬁgﬁs{:f’cgﬁ%v?@é’lﬁé%?fdi ng
to any one ofofcitdierderR®rt.0 85, wherein the transducer means conprises an
inertial vibration transducer including a plate-like piezo 30 electric

bender_ (27), and neans adapted to nount the bender on a said nenber (2) to
be vi brationald8. Atiierl,aqdestig rdgigeremcterdinsuch thatmalabbstaht pal

part of the hendefhdAn ithe RRASA iiHOMRE erg(2) 1figh NLig;
relative theretq. 35 126. Active aéloggti g de\r}?g‘g égcor il%gttwg\igﬁgi %ﬁ&g
wherein the * nounting neans (93) is disposed substantially

centrally of the plate-Iike bender (27). 09 MAY 2006 113 127. Active

acoustic devi accqrding to claim125 or_ _claim 126, conprising a_nass
(25) secured ]tczgg't Ferd %hce?ifctlocf rg%velcbeen%cé‘?‘?r 1N -0 A?:?Yv%n%CBgsFieli‘}%vi ce

accordi ng to Id%i w0 1238, 12isgreinl 27he wheeeonel et mbeinbendereaiey )( AP 6§ a

l'i ghtwei ght rd,gj MEBReE. k29 Active acoustic device according to any one
of claims 1 t%}Z‘C}Sjcato 128, Wherein t he pi ezo-el ectric bender (27) is of

crystalline form 130. Active acoustic device according to any one of

claims 29 to#ih, AMERA Mmddies ANy mmé S&?yaoﬁé ¥Ebrabigp
e

transducer (9)_ to vibrate said penber at a facg hereof, the vibration
transducer (9° cofpri$ing YR ©oRI hERABEGeY 13meams haompyiacRoi f
(13) 13 gi dl y Wfiibredt itan  tardndiilasr megbeto ( #8bratbe sERHOmek®Idr agsesbEycbei ng

thereof, the vibration transducer (9) comprising a motor
coil assembly (13, 18) having a coil (13) rigidly fixed to
a tubular member (18), the motor coil assembly being
adapted to be fixed to the said face of the member (2); and

20 a magnet assembly (15) having opposed disc-like pole pieces
(14) , the periphery of one of which pole pieces is arranged
to be disposed within and adjacent to the motor coil
assembly, and the periphery of the other of which pole
pieces is formed with a surrounding flange (90) adapted to

25 surround and to be disposed adjacent to the motor coil
assembly, the magnet assembly (15) being adapted to be
secured at its centre to excite said member (2).

131. Active acoustic device according to «claim 130,

30 comprising fixing means (93) to secure the magnet assembly
(15) to the member (2).

132. Active acoustic device according to claim 131, wherein
the fixing means (93) comprises a fastener (91,92) adapted
35 to engage in a cavity (29) in the member (2).

133, Active acoustic device according to claim 132,
wherein the fastener (91,92) comprises a spacer (127) for
spacing the peripheries of the pole pieces (14) from the



adapted to be fixed to the said face of the nmenber (2); and 20 a n'&g%el‘ﬂAY 2006
assenbly (15) having opposed disc-1ike pole pieces (14), the periphery of
one of which pole pieces is arranged to be disposed within and adjacent to
the notor coil assenbly, and the periphery of the other of which pole
pieces is formed wth a surrounding flanga4(90) adapted to 25 surround and
to be di sposethialljnaodrir t(@)t.he notor coil assenbly, the magnet assenbly
(15) being adapted to be secured at its centre to excite said nenber (2).
131. Active acoustic device according to claim 130, 30 conprising fixing
means (93) tdXFecd inire gl askenity ad¢doyding tthe amypbene (28f cld3ds
Active acoustyi i ac e f

1% deyi £83 eg&gwglﬁ%dg&aggé&%%ﬁ a¥Pehstd: Loe %lsagbﬁf‘(fgg)

(93) conprises a fast ener to engage I'n a cavi

the mehber (213283, W|W%ﬁ$@%ﬁ%e Ja%)co@@ﬁiwge@of@ramﬂum@ng on

wherein the f@gﬁ@w ﬁaQ:JesQ?af Cﬂi&”é&ﬂiﬁ @erﬁt@@ﬁexzx12;Zﬁdfﬁéan§p%§w9twﬁ
peri pheries t he Bgl e pie 214 fromthe 09 _MAY 2006 said %

114 134. ActiV¥ atGHSEPE ¥ hg atséegl%ll&ﬁe 6%5b|éi%ethfa@ €6r133
conpri sing cqmdl-e’rmﬂﬂarqpemltdbncml assenblies 5 (13,18) and nagnet
assenblies (15) adapted for nmounting on opposed faces of the said nenber
(2), and neans (93) tying the centres of the nagnet assenblies (15)

t ogetlfer for 13jusiiqhuive Gmeuatiion devd ce3Biccactliing &ooudhim dedi cehacedndi ng
to clai m134,nehef ghtendPe (bashenehae9 hdis h?§5hﬁ§?| eogp%@s#%te Oas | L gqends

and adapted to en%:ge t he respective nmagnet, asse ener
(91, 92) conpA@RTES bai rerlﬂ‘agent ERenJRAnRFdcfeewnaene badesmhiliiasns the

(94, 96), and fepaetierTEEIS, 9(21)9)cca1qﬂoitﬁd1915af§é1ﬂléﬂ%hteﬁélngggﬁﬁ@nécisewthe
fast ener and gldae[)aﬁie for sandw gg gg bet ween t he respect|v§]69r3'a g

assenbl i es an o oERtP S d dSHEADer "E3PS 1 ARtlaREed
acousts ¢ devifee adtepol gl adyaoentoftoclt'ahasrsfaaﬂeﬁéﬂ aadl Iddpgtddierdpr m
of a | oudspe o] I ( npri si .an acoustic
devi ce accor ?éngﬂl%%éﬁfoﬁﬁ T reglmrens §£E0eeg,}§|§;e s%%én%gnbaesse"g’gﬁ?& aanél
resonant acoldls eppesiest §acwist REshhe epadstevber (2) .

136. Active acoustic device according to any one of claims
20 111 to 135 in the form of a loudspeaker.

137. A panel form loudspeaker (81) comprising an acoustic
device according to any one of claims 29 to 85, said member
being a resonant acoustic radiator with said transducer
25 means comprising first and second transducers coupled to
the radiator at spaced positions each to cause the member

to resonate and provide acoustic output from the radiator.

138. Panel-form loudspeaker according to claim 137, wherein
30 the first and second transducers (9) are adapted to operate
in different frequency ranges.

139. Panel-form loudspeaker according to claim 137 or 138,
wherein the first and second transducers (9) are mounted
35 wholly and exclusively on the radiator.

140. Panel-form loudspeaker according to claim 137, 138 or

139, wherein one of the transducers is electromagnetic.



25 neans conprising first and second transducers coupled to the rag‘j @Lj@fy 2006
at spaced positions each to cause the nenber to resonate and provide” '
acoustic output fromthe radiator. 138. Panel -form | oudspeaker according to
claim 137, wherein 30 the first and second transducers (9) are adapted to
operate in different frequency ranges. 13%. Panel -form | oudspeaker

accordi ng to lollai &kl -dortB8 ouddaatier tdawdidisly aisl Seeoofet 6aNsUHERES

(9) are nDunt |y d_exclusively op the radiator. 140. Panel-form
| oudspeaker accor?ﬂ n\é\lﬂgé clvz}?meffi “f'ss % Q?@ et ‘?‘hcﬁ‘ige df t R&s20-
transducers isslesitetitar.omagnetic. 09 MAY 2006 115 141. Panel -form

| oudspeaker according to any one of claims 137 to 140, wherein one of the
transducers is piezo- electric. 5 142. Active acoustic devices according to
any ore of cllidi%rs AUd M BHUEL ig slevdicepoprcrsddsgesRernyconpr PEi agaiinest

and second s ddrEWerss eAPRNEIFA%S QT udlspd akieh St c%ﬁ\?riggﬁﬁdfnfétdand
transducer neans, fes e tivel cou Eed tgﬁreto each 0 causSe It

associ at ed sdlSf oMGTBTLE eeﬁ wshngssoci@tad frigiiici M agBaeRic
out put. 143. s!%amielefmmmmndsmeaker mg@dtﬁgeug,amb@l%doftlﬁéﬁéu’ﬁa edd to

141, conpri si c als a SOCI sal t ransducer
neans (9) totrcg)gucgauss%tql |§%rg é—’l@‘% aﬁl& r'e‘:]s(,a Ste P 359 i /Y aESﬁng‘Ee

out ptQ t he s@cmdummeuac(om)stba pytpobnt ed on or |n the first said nenber
(2); and a resilient suspension (3) coupling the first and second nenbers

(2, 4). 20 144 Panel -form | oudsé&paker accordi ng to claim 143, wherein the
second nmenbert43s) Rahedydoray Loy qEBENG 1£q My fonet ofreabatmg 2) |

145. Panel - fwmleudspeakerc@ﬁ‘;ﬁﬂsi@ 20 gbabﬁulfkaer%er%mql abMsd44with
wherei n the secondat1t %nsdu er is gount ed wholl\é and exclusively on the
second nember iy sﬁl%aﬁgf—mﬁ PeEoSPREd (POuliSpEaKer- Ahdtei K%Bﬁﬁ%ﬁe

conprlissi ng arami:omstspnadew mn aproviding t ;canes e @fut@ﬁhtcl ath® 28etond>S,
sai d rrpnber hel @)so?g a%%ttl I@dggt ar, Q \él D5 %’[I on% I M‘ﬁ'géc' t ed
i Favi

by a first trans ucer PdtTansducer neans, ato
second (2); and a re8111ent suspension (3) coupllng the first and

second members (2, 4).

20 144. Panel-form loudspeaker according to claim 143, wherein
the second member (4) is mounted in an aperture (82) in the
first member (2).

145. Panel-form Iloudspeaker according to claim 143 or
25 claim 144, wherein the second transducer is mounted wholly
and exclusively on the second member (4).

146. A panel-form combined loudspeaker-and-microphone
comprising an acoustic device according to any one of
30 claims 29 to 85, said member being a resonant acoustic
radiator when vibrationally excited by a first transducer
of said transducer means, the radiator having a second
transducer coupled thereto to produce an output signal in
response to resonance of the radiator due to incident

35 acoustic energy.

147. Panel-form combined loudspeaker-and-microphone
according to claim 146, wherein the first and second

transducers (9, 63) are mounted wholly and exclusively on



transducer coupled thereto to produce an output signal in responseotg) MAY 2006
resonance of the radiator due to incident 35 acoustic energy. 147.

Panel - f orm conbi ned | oudspeaker - and-m crophone according to clai m 146,
wherein the first and second transducers (9, 63) are nounted wholly and
excl usively on 09 MAY 2006 the radiator. 146 148. Panel -form conbi ned

| oudspeaker - attik maatigptvane according to claim 146 or claim 147, conprising
at least 5 two said second transducers (63). 149. Panel -form conbi ned

| oudspeaker -and-m crophone according to claim 148, conprising a further
transducer (168. auldiadh wi t h adwbiredi at or llcmdepedkes -ansi-gdak-ophoh®
response to rgsQnady t di ator t.o 1 ncj4en [ C_gener and
maansoéj64, 65) for gggmc))éa?iﬁfa%rﬁehggi gr?gluecgleaﬁleré 2J€4eﬂ’ b%/orpﬁg%sl%{l% ?gr?ﬁg%‘t
transducer witP t3eEd ssicarkbsaagerecared (9¢)the said second transducer(s).
15 150. Panel -form conbi ned | oudspeaker - and-m crophone according to claim

149, wherein the co ri son neans onprj ses a signal receiver and

condi ti oner (]6%' aﬁ?gp "gff%m outﬁﬂ"&ﬁ'é"z?ﬁ’s ( 66)LousFPeskeraapdnmicrgphpne

m crophone canprdmsiing atoacslsin c1deyi ceom@eianirdi ng tPuiBe®nerahsaliabss 29
to 85, said er I stically.excited el enent, and sai ,

t ransducer megntsJ ?gg‘l(’:%%%‘f%‘g &%gﬁl fhgndr%%ef 'vlé(f’ypffg‘aélgied %?Tb%‘?g][ ol
produc® a siggaponse r §oponseocnancesarfantdeof raitatenbetuslued oin2bdent

i nci dent acouygtdifstSREr gy 2. Bageladidn niggr ophgne ord] .a cl g

151, conprising at Ieasfrgj\%’) sal tn} ansducr:pgré (5;9%31)6&; C‘ggﬁ%frér?lgnt ehd!

| ocati ons on &R IneFRReTARA 1188 then&aityrinthhato pHerrsdecey dvhight shatai m

151 or cl ai mofl Ghogehefeidtaithd of eaehshiansduend £9anbdhcis (&) pi ezo-
el ectric device. 35 154. Active acoustic device or panel-forml oudspeaker

and/ or panel -form m crophone according to any one of clainms 137 to 153,
conprisi ng a YatanePari)l SAgppor t | ngdnivd nealdi at ol oud@@peased -antiesibirephone

suspensi on (3o - MHLN dde 139hA1 %9, wherein the comparison means

compriges a signal receiver and conditioner (65) and signal

output means (66).

20 151. A panel-form microphone comprising an acoustic device
according to any one of claims 29 to 85, said member being
an acoustically excited element, and said transducer means
is coupled wholly and exclusively to said member to produce
a signal in response to resonance of the member due to

25 incident acoustic energy.

152. Panel-form microphone according to c¢laim 151,
comprising at least two said transducers (9, 63) at

different locations on said member.

30
153. Panel-form microphone according to claim 151 or claim
152, wherein the or each transducer (9, 63) is a piezo-
electric device.

35 154. Active acoustic device or panel-form loudspeaker

and/or panel-form microphone according to any one of claims
137 to 153, comprising a frame (1) supporting the radiator
(2), and a resilient suspension (3) by which the radiator
is attached to the frame.



is attached to the frame. 0 9 MAY 2006 117 155. Active acoustic d@w ¢fyobyg
panel -f orm | oudspeaker and/or panel-form m crophone according to claim ~
154, wherein the frame (1) surrounds the radiator, and the suspension is
attached to the edge of the radiator. 5 156. A suspended ceiling tile (36)
conprising an acoustic device accordingitig any one of clains 29 to 85 as a
panel - forn1gcoustic radiator or, | ougspeaker, wherein said nenber has said

t ransducer - CPHERBUNtEPIH T y SRH D eXREI uBPPELyEPREr edRUESPeaker

vi brati onal | yarekit e el nier mddrosiantse idcdOrdimy at€oandlaegsonatg, in
provi ding acqQuystic o ut . 157. spended ceili tile.according to claim
156, mhereinQHTgx?ﬁ% #é%be?r?ﬁ? cgﬁprﬁ§§§0 n@@llgﬂﬁr O A ) §%ﬁbmf§ﬁed
by hi gh nodiugpasidimen (iz1attesBedStspehegeddgei bEnghei kedagcording to claim
157, wherein the cellular core (22) is of foanmed plastics (97). 20 159.
Suspended ceiling tile according to claim156, 157 or 158, conprising
resilient susinsi oh FayPendpdseeihing heilpefdpheegmprishedradi arousty to
support the rdliialdraddp:@ing tRersgd 0%l Ling1biABE2699%- 835 460a sHaREDdCd
ceiling tile according to any. one of clai 156 to 159, wherein the

t ransducer (é%ﬁ@;%ﬁPé%ﬁﬁqiEgalQH?ﬁeﬁ?oﬁbga%ﬂ%@ﬂ%%r.W@ﬁrﬂﬁﬂ.S%&@i§9§Per

di spl ay appartastsus esatfri sirghstiuousiegnsdevige omopanel- f arvlligudspraker
and/ or, panel - 17 Gl O n ccar di. 0 _any.one_of claing 29 o 85, 154
or 2%%, thtg%§¥Qf#¥§ e& %%%ﬁﬁ‘%ﬁbV93§€§POHF§&Va§XSbBSra?g§ m@@%ﬁFi@Fﬂg a
notice or theduse bbartb (48pratewnand mescrese3sior grwerildikegy canohetitxed
e.g. Wth pingt said transducer neans (9) nounted wholly and

exclusively on said mnenber (2) to cause it to vibrate and resonate form ng
an acoustic radiator which provides acoustic output when resonating. 0 9

MAY 2006 157. Suspended ceiling tile according to claim 156, wherein
15 the member (2) comprises a cellular core (22) sandwiched by
high modulus skins (21).

158. Suspended ceiling tile according to claim 157, wherein
the cellular core (22) is of foamed plastics (97).

20
159. Suspended ceiling tile according to claim 156, 157 or
158, comprising resilient suspension (3) disposed at the
periphery of the radiator (2) to support the radiator in a
suspended ceiling frame (99).

25
160. Suspended ceiling tile according to any one of claims
156 to 159, wherein the transducer (9) is an inertial

vibration transducer.

30 161. A visual display apparatus comprising an acoustic
device or panel-form loudspeaker and/or panel-form
microphone according to any one of claims 29 to 85, 154 or
155, with said member being the visual display apparatus
comprising a notice or the like board (48) to which notices

35 or the 1like can be fixed e.g. with pins, and said
transducer means (9) mounted wholly and exclusively on said
member (2) to cause it to vibrate and resonate forming an
acoustic radiator which provides acoustic output when
resonating.



118 162. Visual display apparatus according to claim 161 wth clai 1%% ’
wherein the franme (1) has a return lip (4) concealing the suspensio 006
5 163. Visual display apparatus according to claim 161, wherein the

radiator (2) has a cellular core (22) sandw ched between skin layers (21)

of paper. 164. Visual display apparatus aggording to claim 163, 10 wherein

th 22 er ho conb. 165. Visual _di splay apparatus
acgo(rzgirﬁg(to)laérﬁj q%fésp PR, AGHIr NP tHe FfaBdbesr PoFhis a

pi ezo- el ect ralaiendss, Jsﬂqézﬁeeln Dthpl afrsns e€n)CoRPpsi S Nge8OrACAUSS | G4)

devi ce or qggs r._an panel -f orm m crophone according to
any one of cr(g(%nr%éa%g{pfgo %%%E%ns1f%593\)“ ‘th said nenber as a reflective
or light emtting surface, and said transducer 20 neans (9) nounted wholly

and exgl usi velgs Ry 5314 MRRE this t\%ﬂ‘é‘o@dﬂtn apd rgﬁ%g%t ebﬁ an

acoustic radiator  providing-ac ustl out put en resonatin spl ay
screen accor ORFRIG cl @ien 16831akeFei f2d heha§5 r?entféﬁ?lJ(@alrs opreti f(R2)

| i ght vei ght  crsdwitHd D bdtandary satlelellbz@% qene 622hapbyhoneyconb al uninium
foil sandwi ched between a pair of high nodulus skins (21). 168. D splay

screen according to claim167, wherein the 30 skins (21) are of fibre
rei nforced plist.i c&isd69. diisiﬂlaqy Sppeat taec Obdicogdiagany conelatimcl asgs 166

to 18 as d ol t‘?ﬂa £5§OR%O%W k)gggg Raggl{iy m | oudspeakers

(114) attached to opp05|te SI 0 provide left and
ri ght hand channel information. 170. Display screen according to claim 169,

wherein the Jeft vand,d1 ol dpa ?’ '95959 AKS' Sa :%ésl%c%lﬁée &y N%@q,zoggghe

frame (1) to he fol dabl e agains theralator _
storage. 171.c13ins alysjscF%eﬁséccUFGFﬁ@nt &he Hnanesoicer Q%Il #9478, Pigkerein
each of the |l&fdctanid Wegllerhand | oudspeakers (114) 5 is an active acoustic
devi CE according to any one of clains 29 to 85.
166. Display screen comprising an acoustic device or panel -
form loudspeaker and/or panel-form microphone according to
any one of claims 29 to 85, 154 or 155, with said member as
a reflective or light emitting surface, and said transducer
20 means (9) mounted wholly and exclusively on said member to
cause it to vibrate and resonate as an acoustic radiator
providing acoustic output when resonating.

167. Display screen according to claim 166, wherein the

25 member (2) is of stiff lightweight construction having a
cellular core (22) of honeycomb aluminium foil sandwiched
between a pair of high modulus skins (21).

168. Display screen according to claim 167, wherein the
30 skins (21) are of fibre reinforced plastics.

169. Display screen according to any one of claims 166 to

168 as dependent on claim 153, comprising panel-form

loudspeakers (114) attached to opposite sides of the frame
35 (1) to provide left and right hand channel information.

170. Display screen according to claim 169, wherein the
left and right hand loudspeakers (114) are hinged on the
frame (1) to be foldable against the radiator (2) for



172. Display screen according to any one of clains 166 to 171, whef@i MAYheyos
panel (2) is a projection screen. 10 173. An audi o vi sual apparatus,
conprising a display screen according to claim172 as a part. 174. Audio
vi sual apparatus according to claim 173, further 15 conprising at |east
one rear channel |oudspeaker (117) conprijSighg an active acoustic device
according to any one of clains 29 to 85, 154, or 155. 175. Packagi ng
conpri si ng arf AP i ¢ devi ce according to 20 any one of clains 29 to 85
wi th said nmenber as a board conmponent part of the packaging, with a
transducer of 7('s)lai gJ t ransducer nmeans mount ed whol | A and excl usively on
said menber 10 cAUSPIY (FIAB T A A 1esbRalfe2Y Af%ac st FEA1R adi 8t or
provi di ng an witmssiti ccaouit poff tienlefsomad i ngh®5hdn8. 1BaakpgaRgraccord) ng
to clajm175,; wherejn the I, . rl .a cellular core_(22).of
foarre? pl astics sgﬁﬁﬁgﬁgﬁﬁe@g&%%nggfé%s 1??1%%8% Pgllenafsﬁiéf”gsof
Kraft board (2P1)to 8%0 177. Packaging according to claim 175 or 176, wherein
the transducer (19) is a piezo-electric bender. 178. Packagi ng accordi ng
to claim177, wherein the bender 35 (9) is crystalline. 179. Packaging
accordi ng to Hify HEIRYCISFIREN 725°¢rdizey tonharEi erehe hemdrmy 2364 ok s
one side of a7gx whkkklin @eMA¥n20062120s 38ProfaekaghngcassRr ding to claim
179, Wperein the box (111) has a lid (139), and neans (53) associated with
t he ]1|d for triggering actuation of the transducer (9) on novenent of the
lid relative 173 .t Bex baxdich viglalPappagangsaccomgirigihg al diBpl8), screen
conprising a gsidHid; er ) anpl Lfj and an electric battery (112)
to drive théﬁiranégﬁggg.C%%R§%%§BC¥§gt%nB§EBF the like card (144)
conprising an active acoustic device according to any one of clainms 29 to

85 wherein saigd MRBIY Widualls appaedtdsf atebraial L8asiaRAr 1797 further
15 comprising at least one rear channel loudspeaker (117)
comprising an active acoustic device according to any one

of claims 29 to 85, 154, or 155.

175. Packaging comprising an acoustic device according to
20 any one of claims 29 to 85 with said member as a board
component part of the packaging, with a transducer of said
transducer means (9) mounted wholly and exclusively on said
member to cause it to vibrate and resonate as an acoustic

radiator providing an acoustic output when resonating.

25
176 . Packaging according to claim 175, wherein the member
(2) comprises a cellular core (22) of foamed plastics
sandwiched between skin layers (21) comprising sheets of
Kraft board (21).
30
177. Packaging according to claim 175 or 176, wherein the
transducer (19) is a piezo-electric bender.
178. Packaging according to claim 177, wherein the bender
35 (9) is crystalline.

179. Packaging according to any one of claims 175 to 178,
wherein the member (2) forms one side of a box (111).



the card, said transducer means (9) includes a transducer mounted yholhy 2006
and exclu5|vely on the board to cause it to 15 vibrate and resonate as an
acoustic resonator providing acoustic output when resonating. 183.

G eetings or the like card according to claim 182, wherein the nenber (2)
has a cellular core (22) of foaned 20 pl asti cs sandw ched between skin

| ayers (21) conprising sheets of Kraft board (21). 184. Geetings or the
like card accditi MPYELTE nRESOTERNIC| 5P mCIGEM whdPei nWhekein a cbpx(9)

i's a piezo-el @) cha®babgnder(13585. sdeeidaigs 013t hgsbbkeatad dwaegording

t | 184, t he be t al | 30 186. C? f
tﬁecl ?Iktran card X ({h%rp%l zﬁrfgggﬁg‘/n%nea%%ua{%%{@ 1 Eh?o Gras E(Ier)llgnggpglrr

of | eaves (lamvetEnt chdheedns B3ptdseotbathd bokh the | eaves for
triggeying actuation of the transducer (9) on novenent of one |eaf
relative to the other leaf. 35 187. Geetings or the |ike card according to
claim 186, ddipriRAdkpang grdonfbime diorglaim ahgl i f cemprbding &l su:gnaib

battery (112)geer@dBaf &ﬁ tamgl&‘ﬁaert Aril | 48 Eh@ctkﬁén%%lt%gr Pla. ) {f 2 to

121 188. Geetings_ or the e card according to any one
187, mherelrlqqﬁ¥%ﬂ5§ﬁatqﬁﬁfdp§e§dapted to receive printed matter. 5 1809.
Host devi ce or apparatus conprising an acoustic device according to any

one af clal 154 or 155 190. . Hpst device, or
appagé{us accé%&n%}%é%%ﬂg§lﬁ?uﬁ¥ ﬁﬁk%m% ?gggh CoMREhEHET | ]1 AfEEYSl
with a part dfcaussimosdeviesi eecordapgartat usny 18he HoStcleimee20r wppasat us

(55)" 15 Sancu ceﬂfé?‘ﬁ%%lk FESEr (20, JpTe Bt ko TRE, BE°1 888 pHcf of ¢
integral witHihe tséidtﬁ§aﬁéévcéévﬂ@én§rQﬁhmnmﬂludeQQQ tHessddesice

?L appar ?L us n@ﬁﬁﬁréa REhd1Q v ladn b@lius MRERLidh S Ie-Skid LaYsE {RL)oi s
anﬁ{ an a&%%%% and resonate as an acoustic resonator providing

acoustic output when resonating.

183. Greetings or the 1like card according to claim 182,
wherein the member (2) has a cellular core (22) of foamed

20 plastics sandwiched between skin layers (21) comprising
sheets of Kraft board (21).

184. Greetings or the like card according to claim 182 or
claim 183, wherein the transducer (9) is a piezb-electric
25 bender.

185. Greetings or the like card according to claim 184,
wherein the bender (9) is crystalline.

30 186. Greetings or the 1like card according to any one of
claims 182 to 185, comprising a pair of leaves (145,146),
and means (53) associated with the leaves for triggering
actuation of the transducer (9) on movement of one leaf
relative to the other leaf.

35
187. Greetings or the like card according to claim 186,
comprising a signal generator, an amplifier and an electric
battery (112) on a leaf of the card to drive the
transducer.



20 thickness of said part of the host device or apparatus. 193. Hostxgevi ie
or apparatus according to claim192, wherein said part of the host (H ﬁé 2006
or apparatus is fornmed wth a groove (100) into its thickness and
surroundi ng said 25 nmenber (2) to define a resilient suspension (3)
coupling the active acoustic device to gaihd part of the host device or
apparatus. 194. Host device or apparatus according to any one of 30 clains
190 to 193, W eiFreshiidIrar erofthenel HERt caedi aesirdidishakat @ay ©ng of
external wal lcldis 2s¥i sallgh splBgrebht tGeMiidmBbely AP) AGRUSIdLHERYi €8
according to agé/ Qne of. %Ie(aad'nrrs 9.to 85, as a |oudspeaker 35 within it and

| €

al so havi ng a eslﬁieafrsl& “%i'n the housi ng (101), said nenber (2)

havi ng sai d transducer neans (9) nmounted wholly and exclusively thereon to

cause 4t to Mmdr : c .G Jadi ator L di .
acoustE} c out pluétéjmq;ec,gst?er&s%;nlgctsﬁonwd W%O%ﬁ%fgm%g6%&\/ﬁ§§gg¥ ?sg X;llcﬁnit
accordi ng to agARAirEs tehenrsi Anet lod dilspiimyy 3Mi toi 8§5a AG4t ppratas a
according to &dmdnek}8 and said housing is said part in accordance wth
any one of clains 190 to 194. 5 197. Lap-top conputer conprising an
acoustic device or devices, the or each according to any one of clains 29
Ejo I85, 154 cnr9olak5]{osas |dyﬁ;d$:|&eabel’ﬁajppdg@@ﬁ@l’kiéécf’tgrc&iﬂ@ywr‘éla&H\ddQBQ,

i sp scree erein the or ea oudspeaker 10 .conprises i d, mepber
(2) With sai r}%(:"rraenlsnduE’c‘-’lelré n%%r?lpsor(egjct Jfﬁ)ujfﬁée) ﬁﬁolwvl'ém%l RREF ugfvgﬁﬁ Pﬂﬁgte)on
to cause it tdevidehrant @pgpadatasonate as an acoustic radiator providing
acousti c output when resonating. 15 198. Lap-top conputer (128) according

to claim197, wherein a said nenber (2) constitutes the display screen.
199. Lap-top tnpHest ( £28)icgccOrdi ABPRBAENAI MATTrINY 940 WRAABI nl8Bech of

?2) opfoseﬂ 83./¥He1€échirpaﬂéﬁdz Qﬁén%@%daﬁeakférﬁpﬁpséé’v?&%elbagairt TR f' (EEF?SB
ached to the . conputer., . _Lap-tap conputer according to claim 199,
vvherg}l t he Weﬁﬁw &kl&ﬂ@xefrgr n@ﬁud?ﬁ‘@a?&r? t8 ,ﬁ%}gaﬁéyﬁﬁﬂnﬁéd

to the displ ayntsgyredn wWit20)said part of the host device or apparatus.

192. Host device or apparatus according to claim 191,
wherein said one skin layer (21) is thinner than average

20 thickness of said part of the host device' or apparatus.

193. Host device or apparatus according to claim 192,
wherein said part of the host device or apparatus is formed
with a groove (100) into its thickness and surrounding said
25 member (2) to define a resilient suspension (3) coupling
the active acoustic device to said part of the host device

or apparatus.

194. Host device or apparatus according to any one of
30 claims 190 to 193, wherein said part of the host device or

apparatus is an external wall.

195. A visual display unit comprising an acoustic device
according to any one of claims 29 to 85, as a loudspeaker

35 within it and also having a display screen (37) in the
| housing (101), said member (2) having gaid transducer means

(9) mounted wholly and exclusively thereon to cause it to

vibrate and resonate as an acoustic radiator providing

acoustic output when resonating.



25 201. Lap-top conputer according to claim 200, wherein the oppogpd Mﬂ‘rRUB
of panel -form | oudspeakers (40) are hinged to the display screen (129). &
202. Lap-top computer according to claim 200, wherein the display screen
(129) conprises a housing (130) and the |oudspeakers (39) are each housed
inaslot in the display screen housingi0330) for sliding novenent between
a stored p05|t|on in which the | oydspeakers are substantially 35 wholly

housed in thet%q otVisHid adisRldvsiiisn aFCQHF A t he qleuids pb¥ker wharein

posi ti oned Ortmpﬂ:‘d;ﬂ%yshﬂﬁ& afs tahchosil a%else QR co2@3 ngAtBOEL 8RhE 1838
conpact - di sc apcfl ar%scf%gjorl Si ng acous JMAY 2006 123 devi ces accor d| ng
to any one of" 't & Lf&”@s S1 54 5 10 @R TGARG 15 pryr one of

panel -form | mﬂtmtmeald@rostaxtl@@hed to |t, each sai d | oud-speaker conprises a
said ngnber (2) wth a said transducer neans (9) nounted wholly and 5
exclusively to said nmenber (2) to cause it to vibrate and resonate as an
acoustic radilor IFRH ngoaeUESEi ccoupplsinghem r esonattiing. dE&d.cePoorabI e

conpact - di sC Ja-Ay; g c 0 [ r
(85) having a tur ntsabf%ﬁg%ﬁl 2%1811 béb&?@ﬁ 1%%) a tﬂee?i C{% C ose on {:%

turntabl e, witeitP? tHE éﬁdsﬁ‘éalgéf%i oice %Ftﬁm’?‘éfﬁlm%ﬂ% #i beybosrd

Port abl e conpaci - di SQighhypr e ng:hb@eqhal fhe04r Je%c\melléhasﬁéﬁker
Ioudsl akers (—;;r are h| n ed to t.he Ik% Por abl e c& act di sc Z
according to Tl & 2042 e’]“:ﬁ“l?% ud‘%Jp k%"f‘% ( BIFEPRCehCHeARTs &d |n a

slot in the ITIlet(elBgyvhbd)ﬁysl and nexmveneretl ybetheenoa stor ethude pasi tton,
I n which thex}%i%%%e%ﬁa ﬁé‘@ét%{( gh! yacwgtl_i%( %@%%&r” LDS, 40k, and
ea i one BOSI%% Wdes

a use position 1 n whi t he ouds ers are posi

of the |id ZFPuskdd watpesushes §é\$9§éta@§or d| ng to any one of clains 25
29 to 85, 154 or 155, wherein the devi ce |s a vehicle conponent in the form
of a udspﬁgl}}% (81 vmth said nenbe havi ng associ ated said

t ransducer s (PP CATRMtET t(&z@l)bla&f:é’rgﬁﬁgr ESoRapémad4n wheusinc

radi ator pravisding membest i(2)ogbpyt ivheasr eRendi spUay screen.

199. Lap-top computer (128) according to claim 197 or 198,
wherein each of an opposed pair of panel-form loudspeakers
20 (39,40), has its said member (2) attached to the computer.

200. Lap-top computer according to claim 199, wherein the
opposed pair of panel-form loudspeakers (39,40) are mounted
to the display screen (129).

25
201. Lap-top computer according to claim 200, wherein the
opposed pair of panel-form loudspeakers (40) are hinged to
the display screen (129).

30 202. Lap-top computer according to claim 200, wherein the
display screen (129) comprises a housing (130) and the
loudspeakers (39) are each housed in a slot in the display
screen housing (130) for sliding movement between a stored
position, in which the loudspeakers are substantially

35 wholly housed in the slot, and a use position in which the
loudspeakers are positioned on opposite sides of the

display screen.

203. A portable compact-disc player comprising acoustic



30 208. Vehicle having a passenger conpartment being a host device)orymay 2006
apparatus according to claim 189, wherein the conponent is in the '
passenger conpartnent. 35 209. Vehicle according to claim?208, wherein the
host device is in accordance with any one of clains 190 to 194. 210.

Vehi cl e according to clain1209 wherei n tipg conponent concerned is a
passenger sea \;103 Y 2006 124 211. Vehicle or vehicle conponent
accordi ng to T4 0@CC° AR FOt KEYe oTR®nehRt e el £ (85 ng5p‘€ 10%) of

(L(c)ioor d( 140)15%5, 25192 arArbp;ic&{Hc‘r q;mlcr rﬁfsIp}ﬁie1I—Eﬁﬂnﬂ?@&}ds@@\ék@gsaakeggﬁéad
and an o i c_deyi any_one .of clains to

or 155 as a oﬂ%ébeaggh %% %Lﬁgﬁggﬁé}y CEHIESS iy %?%%Jﬂeﬂgﬁﬁeﬁzi

stiff light wer gt feor rﬁalemd t:tsaalasliuqeemsdma@rs ma(@r)s @unitednowhbedywhahbly

and exgl usi vely,110 QR 1821 & "BIPE! mEdbelO (63U 'ctat&s%jvitpr@éevﬁg a{gsgngt €

as an acoustic radiator providing acoustlc out resonati ng

An el ect roni FeRIREE @%s%@uﬁﬁﬁﬂstlg7¥aﬂaﬁtﬁ§ ErOY5dk9$béaﬂdSt1d0PUD9ung a
host device ayhappaRInstiagcording to claim 189, the conponent being a

| oudspeaker (81) 214. Electronic nusical instrunment according to claim 212
or claim 213, conprising a body (137) having a base, and 20 | egs (139)
supporting t fedodiortiie t dempsotdl.sahpl &yer &@c@rﬁ&ﬁ@ertd 23145m 203,

t d at f bhod 215 ct t
ecortfng o AT Y By Wsad o1a8), Py ca HibS el Lhel Ay
sai d menber 5 ¥ 21)1%u(ti§9éntac’mptyad/¢tq idalse 21@r E[l'lecn:mmtabﬂmsl vherein
nstrument aqoes dididR Al @Y it fotbab 154 hshergin the frame forms

a ground support for "the |nstrunent vendi ng nachi ne of the kind
conprising a store of articles or product to be di spensed conprising an

?cogsti ck de\aadse Fenafab1Rg &@nﬁéﬁ’t%}.@s@f mlaf\efma%%o&alﬁ t:b54c|P51rﬂ-5§04a3 a
ou slpaea er "'g}f us.er ,Ileper at %%p@ n ggaﬁea%gt ggegeto tﬁétifde or pro uct

to be dispens

206. Portable compact-disc player according to claim 204,
wherein the loudspeakers (81) are each housed in a slot in
the 1id (139) for =sliding movement between a stored
20 position, in which the Iloudspeakers are substantially
wholly housed in the slot, and a use position in which the

loudspeakers are positioned on opposite sides of the 1id.

207. Active acoustic device according to any one of claims

25 29 to 85, 154 or 155, wherein the device is a vehicle
component in the form of a loudspeaker (81) with said
member (2) having associated said transducer means (9) to
cause it to vibrate and resonate as an acoustic radiator
providing acoustic output when resonating.

30
208. Vehicle having a passenger compartment being a host
device or apparatus according to claim 189, wherein the
component is in the passenger compartment.

35 209. Vehicle according to c¢laim 208, wherein the host

device is in accordance with any one of claims 190 to 194.

210. Vehicle according to claim 209, wherein the component
concerned is a passenger seat (103).



mechani sm aut hori si ng di spensing, and a dispensing outlet, said 08 MAY 2006
| oudspeaker conp-rising a said nenber (2) with a transducer of said
transducer nmeans (9) nounted wholly and exclusively on said nenber to

cause it to vibrate and 06 MAY 2006 125 resonate as an acoustic radiator
provi di ng an acoustic output when resonatigng. 218. A vendi ng nmachi ne of

t he ki nd conprjsi a store of 5 articles or product_to be di spensed being
a host devi ceflor é%ﬂﬂ QBOECESPHFiﬁ COMPPRPRT 1 8§ COTEFRgy i & nglaker 209,

operated neansrelily)tior coapenéntigcbheeanticlis ainamheductod)o & a door

di spensed, negﬂﬁp(l43) e.g. a coin-freed nmechani sm authorising di spensing,
a di spensing et (142) and a 10 | oudspeaker (81), and the conponent is a
| oudspeaker or a m crophone or a conbi ned | oudspeaker and m crophone. 219.
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machi ne according to any one of clains 217 to, 220, conprising secon
transducer mEPHIBING DI SRico THECSY aditat Brifa2)l iphEvwRighEpHsHE acti8n by
produci ng a siginhltransdiesnonganso (99saBafeentkdt kolagi ahar eﬂd@ub@velgz

i nci t 25 gcoust ergy.,22 Vendi n chln according to claim
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150. an acoustic radiator prov1d1ng acoustic output when
resonating.

213. An electronic musical instrument (137) having a
15 keyboard (140) being a host device or apparatus according
to claim 189, the component being a loudspeaker (81)

214. Electronic musical instrument according to claim 212
or claim 213, comprising a body (137) having a base, and

20 legs (139) supporting the body above the ground, wherein
said member (2) is positioned at the base of the body.

215. Electronic musical instrument according to claim 214,
wherein the loudspeaker (81l) is positioned with said member
25 (2) substantially vertical.

216. Electronic musical instrument according to claim 215
with c¢laim 154, wherein the frame forms a ground support
for the instrument.

30
217. A vending machine of the kind comprising a store of
articles or product to be dispensed comprising an acoustic
device according to any one of claims 29 to 85, 154 or 155
as a loudspeaker and user operated means for selecting the
35 article or product to be dispensed, means e.g. a coin-freed

mechanism authorising dispensing, and a dispensing outlet,
said loudspeaker comp-rising a said member (2) with a
transducer of said transducer means (9) mounted wholly and

exclusively on said member to cause it to vibrate and
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resonate as an acoustic radiator providing an acoustic

output when resonating.

218. A vending machine of the kind comprising a store of
articles or product to be dispensed being a host device or
apparatus according to claim 189 , comprising user operated
means (137) for selecting the article or product to be
dispensed, means (143) e.g. a coin-freed mechanism
authorising dispensing, a dispensing outlet (142) and a
loudspeaker (81), and the component is a loudspeaker or a

microphone or a combined loudspeaker and microphone.

219. Vending machine according to claim 217 or claim 218,
wherein said member or component (2) forms a visual display

means.

220. Vending wmachine according to claim 217, 218 or 219,
with claim 154, comprising a body (108), and the frame (1)
is on or integral with the body.

221. Vending machine according to any one of claims 217 to
220, comprising second transducer means (3) coupled to the
radiator (12) for microphone action by producing a signal
in response to resonance of the radiator due to incident
acoustic energy.

222. Vending machine according to claim 221, wherein the
second transducer means is as claimed in claim 148, 149 or
150.



