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1 5 VI BRATI ON TRANSDUCERS 10
DESCRI PTI ON 15 TECHNI CAL FI ELD
The invention relates to transducers and nore '
particul arl wbo7wegss ati on transducers for | oudspeakers PCT/GB96/02148 -
conpri sing panel -form acoustic radiating el enents.
BACKGROUND ART 20 It is knowmp from GB- A-2262861 to suggest a
panel -form | oudspeaker conpri sing: - a
resonant nulti-node radi ator el ement being a unitary sandwi ch
panel formed of two skins of material with a spaci ng core of
transverse cellular construction, wherein 25 the panel is such as
to have ratio of bending stiffness (B), in all orientations,
to the cube power of panel nmass per unit surface area ([err])
of at least 10; a nounting neans which supports the panel
or attaches
g 5 VIBRATION TRANSDUCERS
10 DESCRIPTION
15 IECHNICAL FIELD

The invention relates to transducers and more
particularly to wvibration transducers for loudspeakers
comprising panel—-form acoustic radiating elements.

BACKGROUND ART
20 It is kxnown from GB—-A-2262861 to suggest a panel-form
loudspeaker comprising:-

a resonant multi-mode radiator element being a unitary
sandwich panel formed of two skins of material with a
spacing core of transverse cellular construction, wherein

25 the panel is such as to have ratio of bending stiffness
{B), in all orientations, to the cube power of panel mass
per unit surface area (u} of at least 10;

a mounting means which supports the panel or attaches



2 to it a supporting body, in a free undanped manner; and an
el ectronechani cal drive neans coupled to the panel which serves to

excite a multi-nmodal resonance in t @anel in response to an
el ectrical input within a 5 worki n@l§rSHEEWA§%§E% for the | oudspeaker.

US- A- 4, 506, 1o 9709858 MULTI PHONI E di.s an el PCI/GB¥M2148t | -C
transducer conprising an inertial mass adapted to be attached rigidly
by its base plate to a panel to be vibgated. 10

DI SCLOSURE OF | NVENTI ON Enbodi ments of the present invention use
menber s of teatitr @ sapportime Body,cadnf iagfivee andanped wemexgener al |y
and/ or specifically by inplementing teachings of our co- pendi ng PCT
publ i cation No. W)97F99842 giegtrp—meckanieal griye Weasﬁcﬁ°ﬁﬁirﬁ@r§°t %B

have capability _to

bendi ng waves i ®2Re bggﬁaﬁmaesa?:@a §f2g§?%ﬁ'ﬂﬁl 'Wéﬁgrg?té‘%}%cﬁfe g\%ﬁness

f b -
go?n? |ngured V\AU"E hrl%trdiv%ngﬁsg’gﬁgiﬁ?/jé%%ee%%}feokgngﬁnggngﬁéngelss'&rp%(lf %t éeea
resonant nodeg Vwﬁti'nanf%&ﬂ@ﬂfftﬁaﬁh 51;&.* t‘l!ﬂeeq.o%\ﬂ@'beaker said area(s)

beneficially for acoustic Coupling wt nbient air; and have
predeterm ned preferential | ocat DRPBSLOSURE RIVENTTOR th| n said area

for transducer neans, parti cul arI y operat i onal | y active or noving
part(s) thereof 25 Egbpaimpptsiafrshat preseotadoventionibset hemberscefvity

d d | | | | ect | di t
hooust i ¢ aont onBasREgac PEEERE, AR RATtAduTa tohe appevabll cRepERALYY | o °
co- pendi ng I nt eali'ﬁ[/'o‘}n@pe@i&kbﬁﬂ&oﬂy'\lﬁmplmennng teachings of our co-

10 pending PCT application no. (our case P.5711) of even date

herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative arca(s} extending transversely of thickness often
but not necessarily to edges o¢f the member(s); are
15 configured with or without anisotropy of bending stiffness
to have resonant mode vibration components distributed over
said area(s) . beneficially for acoustic coupling with
ambient air; and have predetermined preferential locations
or sites within said area for <transducer means,
20 particularly operationally active or moving part(s) thereof
effective in relation to acoustic vibrational activity in
said area(s) and signals, usﬁally electrical, corresponding
to acoustic content of such vibrational activity. Uses are
envisaged in co~pending International application No. (our
25 file P.5711) of even date herewith for such members as or
in "passive” acoustic devices without transducer means,
such as for reverberation or for acoustic filtering or for

acoustically “voicing" a space or room; and as or in

_T
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W97/ 09842 of even date herewith for such nenbers as or in "passive"
acoustic devices w thout transducer neans, such as for reverberation
or for acoustic filtering or for BCOHS i cing" a space or
room and as or in 5 "active" ac0J§Hi&SHﬁ@é$§%&r transducer means,
such as in wooredsgmar kably wi de rapge ofREDLA Pelds of souncca/GHsenTigpeaker s
when supplied with input signals to bé converted to said sound, or in
such as m crophones when exposed to sound §o be converted into other
signals. 10 This invention is particularly concerned with active
acoustic devi cesa¢tiver acoubtDe dOPSqE#iehS tribsditicr adans, sWdl0\"® ahe
herein called distributed node acoustic radiators and are intended to
be charact eri sed zemankaply wbde cepge of souppeﬂi&ﬁ sonndrek dousspeekiers as
specifically praovided 5 herein ent| on is 3 vi brati_on

tramsducer for ¥BR%fppplied "’a’-%rﬁﬁ&“%aﬁﬁ%lé ftgc e, FOOYRFEREG E9p SRR ty

to sustain and at t sin
at | east ONE op’er&tp?i%e a Igé ‘%oﬁéb?ggnsv S%W%db sg%ﬁwa%ness
to +<have re§°”ﬁé“co£¢§ﬁe&“ﬂ"t6t beﬂercg%@ned preferedl stributed over said

at | east one area and have pr edet er ntial |ocations or
sites wthin said Thid cihviedtibhadisdpagtitRiaslenconddned arifthaRedieer
nount ed on said nenber at one of said |locations or sites to vibrate 25
t he menber to cacewstic tdewvicesninether fiorg of bmwispeakers. radi ator which
provi des an acoustic output when resonating, conprising a notor coil
assenbl y having a cof¢mhe%f A8 ab°"q i 3%R| horein Lﬁﬂﬂlfﬁd fERFEibutrd meds,

tC ﬁ'el ngfrts)g?? | gnggg&gstic radiators & pgze_g :{nten ed t eodbtta Ocharacstf:"e'r s Aa Of

10 in the above PCT application and/or otherwise as

specifically provided herein.

The present invention provides a vibration transducer
to vibrate a member having a face, characterised by a motor
coil assembly having a coil rigidly fixed to a tubular

15 member, the assembly being adapted to be fixed to the said
face ¢f the member, and by a magnet assembly comprising
opposed disc-like pole pieces, the periphery of one of
which pole pieces is arranged to be disposed with and
adjacent to the motor coil assembly, and the periphery of

20 the other of which pole pieces is formed with a surrounding
flange adapted to surround and to be disposed adjacent to
the motor ccil assembly, and characterised in that the
magnet assembly is adapted to be secured at its centre to
the said member to be vibrated.

' 25 The transducer may comprise fixing means to secure the
magnet assembly to the member. The fixing means may
comprise a fastener adapted to engage in a cavity in the

member. The fastener may comprise a spacer for spacing the
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magnet assenbly havi ng opposed disc-1ike pole pieces, the peri phery of
one of which pole pieces is arranged to be di sposed within and

adj acent to the notor coil assenbly, —E i hery of the other of
whi ch pole pieces is formed witH ¥ §%§§&@$§E’fange adapted to
surround and y@o7098s58 be di sposed adj gcent B oL coi | pcayepIsmRI48 and
wherein the magnet assenbly is adapted to be secured at its centre to
the said menber to be vibrated. Fixing neangs may 10 be provided to secure
the magnet assenbly to the nenber. The fixing nmeans may conprise a
fast ener adapt ecpeirdphegdgs of thepela picicesi Grohethenseid menbex.f ast ener

may conprise a spacer for spacing the peripheries of the Eole | eces
from the said eVibrafion, {reasisnes r BAY I GORPTAEG COMpleRentary

conpl ementary notqr coil, assenbl.ies and net .assenbl.ies ' dapted for
nounti ng on oppd@&?‘f £ As3epPldesy ?'ﬁ‘é?tafg?g,net as%\?fbmrfee‘asnsad??%% F‘?’r‘ne
centres of th% B S | t t | L on.
Thus t he fastener rr%’is& o %eé sﬂe?adfsacaets. %ﬁo@ﬁ e;%ﬂjgﬂ %‘# dda%€&é§5?%ﬂ9
engage the 3 HSARQYCIHNE ¢owils ASSCERS | RRgndt CasIGhPIEs COSFE ¢RI I G
pair of interengagi ng screwthreaded portions, and spacer means adapt ed
for dispositionmdhipadl bperhtibmast emmrswrh an amdagemdntotheafislstaismg
bet ween the respective magnet assenbl i es and the opposed faces of the
sai d menber. 2®ay haver §gpdFosKePPRapLte ands andeddephefste PR Eh@r
characterised by a nenber having capability tqQ,susfai.n and r qpagat e
hput v br at i on S SEREES ey AR ARARRRIIeE, et ronnfialia A
area extending | : -

AL Seiebelhqaging porow-threaded portiong, end hevify

thi ckness to have resona ron  conponent _ {
sai d at | easio ONgpatied® @8SnBaVeapted PESLCiASPose¢iBhel £Ifddd tbOCEH ONS
or sites within said :

fastener and adapted for sandwiching between the respective

magnet assemblies and the opposed faces of the said member.
From another aspect the invention is a loudspeaker
characterised by a distributed mode acoustic radiator and

15 Dby a transducer as described above coupled to yibrate the
radiator to cause it to resonate.

BRIEF DESCRIPTION OF DRAWINGS
The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:-

20 FPigure 1 is a diagram showing a distributed-mode
loudspeaker as described and claimed in our co-pending
International application No... (our case P.5711);

Figure 2g is- a partial section on the line A-A of
Figure 1;

25 Figure 2p is an enlarged cross—section through a
distributed mode radiator of the kind shown in Figure 23
and showing two alternative constructions;

Figure 3 1is a diagram of a first embodiment of
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5 area for transducer neans and having a vi bration transducer as
descri bed above nounted on said nenj L Jre S | ocati ons or
sites to vibrate the nenber to causg’i HASB&EB ate form ng an

acoustic radi ator which provides a ELAGRD ¢ ou put when resonating.
10 wo 97/08888 EF DESCRI PTI ON OF DRAW NGS o Th®CIGR26/0314 + S
diagrammatically illustrated, by way of exanple, in the acconpanyi ng
drawi ngs, in which:- Figure 1 is g diagram showi ng a

di stri but ed- node | oudspeaker as described and clained in our

co- pendi ng 15 traasducenradcqniingc &oi bhemem/m;lon, and Figure 2a
Is a partial section_on the line A-A of ure ure 2b|s

an enl arged cross-seti9%Fe t Hf okfh 2 diaﬂFéi“rr But EB"P{B@Ie ?‘Q?Rdait"!ﬂn f ofhe

ki nd shown in Figure 20 an two_alte tive constructions;
Figure 3is ad 3?%%%?1.6?‘??9&1 n¥8d Hgngr%qzen{ nvenption, transducer
according to the presengy ; 5] d a di agram a
second enbodi nent of B o8 ] orar I nvention;
BEST MODES FOR CARRYhé&%gT H.B bWEEE I DNof the drawiﬁgéer théee 105 Rinbwme 1
of the drawi ngs, there is shown a panel -form | oudspeaker (81) of the
ki nd descri bed anganel-fokmi Apudspeaker cospbndfn@bnﬂamﬂatdmbpdbla'ndat I on
No. W97/ 09842 of even date herewith conprising _a rect an%ul ar

frame (1) carryPhgimededn| PBE: °§u§ﬁ%%?%n1?g9mmqlt sapplica. ARBr N°'
h whi ch d b d L (2).
At hnaducer (ofSHED s, rLpTHLl, " oVBE C B34 Worewi i cPBRREL HRE e (7

co-pendi ng 'Qt erBathRGflar frame (1) carrying a resilient suspension (3)

round its inner periphery which supports a distributed mode

sound radiating panel (2). A transducer (9) e.g as

described in detail with reference to our co-pending

International applications Nos. (our cases P.5683/4/5) of

10 even date herewith, is mounted wholly and exclusively on or

in the panel ({2) at a predetermined location defined by

dimensions x and y, the position of which location is

calculated as described iﬁ our co-pending International

application No. (our case P.5711) of even date herewith,

15 to launch bending waves into the panel to cause the panel
to resonate to radiate an acoustic output.

The transducer (9} is drivem by a signal amplifier

{10), e.g. an audio amplifier, connected to the transducer

by conductors (28). Amplifier 1loading and power

20 requirements can be entirely normal, similar to

conventional cone type speakers, sensitivity being of the

order of 86 - 884dB/watt under xoom loaded conditions.

Anplifier load impedance is largely resistive at 6 ohms,

power handling 20-80 watts. Where the panel core and/or

i



publ i cation Nos. W97/09859, W97/09861, W97/09858 of even 10 date

herewith, is nmounted wholly and exclusively on or in the panel (2) at
a predeterm ned | ocation defined by di rensions x and y, the position
of which location is cal culated as described in our co-pending

| nt er nat i onawo 97/09898ubl i cati on No. W97/09842 of even dat e PEI/GBI6IR2148t O-
| aunch 15 bendi ng waves into the panel to cause the panel to resonate

to radi ate an acoustic output. Theg t ransducer (9) is driven by a
signal anplifier (10), e.g. an audio anplifier, connected to the
t ransducer skynsceqduofomgtal 2gihey magnpei hade tooxek Ay aahedatpshek 20

requi rements c%n be entirely normal, sinmlar to convent i onal
cone type speak&PE e &HEnpdpFereftRgrsMOVRcheat Sram, the Bmgtorgsalt waft
under room | oad C LL ifi | o Lop e is largely
resistive at 6 0 r?s?ﬂhqglgdg \%Era %n@ﬁ?gnd'm?goé’(? %g?'feg ﬁg@@%’l’neg’[ he panel core
and/ or WO 9%5@8888 2a and 2b are partial typical cross-section

PCT/ GB96/ 02148 6 skins are of netal,
they may be madehireudht tBé Bob@spediddiK (81) bEr Fiferér aNsSduCRIret ar SHBYWE
heat fromthe notor coil of t he transducer and thus inprove power
handl i ng. thatFi gheesfPameaand12h aserpeund al(3)ypasdl mparesls- @ftians 5
t hrough the | oudspeaker (81) of Figure 1. Figure 2a_shows that the
frame (1), surr&ORAeCEpdarPInther 2y zperectivynaddesivechendad pBgints

P SRl ooBEtb Hotes1d he R ERRDE TRLSH IobBeol O
metal e.g. 10 @rg@iRgUm 8l 4oy filcthl@St £fsminy! (30! BxErhdayNcheRNC b3k S
include resilient matérial s"such as foam rubber and foam pl asti cs:
Sui tabl e adhe®si waamfiaiuihaljioynbs pPAtidc]) udRitable surround materials
include resilient materials such as foam rubber and foam
plastics. Suitable adhesives for the joints (20} include
epoxy, acrylic and cyano-acrylate etc. adhesives.
Figure 2b illustrates, to an enlarged scale, that the
15 panel {2) is a rigid lightweight panel having a core (22)
e.g. of a rigid plastics .foam {97y e.g. cross linked
polyvinylchloride or a cellular matrix (98) i.e. a
honeycomb matrix of metal foil, plastics or the like, with
the cells extending transversely to the plane of the panel,
20 and enclosed by opposed skins {21) e.g. of paper, card,
plastics or metal foil or sheet. Where the skins are of
plastics, they may be reinforced with fibres e.g. of
carbon, glass, Kevlar (RTM) or the like in a manner known
per se to increase their modulus.
25 Envisaged skin layer materials and reinforcements thus
include carbon, glass, Kevlar (RTM), Nomex (RTM)} i.e.

aramid etc. fibres in wvarious lays and weaves, as well as

paper, bonded paper laminates, melamine, and various



epoxy, acrylic and cyano-acrylate etc. adhesives. Figure 2b
illustrates, to an enlarged scale, that the 15 panel (2) is arigid

| i ght wei ght panel having a core (22) e.g. of arigid plastics foam (97)
e.g. cross |inked pol yvinyl chloride or a cellular matrix (98) i.e. a
honeyconb nawoio9nedssnetal foil, plastics or the like, w th PCT/GRIGH218] |-S
extending transversely to the plane of the panel, 20 and encl osed by
opposed skins (21) e.g. of paper, card, 9 plastics or netal foil or
sheet. Wiere the skins are of pl astics, they may be reinforced with
fibres e.g. of synthatbonplgbiiss Kilar o(ER'Hﬂyghomddué.ulsi,kesuicm aseMynbar
known per se to increase their nodul us. Envi saged skin | ayer

materials and r éRAMdr cERRERS (BTG, P°13ﬁéFBﬂ%a€%wtR#FnQ$¢§ssP°k¥9?E?r(4910
No RT [ b [
ne o paper. oERheneRRER R amas T ReRCRF R Ciied BBeRREs I OUES: S

97/.09858 metal sheet or foil.  Investi £¥¥3ﬂ}§¥y€¥%19§ctra grade o

7 synthetic plastics filns of high nndu? such as ? Pﬁ
Kaptan (RTM s pelgaagbergstal PPede, tuwmiraetias shows etﬂedtlﬁ%ﬁsiafs
and fibre reinforced plastics, etc. and nmetal sheet or foil

| nvestigati on obettheefikiffor hedénpécting mpuildingyefatltysl ghén skins or

t her nopl astics shoms that t he be useful for the injection noul ding
of ultra thin sPPRYLE © “@"‘é‘lelrs sdEes ndide MR R aZe8ng, 39 ‘%P m

the i recti on omﬁ,”%%?%%ﬁil L R A L R

propagation of 4hgba¢ rEREISY df 9%&9&&5,‘ ‘4 BeeRBrbba'drientati®n’EBE the

peri nmeter.
10 good propagation of treble energy from the driving point to

the panel perimeter.

Additional such moulding for this and other
thermoplastics allows for the mould tooling to carry
location and registration features such as grooves or rings

18 for the accurate locatiomn of transducer parts e.g. the
motor c¢oil, and the magnet suspension.- Additional with
some weaker core materials it is calculated that it would
be advantageous to increase the skin thickness locally e.g.
in an area or annulus up to 150% of the transducer

20 diameter, to reinforce that area and beneficially couple
vibration energy into the panel. High freguency response
will be improved with the softer foam materials by this
means.

Envisaged core layer materials include fabricated

" 25 honeycombs or corrugations of aluminiur 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



Addi tional such moulding for this and other t her nopl astics all ows
for the nould tooling to carry | ocation and registration features such
as grooves or rings 15 for the accurate |ocation of transducer parts e.g.
t he notor coil, and the nagnet suspension. Additional with . sone
weaker core Wwelss/bsdgs it is calculated that it would bercucBINOZGROUS t O
I ncrease the skin thickness locally e.g. In an area or annulus up to
150% of the transducer 20 dianeter, to reigiforce that area and
beneficially couple vi bration energy into the panel. H gh frequency
response WilEl dfe suptabkyl Wowh ddnsityf.t er Sbmamawiitablel scdye t hager
nmeans. Envi saged core |ayer materials include fabricated 25

honeyconbs or c&ptagaalsmifgctiviedynpihiblt fpaddecpedf-skinning dn theiwy| ar

RTM), No RT | ai d , d ' ti

bl st cs 11 1ms, mabagBrRude Aad /Rt oinBERESS navs, pdugh Aiesns; Shbt phoss
ials, | 5

EHC%?[E;BSG/SOZEZ? £3¢" We' Wit laminatioh? h%&vggg eéklip cjl’fayselfist’abI%/ high

density. — S@TE patFbpRhRcE ¥&1 LAWY core BRESFiA 1sCkhofh infder ehBi Bidde
usabl e self-skinning in their manuf acture and/or otherw se have enough

i nherent stiffnaame °Rohacelt whidioutay de rmtiitabliectascan ralliatbaypamel A
high 5 performance cellular core material is known under the trade

nane ' Rohacel | apdi Uhi%yi%é'mébﬁkiasf a%??é?&cﬁhn@msa t&ﬁdﬁﬂikﬁh is
MU SIS hePTBR! GRek ] ThachlB R b sl Bindth Ofieh A TAIESS
optimsing 10 oaueibhihtONpulbpose SO" Spdtisthiily 2HSbiudlfly' ' 8521l Ay

10 contributions from core and skin layers and transitions
between them. '

Several qf the preferred formulations for the panel
employ metal and metal alloy skins, or altermatively a
carbon fibre reinforcement. Both of these, and ailso

15 designs with an alloy Aerogel or metal honeycomb core, will
have substantial radio frequency screening properties which
should be dimportant in several EMC applications.
Conventional panel or cone type speakers have no inherent
EMC screening capability.

20 In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
radiation or stray magnet fields. Conventional speakers
have a large magnetic field, up to 1 metre distant unless
specific compensation counter measures are taken.

25 Where it is important to maintain the screening in an
application, electrical connection can be made to the
conductive parts of an appropriate DML. panel or an

electrically conductive foam or similar interface may be



Several of the preferred formulations for the panel enpl oy netal and

netal alloy skins, or alternatively a carbon fibre reinforcenent.

Bot h of these, and also 15 designs with an alloy Aerogel or netal
honeyconb core, wll have substantial radi o frequency screening
properties wwomosss should be inportant in several EWCT/GEI¢PIId®t i-ons.
Conventi onal panel or cone type speakers have no i nherent EMC screening
capability. 20 In addition the prefegred formof piezo and electro
dynam c transducers have negligible electronmagnetic radi ati on or
stray magnet fiwdeds foxChbecpiigenmbunpbeker s have a | arge nmagnetic
field, up to 1 netre distant upl ess speci fic conpensation counter

measures are taken. Th&')s_“sPef‘%‘é‘t‘eq)t ey Flﬁﬁar?%te_ 8,8F nfbg Paned (2) )
conduct | ve par§0 o PERVRRE™ besSIGK) "Ldde, CRPUERLAE" GFL BRoTHURpRD. (e
conductive foamgdiidididly | 8f T 13k nEe vy, 5urthe%§ﬁ?9§§5§nay be

PCT/ GB96/ 02148 _ use or~t he “edge
mount i ng. 5 applild®, sel.?nelasl patcRpsioyof@s® toetivsguinedf ithaelacdkd( 2)
edg

to prevent excessive e novenent of the panel. Additionally or
alternatively, positiconglarnn nglamgy bexcdssive | athvemegpt atopatdiletxribodeded
to the panel in selected positions to danp excessive novenent to

di stribute Fesomanre PRV o¥PEr thec Ransd.. Whe patches may be of
o e based i Bal e YRI5 | SRS YR soBRLIRRRLET
Sonme materials, } Hod P akdiPRfilclosur@dld oty RIGS Y1380t 2 ig1a
sel f - danpi ng. VWher'e

10 polymeric sheet material. Some materials, notably paper
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.

15 Effective said selective damping 1nclu'de.s specific
application to the panel including its sheet material of
means permanently associated therewith. Edges and corners
can be particularly significant for dominant and less
dispersed low frequency vibration modes of panels hereof.

20 Edge-wise fixing of damping means can usefuily lead to a
panel with its said@ sheet material fully framed, though
their corners can often be relatively free, say for desired
extension to lower fregquency operation. Attachment can be
by adhesive or self-adhesive materials. Other forms of

" 25 wuseful damping, particularly in terms of more subtle
effects and/or mid—- and higher frequencies can be by way of
suitable mass or masses affixed to the sheet material at

predetermined effective medial localised positions of said



desired, the danping may be increased in the construction of the panels

by enploying resiliently setting, rather than rigid setting adhesives.
15 Ef fective said sel ective danping includes specific application
to the panel including its sheet material of means permanently

associ ated t ks endobss. Edges and corners can be parti cUPCHEPI6/02148 -
significant for dom nant and | ess di spersed | ow frequency vibration
nodes of panels hereof. 20 Edge-w se fixihpg of danpi ng means can usefully
lead to a panel with its said sheet material fully franmed, though
their corners careaf.ten be relatively free, say for desired ext ensi on
to |l ower frequency operation. Attachnment can be by adhesive or

sél f-adhesi ve nateri #Ps. ACOUAEACE olmPedr ass Weddamaqvg is bi-
particularly ter subtl e [ or and gher
frequenci es can%ﬂ‘ 5&5\?&93 "ne SR @nﬁﬁgg ggg a‘?q""r)&edst #I

sheet material gerongyyht ggngs%r mi pesla€ld eClove dRfll Al £haal it3Rd PPbAEONS

of said

PCT/ GB96/ 02148 consequently there is the benefit!®f ove2i®®. summation &¥
acoustic panel as described above is bi- di rectional . The

sound energy fracouis¢éicackowar ndn thestraoumyl y sophdsenexygyat of toifoimt
from the front. 5 Conseq(r}éent ly there is the benefit of overall sunmation

of acoust i c fregmency (Hetrdditionunsadueed raflestiyemand Ftéﬁ‘%%y
di stribution, reduced r ctive ndi effects and th
the advantage 7’&5 cfep?%gﬁcti ofaq‘ﬁé‘\éﬁgf’uraﬂ spﬁl’,‘geﬁ'ﬁﬁt
anbi ence in the relag:ord‘ﬁ@ft%ﬁc%‘% SPHLd 3362591 Whuce and ambience in the

10 reproduced sound recordings.

While the radiation from the acoustic panel is largely
non-directional, the percentage of phase related
information increases off axis. For improved focus for the
phantom sterec image, placement of the .- speakers, like

15 pictures, at the usual standing person height, confers the
benefit of a moderate off-axis placement for the normally
seated listener optimising the steréo effect. Likewise the
triangular left/right geometry with respect to the listener
provides a further angular component. Good stereo is thus

20 obtainable.

There is a further advantage for a group of listeners
compared with conventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel sound
radiation gives it a sound volume which does not obey the

25 ianverse square law for distance for an egquivalent point
source. Because the intensity fall-off with distance is
much less than predicted by inverse square law then

consequently for off-centre and poorly placed listeners the



VWhile the radiation fromthe acoustic panel is largely non-di rectional ,
t he percent age of phase rel ated I nformation increases off axis.
For inproved focus for the phant om stereo i nage, placenment of the
speakers, |like 15 pictures, at the usual standing person height, confers
the  beneWwotoméssa noderate of f-axis placenment for the n@PCEXIHIGHO2148 -
seated listener optimsing the stereo effect. Likew se the triangul ar
left/right geonetry with respect to the |iggtener provi des a further
angul ar conponent. Good stereo is thus 20 obtainable. There is a

further advant atmtémsity ofimlt ffor ithecpansel speakepapromotdsh & mupsxicanal
speaker reproduction. The intrinsically dispersed nature of acoustic

panel sound stexeet ebfeql \compaxred $ouconventhenah i speakers . .notThilseyist he

25 inverse square | aw fqr distance for_an equival ent _poi nt our.ce.
Because the intBASHESS ¢ ‘f-‘l’}%f'cﬁ‘gﬁedl’ﬁ%?ﬂ: "'i%teneﬁuéﬁeFe%%tt S ddect ed

by 1 nverse Squaggbius ' Bibbien FRESEHUBILNIIS, ' 1he"RAL HAUeE;

pl aced |isteners

PCTAGBI96/ 021¢8 firstly tHY @ieb¥iveelictedsd (& RaNAheEBCAKS HHS HYaRerd
superi or stereo effect conpared to conventional speakers. This is

because t he of f speakex, pand ethén stismecorvespondingifdenrdalse in lbmdnesd
probl em due to proximty to the nearer speaker; 5 firstly the excessive
i ncrease in Iougﬁ%%sthﬁ(ﬁﬁqﬁﬂ9rhéaﬁéﬁpeakerspeaker, and then the

COr T eSPONd: 19 oo Capdd 19UEIES e ok RThARC pE ! il SRR o,
visually atlrachiyg)-RledOgeaRt viGudyey' 'He2A¢eioa)! 'd0g884Y ha
10 gquality and requiring only one transducer and no crossover
fo; a full range sound from each panel diaphragm.

Figure 3 illustrates an embodiment of transducer {9)
for 1launching bending waves into a rigid lightweight
distributed mode radiator panel (2), e.g. of the kind shown

15 1in Figures 1 and 2 comprising a core (22) enclosed by
opposed skins {21), to cause the panel to resonate.

The transducer comprises a coil (13) rigidly fixed,
€.9. by means of an adhesive, on the outside of a coil
former (18) which is rigidly bonded to a surface skin (21)

20 of the radiator panel (2), e.g. by means of an epoxy
adhesive bond (16). A magnet (15) is enclosed by a pair of
‘poles (14), one of which is disc-like and is disposed with
its periphery close to the interior of the coil former
{18), and the other of which has a peripheral flange (90)
- 25 arranged to surround the coil (13).
The .magnet assembly including the magnet (15) and
poles (14) is mounted on the panel ({2) by means of a fixing
(93), e.g. of metal or hard plastics, which passes through



for a full range sound from each panel diaphragm Figure 3

Il lustrates an enbodi nent of transducer (9) for | aunchi ng bendi ng
waves into a rigid |Iightweight di stributed node radi ator panel (2),
e.g. of the kind shown 15 in Figures 1 and 2 conprising a core (22)

encl osed by woomwemssed skins (21), to cause the panel to rercBd/@i48 -
The transducer conprises a coil (13) rigidly fixed, e.g. by neans of
an adhesive, on the outside of a coil qkormer (18) which is rigidly
bonded to a surface skin (21) 20 of the radiator panel (2), e.g. by
means of an epoxy cavityadReliextdénshicg Hiroughnkbecpayeal)(d)s eMeofdxipyg a
pair of poles (14 one of which is disc-like and is dispgsed with

itﬁ per } puke]ryhclh((?%t L qeﬁtlear } ??mmemwww%?n@# threaded) ,"‘e&gﬁrﬁhe‘
i i ' 9 25 .

82: o 05 O "B, 3R R s g BBk % the) £ SR BRIVAER. DeRE8) BgakE®
14) i . t 2 | Xl . 0.

o oo S har duHie Aal BEEBEPac 2o Wad P Eitndtiudes |(8)(Bng, khel Biher® 9

PCT/ GB96/ 02148 -of which heads bear against a face 4£ the parddVi(2j 04%khe
extendi ng through the panel (2). The fixing (93) conprises a

conpl enent ary paideoioft theagene hogpwsite to( $had2dn astcivhasiengranadscess) ,
one of which heads bears agai nst an outer face of the transducer (9)
and the other BGi®of mgwngrdhead b&RRCRFal 1527k fidcetsapped hetareqm) tde t he

A ‘opacer (L27yratiRas i b areahe BRBST (33, tanaRaCE: the) HAIMNRG Ban
(2) to space thefxtJu?‘r]ﬁx%U%‘iﬁel. fromthe panel.

10 The transducer (9) of Pigure 3 operates by locally
resiliently bending the panel between the fixing {93) and
the former (18) when an acoustic signal is applied to the
transducer to launch bending waves into the panel to cause
it to resonate. _ '

15 The transducer arrangement (9) of Figure 4 is similar
to that described in Pigure 3, except that in this
embodiment the transducer comprises complementary push/pull
drivers qf the kind shown in Figﬁre 3 disposed on opposite
sides of the panel. A fixing member (93) is arranged to

20 pass through an aperture (29) in the panel (2) to tie the
two transducers together 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 respective pair of transducers (9)

25 to couple the drivers together. 'rhé complementary parts of
the fixing member (93) are secured togéther by
complementary screw-threaded portions (94,96). The fixing

member may be of any suitable material e.g. plastics or



10 The transducer (9) of Figure 3 operates by locally resiliently
bendi ng the panel between the fixing (93) and the fornmer (18) when an
acoustic signal is applied to the transducer to | aunch bendi ng waves
into the panel to cause it to resonate. 15 The transducer
arrangenment wopedssgi gure 4 is simlar to that descri BEUVGBIS/Ri4Bure 3,
except that in this enbodi nent the transducer conprises conplenentary
push/ pul | drivers of the kind shown iyy Figure 3 di sposed on opposite
sirdes of the panel. A fixing nmenber (93) is arranged to 20 pass through an
aperture (29) imetdle. panel (2) to tie the two transducers together and
to the panel. The fixin nmenber (93) conprises opposed generally

conpl enent ary parts IR thigcrembpdiment; « fhg neegpgdrper, hdeyiee e @lanpéd

agai nst the j.al tremdties .of the respective pair_of trapsducers
(9). 25 to coup’f%«%’aﬁ( e? t“ibogei'rtheer]“.’aL t P %n%‘ﬁgﬁ?y"galr%’gg‘gf pa&g t he
fixing menber ({P3) e 3. o5 WaHIED1akPPEL NE proxeTas ol -} a

screwt hreaded E)O%t'i) oen?(é)4, 3%5 %ﬁg ??x%hgﬁoswi?r%erﬁ)er ma% ggﬂ%f i’éﬁ?_l

sui tabl e materigda exp pYl1RR i(@R)0bdjacent to the aperture (29), whereby

CLAI M5 1. A vibration transducer (9) for exciting a nenber (2)

havi ng a face dthke Hxansducapawotks \tot dasush Hending waves piwipnddiee panaput

vi brational energy. by bendi ng waves in at 5 least one operative area
extending trar¥Weleeay regilient handings ofi Fhearaneds HeieenodbeyPBASt i on

conponent s di st.ri but.ed .over _saj g, at | east one area and have
pr edet er m ned p?%# Z‘Ii’%énqoéﬁ F%Sg‘PFoﬁggh sites within said area for
transducer nmeans and having the transducer nounted 10 on said nenber at

one of said |locations or sites to vibrate the nenber to cause it to
resonate form ng an acoustic




radi ator which provides an ac ut when resonati NoTHIS gu A

a notor coil assenbly (13, 18) Ii l 3) rigidly ki BﬁEN
t ubul ar nenber (18), the noto |y being a o B@Dflxed
to the said face of the rrerrber (2) and a magnet assenbly (15), having
opposed wioxzobsske pol e pieces (14), the periphery of orRETEGBIMZIES -
pol e pieces is arranged to be di sposed wthin and adj acent to the
notor coil assenbly, and the periphery of tbe other 20 of which pole
pireces is formed with a surrounding flange (90) adapted to surround
and to be disposed adjacent to the nGEAEMB 0i | assenbly, and wherein

EQﬁbgg_g?% asse”?éyb'eivwspgﬁgggﬁt§saﬁ§d\?§efe€<‘#[§ fa5p 3 HORRRRAOving & ¢
fho mmonet  oE8ER fhenartdulie WL o Bpeps o1l gLy ﬁ?ﬁ%ﬁ%f’oﬁggﬂ °
{ransducer  accordypi1y! 81xsh e dupular member, (NARRRGEbaSH disdity the

fixing means (93) Conpfises a ast ener d to engage i'n a

cavity (29) i tbeing adaptbertd Be fixed 4o tA\e sakdafaos of I e dusxilier,
according to claim 3, 5 characterised in that the fastener (91, 92)
conprises a apgabyra(napet msgpbévngomeip@lg mnm‘sesl @ischbilpblmle

pi eces (14) from t he .said m,arrbe i on transducer

according to an¥ 18FEEedithf Periph %heﬂ%?ct@? é@’d“’é’y R BAEAeE, 18
e ) i v Ao AT S ESOAAE O S
tying the centregsgbmbi§, Manaeieras SEeWigety( 108 tRICLEREr of which pole

10 pieces is formed with a surrounding flange adapted to
surround and to be disposed adijacent to the motor coil
assembly, and characterised in tﬂat the magnet assembly is
adapted to be secured at its centre to the said member to
be vibrated.

i5 2. A vibration transducer according to claim 1,
characterised by fixing means to secure the magnet assembly
to the member.

3. A vibration transducer according to claim 2,
characterised in that the fixing means comprises a fastener

20 adapted to engage in a cavity in the member.

4. A vibration transducer according to claim 3,
characterised in that the fastener comprises a spacer for
spacing the peripheries of the pole pieces from the said
member,

25 5. A vibration transducer according to any preceding
claim, characterised by complementary motor coil assemblies
and magnet assemblies adapted for mounting on opposed faces
of the said member, and by means tying the centres of the
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for push/pull operation. . A i bratlon transducer according to

claim 5, 15 characterised i (91,92) has heads (95)
at opposite ends-and adapted t lm ggg& ﬂﬂ(eectlve magnet
]

assenblies, the fastener (91,9 Ngs a =pai r I nt er engagi ng
screwthreadmp‘mﬂ!ﬁons (94, 96), and by spacer rreans (ll‘gljfcﬁ?fé(’ﬁi@d‘for
di sposition adjacent to the 20 fastener and adapted for sandw ching

bet ween the respective magnet assenbli @¢s and the opposed faces of the
sai d nmenber (2). 7. A loudspeaker (81) characterised by a nenber
(2) havi ng wegpebi resgmblies tagather foa:nnuspmphlgmratﬁ-nput 25

b I b ing '
e ext ending £ransbor JHAFASAOHn FEABeguegz o pscoriingsofant SIedE 5. ¢
vibration compopgals dbsiLLEUIFILRYE" ¢hE! SaBkener hEEShoRlle F CopANflfieve

predeterm ned prereren I'ONS or srtes wt area

for transducer @RARS and@n i 3y bg ea L £ROS debgpedillves hdghaEd i

any precedi ng clai mnounted on said ne (2) at one of said
| ocati ons or 55i adSemblieb] atise tflaetmeheeoxhprrﬂ@e al paio ofSintepenggimg M ng

an acoustic radi ator which provides an acousti c out put when resonating.

screw-threaded portions, and characterised by spacer means
adapted for disposition adjacent to the fastener and
adapted for sandwiching between the respective magnet
assemblies and the opposed faces of the said@ member.

16 7. A loudspeaker characterised by a distributed mode
acoustic radiator and by a transducer as claimed in any
preceding claim coupled to wvibrate the radiator to cause it

to resonate.
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