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|'oudspeakers and nore particularly to | oudspeakers conprising panel-form:
acoustic radiating el enents. BACKGROUND 1ART 20 It is known from

GB- A- 2262861 to suggest a panel -form | oudspeaker conprising:- a resonant
mul ti-node radi ator el enment being a unitary sandwi ch panel forned 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 drientations, to the cube power of panel mass

S IITLE: PANEL-FORM LOUDSPEAKERS
10 D TION
15 IECHNICAL FIELD

The invention relates to loudspeakers and more
particularly to loudspeakers comprising panel-form acous?:ic
radiating elements.

BACKGROUND ART
20 It is known 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, tp the cube power of panel mass
per unit suxrface area (r} of at least 10;

a mounting means which supports the panel or attaches



per unit surface area ([err]) of at |least 10; a nmounting means which
'sugportz t he panel or attaches 2 to it a supporting body, in a free
undanped nmanner; and an el ectronechani cal drive neans cou Cq.ﬂ; e panel
whi ch serves t"WO&W¥e a nulti-nodal resonance in the radi atorﬂgg(gtrllgeil in

response to an electrical input within a 5 working frequency band for the
| oudspeaker. DI SCLOSURE OF | NVENTI ON Entfodi nents of the present invention

and/ or ‘speci 11 AN oy PREERY BoRp7 GOU, ok Anadhols MRS i no PCT

publication No. W%aa088481edtm+machiatical drive means coupled to the
ﬁanel which serves to excite a multi-modal resonance in the
radiator panel in response to an electrical input within a

5 working frequency band for the loudspeaker.

DISCLOSURE OF INVENTION

Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing 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 area(s) extending transversely of thickness often
but not necessarily to edges of the member(s); are
15 configured with or without anisotropy of bending stiffness
to have resonant mode vibration components distributed over
said area(si 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
sajid area(s) and signals, usually 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
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‘herewi th. Such nenbers thus have capability to sustain and propagate input
vi brational energy by bendi ng waves in operative area(s) extending
transversel y wbothis€kness often but not necessarily to edBEHGBIS/NLIEE -
‘menber (s); are 15 configured with or without anisotropy of bending
stiffness to have resonant node vi brati®n conponents distributed over said
area(s) beneficially for acoustic coupling with anbient air,; and have

pr edet er m ned"§FEVE cRFPRF TGO ARVIGRE WaED thansduchy MepRS. SSHAR agr¥h  for

HE A LA B R e T

0” acous atronal  actrvfty 1n said

ared(s) and siygaml suppiseal Wyt espdt GRlgnaldr £€SHPO NEbnvertedagousdia content
of such vibrational activity. Uses are envisaged in co-pendi ng.

| nt gr nati onal spus,i ®at Lonshich £5 MACTTPLRGSRR wiencoxprsid dohgeend t®e f or such

nmenbers as or_ i n "passiye" acoustic devices w thout transducer neans, such
5 be coﬁrer%eg into otier signals.

This invention is particularly concerned with active
acoustic devices in the form of loudspeakers. Members as
above are herein called distributed mode acoustic radiators
and are intended to be characterised as in the above PCT

10 application and/or otherwise as specifically provided
herein.

The invention is a panel-form loudspeaker having a
distributed mode acoustic radiator and a transducer coupled
to vibrate the radiator to cause it to resonate,

153 characterised by a second transducer coupled to the
radiator to produce a signal in response to resonance of
the radiator due to incident acoustic energy. The
distributed mode acoustic radiator may be mounted in a
surrounding frame by means of an interposed resilient

20 =suspension.

The panel-form loudspeaker may be characterised by at
least two said second tramnsducers at spaced locations on
the radiator.

The panel-form loudspeaker may be characterised by a

25 further transducer on the radiator to produce a signal in
response to resonance of the radiator due to incident
acoustic energy, and by means for comparing the signal

generated by the said further transducer with that of those
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as for reverberation or for acoustic filtering or for acoustically
"voicing" a space or room and as or in 3 "active" acoustic devices with
transducer means, such as in a remarkably wi de range of sources of sound or
| oudspeakers WA@T"8%8blied with input signals to be conver PEYCBYMRLF 4-
sound, or in such as m crophones when exposed to sound to 5 be converted
into other signals. This invention is paFticuIarIy concerned with active -
acoustic devi CggnkFatdi plOfrR FhaihOMISRRKELSsaueTRS] S 2he AUNParAEEa NET EI N
call ed distributed node acoustic radiators and are Intended to be
characteri sed means wniy edmprsiseCa s@gnabpreasdivernandndémiitionber ande as

specifically provided
signal output means.

BRIEF DESCRIPTION OF DRAWINGS
5 The invention is diagrammatically illustrated, by way

of example, in the accompanying drawings, in which:-

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

10 Pigure 2a is a paz:tial section on the line A-A of
Pigure 1;

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

15 Figure 3 is a diagram of an embodiment of distributed-
mode loudspeaker microphone according to the présent
invention, and

Figure 4 is a perspective view of a piezo-electric
transducer.

20 RRYIN UPr_ THE N

Referring to Figure i of the drawings, there is shown
a panel-form loudspeaker (Bl) of the kxind described and
claimed in our co-pending International application No.
(our case P.5711) of even date herewith comprising a

5 rectangular 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
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herein. The invention is a panel-forml oudspeaker having a nmenber having
capability to sustain and propagate input vibrational energy by bending
waves in at | eqgio7odmer 15 operative area extendi ng transvercrGHo6oLiss .

t hi ckness to have resonant node vi bration conponents distributed over said
at | east one area and have predeterm neds preferential |ocations or sites .
within said area for transducer nmeans and havi ng a transducer nounted on
sai d nenber at Inbernsitippal sapplicetienrdiPsor (BT ce28eF P-BFE844/ e Qfenber to

acoustic ' out pREeR Rse Bensidhe, fip Senntn WAk} dng SHB SR ¢ also
a microphone apf GREPHASES @&)SaOnd greaBtetefiea™bdhedoRNatfndi®ELr at one
of the locations or 2 sites to produce an output signal in response to
resonance of t@émensives diieand yncibenpostuicmt iaf ewiskay . l1ddetivanbier
5 calculated as described in our co-pending Internatiomal
application No. {our case P.5711) of even date herewith,
to launch bending waves into the panel to cause the panel
to resonate to radiate an acoustic output.
The transducer (9) is driven by a signal amplifier
10 (10), e.g. an audio amplifier, conmected to the transducer
by conductors (28). Amplifier loading and power
requirements c¢an Dbe entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 - 88dB/watt under room loaded conditions.
15 Amplifier load impedance is largely resistive at 6 ohms,
power handling 20-80 watts. Where the panel core and/or
skins are of metal, they may be made to act as a heat sink
for the transducer to remove heat from the motor coil of
the transducer and thus improve power handling. '
20 Figures 23 and 2b are partial typical cross—-sections
through the loudspeaker (81) of Figure 1. Figure 2a shows
that the frame (1), surround (3) and panel (2) are
connected together by respective adhesive-bonded joints
{(20). Suitable materials for the frame include lightweight
25 framing, e.g. picture framing of extruded metal e.g.
aluminium alloy or plastics. Suitable surround materials-

include resilient materials such as foam rubber and foam

plastics. BSuitable adhesives for the joints (20) include

_—
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may be nounted in a surrounding frane by neans of an interposed resilient
suspensi on. The nenber may conpri se 4 a stiff lightweight panel having a
cellular core !ﬁged bet ween skins. The suspensi on may belattached to
the edge of the panel.  The first and second transducers m&y FMint-ed
whol |y and excl usively on the radiator. least 5 two said second
transducers may be provided at predeterm ned preferential |ocations or

sites on the radpatws acryditusidielyahbasctiuees #By. hanpsovégled on the
radiator at a predeternined |ocation or site to produce a signal in
response to resonance-sdFet B ¥ddsirategudot an 1enlarged degaleacbbat itheener gy,

and means may bgagéf“Qﬁ%eQngrrigid lightweight panel having a core (22)
e.g. of a rigid plastics foam (97) e.g. cross linked
5 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,
and enclosed by opposed skins (21) e.g. of paper, card,
plastics or metal foil or sheet. Where the skins are of
10 plastics, they may be reinforced with fibres e.g. of
carbon, glass, Kevlar (RTM) or the like in a manner known

Per ge toc increase their modulus.
Envisaged skin layer materials and reinforcements thus
include carbon, glass, Keviar (RTM), Nomex (RTM) i.e.
15 aramid etc. fibres in various lays and weaves, as well as
raper, Dbonded paper laminates, melamine, and various
synthetic plastics films of high modulus, such as Mylar
(RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or
related plastics, and fibre reinforced plastics, etc. and
20 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
shells of smaller size, say up to around 30cm diameter.
This material self forms an orientated crystal structure in
25 the direction of injection, a preferred orientation for the
good propagation of treble energy from the driving point to

the panel perimeter.

Additional such moulding for this and other



conparing the signal generated by the said further transducer wth that of

t hose generated by the said second transducer(s). The conpari son neans nay
out par/GpEaRss 15

BRI EF DESCRI PTI ON OF DRAW NGS The invention is diagrammtically

conprise a siwoabrosecei ver and conditi oner and signal

Il lustrated, by way of exanple, in the acconpanying dr

awi ngs,

in

whi ch: -

Figure 1 is a diagram show ng a distributed-node | oudspeaker as descri bed
and cl ai ned i thexmordespangi ed129s |fazer khe i owuld pisioldagi e NEargwo7/ 09842;

Fi 2a i i al ' the line A-A of Fi
enl ar ged cr osSORRRTL RIS FARIGATAC R EERBHT et SHoRcT 4P
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YT Gt T

th

re 2b is an
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shown in Fi gugs:22ngS acBiit fIONbAL ol & L elabbYer OBRSLS UGL ONBhe Fi UTe 3

is a diagram of an enbodi nent of distribute
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motor coil, and the magnet suspension. Additional with

10

15

20

25

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

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
if of suitably low density. Some suitable core layer
nmaterials effectively exhibit vsable 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
name ’'Robacell’ which may be suitable as a radiator panel
and which is without skins. In practical terms, the aim is
for an overall 1lightness and stiffness suited to a
particular purpose, specifically including optimising
contributions from core and skin layers and transitioms
between them.

Several of the preferred formulations for the panel



node | oudspeaker microphone according to the present invention, and 4a
Figure 4 is a perspective view of a piezo-electric transducer. BEST MODES
FOR CARRYI NG QUT THE | NVENTI ON 5 Referring to Flgur &

drawi ngs, ther¥°P¥%4own a panel - form | oudspeaker (81) of C#&El n ‘
described and claimed in our co-pending International publication No.
W97/ 09842 of even date herewith conpriéﬁng a rectangular franme (1)

cupport e a i P A e e o e car (o
g panel (2). A transducer (9) e.g
as described i#arbon fibre reinforcement. Both . of these, and also
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.
In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
10 raéiation or stray magnet fields. Conventional speakers
have a large magnetic field, up to 1 metre distant unless
specific compensation counter measures are taken.
Where it is important to maintain the screening in an
application, electrical connection can be made to the
15 conductive parts of an appropriate DML panel or an
electrically conductive foam or similar interface may be
used for the edge mounting.
The suspension {3) may damp the edges of the panel (2}
to prevent excessive edge movement of the panel.
20 Additionally or alternatively, further damping may be
applied, e.g. as patches, bonded to the panel in selected
positions to damp excessive movement to distribute
resonance equally over the panel. The patches may be of
bitumen-based material, as commonly used in conventional
25 loudspeaker enclosures or may be of a resilient or rigid
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



detail with reference to our co-pending 5 International publication Nos.
W97/ 09859, W97/09861, W97/09858 of even date herewith, is nounted wholly
and excl usi vel wo3amessy i n t he panel (2) at a predeterm ned IrovamBrazigefi ned
by di nensions x and A, the position of 5 which location is calculated as
described in our co-pending Internationalg publication No. W97/09842 of
even date herewith, to | aunch bendi ng waves into the panel to cause the
panel to resonaifethe paagilst by mpdoping imesddtiputly Fhdtiransdtber @R | s

driven by a signal .a ifier 10 (10), e.g. an audio anplifier, connected to
t he transducer idc%%%ﬁiﬁﬁmagheféﬁﬁ.’ Amplifier |loading and power

Effective said selective damping includes specific

application to the panel including its sheet material of

5 means permanently associated therewith. Edges and corners

can be particularly significant for dJdominant and less

dispersed low frequency vibration modes of panels hereof.

Edge-wise fixing of damping means can usefully lead to a

panel with its said sheet material fully framed, though

10 their corners can often dbe 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

effects and/or mid- and higher fregquencies can be by way of

15 suitable mass or masses affixed to the sheet material at

predetermined effective medial localised positions of said

area.

An acoustic panel as described above is bi-

directional. The sound energy from the Dback is not

20 strongly ©phase ©related to that from the front.

Consequently there is the benefit of overall summation of

acoustic power in the room, sound energy o¢f uniform

frequency distribution, reduced reflective and standing

wave effects and with the advantage of superiox

25 reproduction of the natural space and ambience in the
reproduced sound recordings.

While the radiation from the acoustic panel is larxgely

non~@irectional, the percentage of phase related



requirenents can be entirely normal , simlar to conventional cone
type speakers, sensitivity being of the order of 86 - 88dB/watt under room
| oaded conditigpns. 15 Anplifier |oad inpedance is |largely resisti at 6
ohns, power ha 4 é""éo- 80 watts. \Were the panel core angﬁ@é@éﬁg are of
nmetal, .they may be nmade to act as a heat, sink for the transducer to renove
heat fromthe notor coil of the trapsducﬁ}.and thus inprove power handling.
20 Fi gur e8¢ amafithe’ 2 ndtadd bied! asdidi Gl %@.%évé@%beasfw kaugh the
| oudspeaker (81) of Figure 1. Figure 2a shows that the franme (1), surround
(3) and panel (@Eantoe cdemect dtagogetplacetmant espechevemdkessyelignded
joints (20). Suitable materials far the_ franme include |ightweight 25 .
fram ng, e.g. Pifterese ak thpi pepalostanding pegsonthgiobs, geonfier® H8m al | oy
or plastics. Sui ryou terials.in resilie teribal s such
as foanlrubber%gégg#gé%¢la m&&%rgge offaaiis Siéggﬁen% kgk £§er§%£%ali§

5 seated listener optimising the stereo effect. ILikewise the

triangular left/right geometry with respect to the listsner
provides a further angular component. Good stereo is thus
obtainable.
There is a further advantage for a group of listeners'
10 compared with conventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel sound
radiation gives it a sound volume which does not obey the
inverse square law for distance for an equivalent point
source. Because the intensity fall-off with distance is
15 much 1less than predicted by inverse square law then
consequently for off-centre and poorly placed ligteners the
intensity field for the panel speaker promotes a superior
stereo effect compared to conventional speakers. This is
becausgse the off-centre placed listener does not suffer the
20 @oubled problem due to proximity to the nearer speaker;
firstly the excessive increase in loudness from the nearer
speaker, and then the corresponding decrease in loudness
from the further loudspeaker. |
There is also the advantage of a flat, lightweight
25 panel-form speaker, visually attractive, of good sound
quality and requiring only one transducer and no crossover
for a full range sound from each panel diaphragm.

Figure 3 illustrates a distributed mode panel (2)



pl astics. Suitable adhesives for the joints (20) include 6 epoxy,

acrylic and cyano-acrylate etc. adhesives. Figure 2b illustrates, to an

enl arged scal e,wdbgdosgrhe panel (2) is a rigid |lightweight pamsBsésayésng a -

core (22) e.g. of arigid plastics foam (97) e.g. cross |linked 5

pol yvinylchloride or a cellular matrix (98) i.e. a honeyconb matrix of

nmetal foil, plastics or the like, with the cells extending transversely to

the plane of thaceenéding &adtbedresedtbynoppdoadesti mf (the) kéng. skfwmpaper ,

card, plastics or netal foil or sheet. V\h%re t he skins are1 oé 10 pl astics,

they may be rei AR O eRi £ 121G Bredntenfled  for N RO 38 & 1REOPRT M or
the like in a nmypaefs KNQYAna receiver or microphone, e.g. for use in an
interactive environment. Although not shown in Figure 3,

5 the panel (2) is mounted in a surrounding frame (1) and is
attached to the frame via a resilient suspension (3) in the
manner shown in Figures 1 and 2. The frame is suspended on
a pair of wires (33), e.g. from a ceiling or on a floor
standing frame (not shown).

10 The panel is driven to resonate and produce an
acoustic output by a tramnsducer (9) of the kind described
above with reference to our co-pending International
application Nos. (our files P.5683/4/5) which in turn is
connected to and driven by an amplifier {(10).

i5 The panel also carries a pair of vibration transducers
{63) which may be piezo~electric transducers of the kind
shown in Pigure 4 which are coupled in parallel to drive a
signal receiver and conditioner (65) connected to an output
{66). Another vibration transducer (63) on the panel ({2),

20 e.g. of the kind shown in Pigure 4, is coupled to drive a
filter/correlator the output from which is fed to the
signal receiver and conditioner (65), to provide signal
correction. _

Figure 4 shows a transducer (9) for a distributed mode

25 panel {2) in the form of a crystalline disc-like pieszo
bender (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). 1In operation an acoustic signal applied to the
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[err] to increase their nodulus. Envisaged skin |layer materials and
rei nforcenents thus include carbon, glass, Kevlar (RTM, Nonmex (RTM i.e.
15 aramd etc. fibres in various |ays and weaves, as well as paper, bonded
paper | ani nat 8O SH984ni ne, and various synthetic plastics ¥§ ’&E’"S?“:high
nodul us, such as Mylar (RTM, Kaptan (RTM, polycarbonate, phenolic,

pol yester or related plastics, and fibré%Zeinforced plastics, etc. and 20

netal sheet or foil | nvesti gati,on,of tr aqde of..Liquj rystal
pol ymer t her rmﬁfﬁ’éfdr‘bc?rsﬁgis #ﬁatle?ﬁgy(%rgi %/lgﬁus%f%e 19%? nggnjhgsc i on

moul di ng of ul thg) td Betki Hfa FhushebéS11Y resblii@itly aefomatuéppasensr ound
30cmdianeter. This material self forns an orientated crystal structure in.

25 the directifen vé liauinebt bemiing paeéeritdd dheepanali.on for the good
propagation of treble energy fromthe drivin oIi‘Int to the panel perineter.

5 The invention thus provides a simple
loudspeaker/microphone e.g. for use in an interactive

environment.



Addi ti onal such nmoulding for this and other t her nopl astics all ows
for the nould tooling to carry location and registration features such as
grooves or ri obmdset he accurate |ocation of transducer PAEFEBR 0863 ¢ he

netor coil, an the magnet suspensi on. Addi tional with 5—someweaker core
materials it is calculated that it woul d,rsbe advant ageous to _ :
skin thickness locally e.g. in an area of annulus up to 1503’48@[@6&“““{"““1
transducer diameter, to reinforce thateg and benefici al | Nos %
vibration energy into the panel. Hi gh trequency response 10 wll be
i nproved with tihe saf pepei-donmetemdispeskdyy hawingmeandistEibutedeodere | ayer
mat eri-al s i ncl uadc%u];%?crzlx(:: adia%or and a transducer coupled to vibrate the
. radiator to cause it to resonate, characterised by a second
$ +transducer coupled to the radiator to produce a signal in
response to resonance of the radiator due to incident
acoustic energy.
- A opanel-form loudspeaker according to claim 1,
characterised in that the radiator is mounted in a
10 surrounding frame by means of an interposed resilient
suspension.
3. A panel-form loudspeaker according to c¢laim 1 or claim
2, characterised in that the radiator comprises a stiff
lightweight panel having a cellular core sandwiched between
15 skins.
4. A panel-form loudspeaker according to c¢laim 3,
characterised in that the suspension is attached to the
edge of the panel.
5. A panel-form loudspeaker according to any preceding
20 <¢laim, characterised in that the <£first and second
transducers are mounted wholly and exclusively on the
radiator.
6. A panel-form loudspeaker according to any preceding
. claim, characterised by at least +two said second
25 transducers at spaced locations on the radiator.
7. A panel-form loudspeaker according to claim 6,
characterised by a further transducer on the radiator to

produce a signal in response to resconance of the radiator
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honeyconbs or corrugati ons of aI eet. or foil, or Kevlar
(RTM, Nomex (RTM, plain or QE H]Ml’ﬂgﬂ&ﬂand vari ous synt hetic
plastics films, as well as expan cOl L astics or mat eri al s,
even aerogel mYAPUBH of suitably |ow density.  Some sui tpgﬁ’%é BIR -ayer
materials effectively exhibit usable self-skinning in their manufacture
and/ or ot herw se have enough inherent sti¥ ness 20 for use without

| am nati on bet I terial
2 known under  TR8 f SHE MR Sepufell JheRGY; HaHF chs 2 bt

radi ator panel gpé ¥hgrdl |dendiraliedt by ks . sdia ﬁhaeheﬁaﬁratneaﬁaer twigthai m i s
for an overall lightness and stiffness suited to a 25 particul ar purpose, .
speci fical |y i nthatli offy thosengenerptednbyi tha iseAd seeandcSransdveeskeh- | ayers

and transitions between them_, Several_ of fhe preferred fornulafio for the
panel 8. ane?.—form loudspeaker F.%u:c:o::&:lr.ng to ciall.m rlIS, .

5 c¢haracterised in that the comparison means comprises a

signal receiver and conditioner and signal output means.

\
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enpl oy nmetal and netal alloy skins, or alternatively a carbon fibre

rei nf orcenent. Both of these, and also designs with an alloy Aerogel or
nmet al honeycowbogowse, W || have substantial radi o frequenpgrgassaaissng _
properties which 5 should be inportant in several EMC applications.
Conventional panel or cone type speakers have no inherent EMC screening
capability. In addition the preferr orm of piezo and electro dynamc
transducers have negligible elect¥omagnetic 10 radiation or stray
magnet fields. Conventional speakers have a |arge magnetic field, up to 1
metre di stant unl ess specific conpensation counter neasures are taken.
Where it is inportant to maintain the screening in an
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application, electrical connection can be nmade to the 15 conductive parts
of an appropriate DML panel or an electrically conductive foamor simlar
interface may be used for the edge nounting. The suspensionﬁ%%%fna danp
the edges of tREOPAMI (2) to prevent excessive edge novemBRT/CEPS/RHE panel .
20 Additionally or alternatively, further danping nmay be applied, e.g. as
pat ches, bonded to the panel in selected ppsitions to danp excessive
novenent to distribute resonance equallxépger t he panel. The patches nay be
of bitumen-based material, as commonly used in conventional 25 | oudspeaker
encl osures or may be of a resilient or rigid polynmeric sheet material.

Sonme pmterials, notably paper and card, and sone cores may be

sel f - danpi ng. Where desired, the danping may be increased in the
construction

: 2
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of the panels by enploying resiliently setting, rather than rigid setting
adhesi ves. Effective said selective danping includes specific application
to the panel LQ@LH&%RQ its sheet material of 5 means per napenEpdsongsoci at'ed
therewi th. Edg and corners can be particularly significant for dom nant
and | ess di spersed | ow frequency vi bration nodes of panels hereof.
Edge-w se fixing of danping neans can _ugefully lead to a panel with its
said sheet material fully franed, thoddh 10 their corners can often be
relatively free, say for ddsired extension to | ower frequency operation.
Attachnent can be by adhesilve or sel f-adhesive materials. Qher forns of
useful, danmping, particularlly in terns of nore subtle effects and/or m d-
and hi gher frequencies can pe by way of 3

L

64

65 66

Fig.3

SUBSTITUTE SHEET (RULE 26)



15 suitable nmass or nmasses affixed to the sheet material at predeterm ned
effective nedial |ocalised positions of said area. An acoustic panel as
descri bed above is bi- directional. The sound energy f %%Enggck is
not 20 strondg¥Q%3¥8se related to that from the frcééﬂﬁ nsequéntly
there is the benefit of overall sunmmation of acoustic power in the room
sound energy of uniformfrequency distribugion, reduced reflective and
standi ng wave effects and wth the éﬂéantage of superior 25
reproduction of the natural space and anbience in the reproduced sound
recordings. Wiile the radiation fromthe acoustic panel is largely
non-directional, t he per cent age of phase rel ated

SUBSTITUTE SHEET {RULE 26}



10 information increases off axis. For inproved focus for the phantom
stereo irmage, placenent of the speakers, like pictures, at the usual _
st.andi ng person height, confers the benefit of a noderate off- axis - : :7"'
pl acement for the-nermally 5 seated |istener optimsing the st er-eo effect
Li kewi se the triangular left/right geonetry with respect to the I'i st ener
provi des a further angular conponent. Good stereo is thus obtainable. There

s a further aglyantageshppottPi@upodf, |intentrse ndanpedreshiét h
conventional speaker reproduction. The intrinsically dispersed nature
of acoustic panel samddanadlettoo-gevksnitah dvime wmebuse cwhipdledddes et
obey the inverse square |law for distance for an equiVval ent point source.
Because the i rpamel twhich |sexffesnitohegcétangenptti—-modal resonance in the

radiator banel in response to an electrical input within a
5 working frequency band for the loudspeaker.
DISCLOSURE OF INVENTION

Embodiments of the present invention use members of

nature, structure and configuration achievable generally
and/or specifically by iﬁplementing teachings of our c¢o-

10 pending PCT publication No. W097/09842 of even date
herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative area(s) extending transversely of thickness often

but not necessarily to edges of 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, usually electrical, corresponding

to acoustic content of such vibrational activity. Uses are
envisaged in c¢o-pending, International publication No.

25 W097/09842 of even date herewith for such members as or in
"passive" acoustic devicgs without transducer means, such

as for reverberation or for acoustic filtering or for

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

Aremnnen SHEET



15 nmuch less _than predicted by inverse square | aw then consequently for
off-centre and poorly placed listeners the intensity field for the pane|
speaker pronotes a superior stereo effect conpared to conventional -
speakers. This is because the off-centre placed |istener does not suffer .
t he 20 doubl ed probl em due to proxinmity tosthe nearer speaker; firstly the
excessive increase in |oudness fromthe nearer speaker, and then the
correspondi ng dgetease adodotdeessrfdaymifte trahbatuckeudsarakesucihay éni s
al so the advantage of a flat, |ightweight 25 panel-form speaker, visually
attractive, ofagoatasialnby oqeicde tnangyed ofequurcag ofll oumk dr desdispeakard no
crossover forr a full range sound from each panel diaphragm Figure 3

il lustrates a whenrisbhppédedoss thargiput2)signals to be converted to said

sound, or'in such as microphones when exposed to sound to
5 be converted into other signals.

This invention is particularly concerned with active
acoustic devices in the form of loudspeakers. Members as
above are herein called distributed mode acoustic radiators
and are intended to be characterised as in the above PCT

10 application and/or otherwise as specifically provided
herein.

The invention is a panel-form loudspeaker having a
member having capability to sustain and propagate input
vibrational energy by bending waves in at least one

15 operative area extending transversely of thickness to have
resonant mode vibration components distributed over said at
least one area and have predetermined preferential
locations or sites within said area for transducer means
and having a transducer mounted on said member at one of

20 said locations or sites to vibrate the member to cause it
to resonate forming an acoustic radiator which provides an
acoustic output when resconating, and wherein the
loudspeaker is also a microphone and comprises a second
transducer mounted on the member at one of the locations or

25 sites to produce an output signal in response to resonance
of the member due to incident acoustic energy. The member
may be mounted in a surrounding frame by means of an

interposed resiliént suspension. The member may comprise

AMENCED SHEET
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according to the present invention e.g. of the kind showmn in Figures 1 and
2, intended for use both as a | oudspeaker and as a sound receiver or

m crophone, e.g. for use in an interactive environment. Al though net shown™
in Figure 3, 5 the-panel (2) is mounted in a surrounding frame (1):and 15,
attached to the frane via a resilient suspension (3) in the manner 'shoWn i'n
Figures 1 and 2. The frane is suspended on a pair of wires (33), e.g. from
a ceiling or enszififodightandyhy pamele Hawdingshoww)lullr core sElwipsred i s
driven to resonate and produce an acoustic output by a transducer (9)
of the kind désdwesad skiass wiThe soEpesatentwapube catprriidigtd rtler reatgeonal
publication Nos. W97/09859, W97/09861, W97/09858 which in turn is

connected to #fd thevpaney.an Bl fLret @nd .seepnd trampdueens| maysde

carries a pair of vibration transducers
mounted wholly and exclusively on the radiator. At least

5 two said second transducers may Dbe provided at
predetermined preferential locations or sites on the
radiator. A further transducer may be provided on the
radiator at a predetermined location or site to produce a
signal in response to resonance of the radiator due to

10 incident acoustic energy, and means may be provided for
comparing the signal generated by the said further
transducer with that of those generated by the said second
transducer{s). The comparison means may comprise a signal
receiver and conditioner and signal output means.

15 BRIEF DESCRIPTION OF DRAWINGS

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

Figure 1 1s a diagram showing a distributed-mode
loudspeaker as described and claimed in our co-pending

20 International publication No. W097/09842;

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

Figure 2b is an enlarged cross-section through a
distributed mode radiator of the kind shown in Figure 2a

25 and showing two alternative constructions;

Figure 3 is a diagram of an embodiment of distributed-
mode loudspeaker microphone according to the present

invention, and



(63) which may be piezo-electric transducers of the kind shown in Figure 4
which are coupled in parallel to drive a signal receiver and conditioner

(65) connected to an output (66). Another vibration transducer (63) on thg’
panel (2), 20 e.g.-of- the kind shown in Figure 4, is coupled to driive:a® **; .
filter/correlator the output fromwhich isgfed to the signal receiver’*and** °*
conditioner (65), to provide signal correction. Figure 4 shows a transducer
(9) for a distribut gdgiade £5ipaaelpdrbpddtivie ¥D6w off & Cpysie+-bleetric

di sc-1i ke piezo bender (27) nnunteé>on a disc (118), e.g. of brass, which

i s bonded to atfratxsdafcetthe panel (2), e.g. by an adhesive bond (20). In
operation an acoustic signal applied to the >

EST M S _FOR CARRYING OUT THE INVENTION
5 Refefring to Figure 1 of the drawings, there is shown
a panel-form loudspeaker (81) of the kind described and
claimed in our co-pending International publication No.
W097/09842 of even date herewith comprising a rectangular
frame (1)} carrying a resilient suspension (3) round its
10 inner periphery which supp&rts a distributed mode sound
radiating panel (2). A transducer (9) e.g as described in

detail with reference to our co-pending



12 transducer (9) via leads (28) will cause the piezo disc (27) to bend and
thus locally resiliently deformthe panel (2) to | aunch beandi ng waves into

t he panel. | NDUSTRI AL APPLI CABILITY 5 The invention thus . =,
provi des a sinple | oudspeaker/ m crophone e.g. for use in an : =« *
i nteractive environnent. CLAI MS 1. A panel -form | oudspeaker «(8Lk): <

havi ng a nenber (2) having capability to sustain and propagate

v ¢ o iseSEAALIAL, ORBASNENES Bas! 4SS9)098605 CROSTI b9 o3
W097/09858 of even date herewith, is mounted wgolly and
exclusively on or in the panel (2) at a predetermined
location defined by dimensions x and y, the position of

5 which location is calculated as described in our co-pending
International publication No. W097/09842 of even date
herewith, to launch bending waves into the panel to cause
the panel to resonate to radiate an acoustic output.

The transducer (9) is driven sy a signal amplifier

10 (10), e.g. an audio amplifier, connected to the transducer
by conductors (28). Amplifier loading and power
requirements can be entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 - 88dB/watt under room loaded conditions.

15 Amplifier load inpedance is largely resistive at 6 ohms,
power handling 20-80 watts. Where the panel core and/or
skins are of metal, they may be made to act as a heat sink
for the transducer to remove heat from the motor coil of
the transducer and thus improve power handling.

20 Figures 2a and 2b are partial typical cross-sections
through the loudspeaker (81) of Figure 1. Figure 2a shows
that the frame (1), surround (3) and panel (2) are
connected together by respective adhesive-bonded joints
{20). Suitable materials for the frame include lightweight

25 framing, e.g. picture framing of extruded metal e.g.
aluminium alloy or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam

plastics. Suitable adhesives for the joints (20) include



resonant node vibration conponents distributed over said at |east one area
and have predeterm ned preferential |ocations or sites within said area for
transducer. nreans and having a transducer (9) nounted on said nenber at one

10 of said | ocations or

form ng an acousti.¢ radi ator which provides an acoustic output whgn,:,
resonating, and wherein the | oudspeaker i%lalso a nicrophone and conprises

a second transducer, (63), nounted on the nenmber (2) at qne.of .the 1
5% Sn A of

| ocations or SIS

t he nenber du

accordi ng

to

a surroundi ng

(3).
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interactive environment. Although not shown in Figure 3,
the panel (2) is mounted in a surrounding frame {1) and is
attached to the frame yia a resilient suspension (3) in the
manner shown in Figures 1 and 2. The frame is suspended on
a pair of wires (33), e.g. from a ceiling or on a floor
standing frame (not shown).

The panel is driven to resonate and produce an
acoustic output by a transducer (9) of the kind described
above with reference to our co-pending International
publication Nos. W0%7/09859, W097/09861, WO97/0%858 which
in turn is connected to and driven by an amplifier (10).

The panel also carries a pair of vibration transducers
(63) which may be piezo-electric transducers of the kind
shown in Pigure 4 which are coupled in parallel to drive a
signal receiver and conditioner (65) connected to an output
{66). Another vibration transducer (63) on the panel (2),
e.g. of the kind shown in Figure 4, is coupled to drive a
filter/correlator the output from which is fed to the
signal receiver and conditioner (65}, to provide signal
correction.

Figure 4 shows a transducer (9) for a distributed mode
panel (2) in the form of a crystalline disc-like piezo
bender (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

A&'Rﬁ""i-"'i: RYR

sites to vibrate the nenber to cause it tp reserate .
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2, pharactefised in that the nenber (2) conprises a stiff |ightweight panel
having a cellular core (22) sandw ched between skins (21). 25 4. A
_']ogqspedker——aeeording to claim 3, characterised in that the

r53}§§1ﬁu 2 to the edge of the panel (2). 5. A panel sform, .’
( 0| )i [ it 1 ni y preceding claky] characterised in that" tthe ** °
first angﬁgec s a 14 transducers (9,63) are nounted wholly
and excl usively on the radi ator. 6. Adilyﬂ form | oudspeaker according to
any preceding claim characterised by'—g%‘i;east two said second

1. A panel-form loudspeaker (81) having a member (2)

having <capability to sustain and propagate input
vibrationél energy by bending waves in at least one
5 operative area extending transversely of thickness to have
resonant mode vibration components distributed over said at
least one area and have predetermined preferential
locations or sites within said area for transducer means
and having a transducer (9) mounted on said member at one

10 of said locations or sites to vibrate the member to cause
it to resonate forming an acoustic radiator which provides
an acoustic output when resonating, and wherein the
loudspeaker is also a microphone and comprises a second
transducer {63) mounted on the member (2) at one of the

15 locations or sites to produce an output signal in response
to resonance of the member due to incident acoustic energy.
2. A panel-form loudspeaker according to claim 1,
characterised in that the member (2) is mounted in a
surrounding frame (1) by means of an interposed resilient

20 suspension (3).

3. A panel-form loudspeaker according to claim 1 or claim
2, characterised in that the member (2) comprises a stiff
lightweight panel having a cellular core {22) sandwiched
between skins (21).

25 4. A panel-form loudspeaker according to claim 3,
characterised in that the suspension (3) is attached to the
edge of the panel (2).

5. A panel-form loudspeaker according to any preceding

. claim, characterised in that the first and second



5 transdﬁééﬁ§%%63) at predetern1ned preferential |ocations or sites on the
radi ator. 7. A—patret=form | oudspeaker according to claim” 6,

characterlsed_;fw; r Lot ransducer (63) on the radiator at a .= ..
i‘u jHu e (2) to produce a signal 10 in response to’

preferentiai
A eto |nC|dent& gcoustic energy, and by means - '

resonance oflk
(64, 65) for conparlng the signal generated by the said further transducer

wi th that °f|t§}§sp SR gég é)y tQEeSﬁ{o%n%%ao%&lrl &g eekElus8velyAon

panel -form ord claim 7, I5 characterised 1n that
the compari sonEang « ises a S|gnal recei ver and conditioner (65) and
si gnal output neans ( N

6. A panel-form loudspeaker according to any preceding
claim, characterised by at least two said second
5 transducers (63) at predetermined preferential locations or
sites on the radiator.
7. A panel-form loudspeaker according to claim &,
characterised by a further transducer (63) on the radiator
at a preferential location or site (23 to ﬁroduce a signal
10 4in response to resonance of the radiator due to incident
acoustic energy, and by means (64,65) for comparing the
signal generated by the said further transducer with that
of those generated by the said second transducer(s).
8. A panel-form loudspeaker according to claim 7,
15 characterised in that the comparison means comprises a
signal receiver and conditioner (65) and signal output

means (66).
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