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L OUDSPEAKER ANEL - FORM ACOUSTI C RADI ATI NG ELEMENT .
DESCR P11 Oy WOk TEOHN CAL FI ELD THESTomsmise
relates to |oudspeakers and nore partjcularly to |oudspeakers
conprising panel-form acoustic radiating el enments. BACKGROUND ART 20

It is known from GB- A-2262861 to suggest a panel -form | oudspeaker
conprising:- a resonant rnulti-node radiator el enent being a unitary
sandwi ch panel formed of two skins of nmaterial with a spacing core of
transverse cellular construction, wherein 25 the panel is such as to have
rati«o of bending stiffness (B), in all orientations, to the cube power of
panel mass per unit surface area ([err]) of at |east 10;

) 5 LOUDSPEAKERS WITH PANEL-FORM ACOUSTIC RADIATING ELEMENTS
i0 B IPTI
15 HN D

The dinvention relates to loudspeakers and more
particularly to loudspeakers comprising panel-form acoustic
radiating elements. '

BACKGROUND ART
20 It is known from GB-2-2262861 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 (p) of at least 10;

a mounting means which supports the panel or attaches



a nounting nmeans whi ch supports the Tﬁé\%ﬁﬁﬁg BEENHes 2toit a

supporting bgesodgie 2 free undanped mannepj d an lel ect rpersBbaRiIgeal - dri ve

means coupl ed to the panel which serves to excite a nulti-nodal resonance
in the radiator panel in response to an electrical input within a 5 working
frequency band for the | oudspeaker. US-A-3, 164,221 of RICH discloses a | ow
frequency | oudspgeaksracanprording kedyondbosufree andampedtannexdi ator in the
encl osure, a conpliant_suspension noynti ng tge. radi ator in 1th enctlhosure
for pistonic movement®d AR SIECFFRTBHTR AR ThEMH IS H® FRPY ﬁ‘g heSi r
pressure in the gRehOsiich EBréed/%R bR@itAd BhDEi-irdadDVEe sBridnRel £R/the. .
US- A- 3, 247, 925 of WARNAKA di scl oses what purports to

' radiator panel in response to an electrical input within a

5 working frequency band for the loudspeaker.
I P_I I0ON

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. BSuch 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
tc 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 "veoicing" a space or room; and as or in
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be a | ow frequency resonant pa.emlslgmglﬁngglggm unted in a chassis and

excited by | romechani cal tramegnces 15 founted onpdiiacshAss! S
DI SCLOSURE @”ﬁﬁ%&m ON Enbodi i ent invention use nenbers of

nature, structure and configuration achieyable generally and/or
specifically by inplenenting teachings of our co- 20 pendi ng PCT

publ i cation No. »¥@QiAd¥984Auntiiccieni cied eibrriauwinslducSnaieamsybsnsh tasusnhave
capability to sustain_and propagate input vibrational energy by bending
waves in oper at f\ReRATEAPLY BRMIR) Of r SPRXRSSs 8 ySYIG RFCKORASPEGRLER but
not necessarily e (S .25, conf i .t

W t hout ani sot r'(')’%é/)n o%%é‘r%%?ng?g%i n?ssﬁ%gaggvggrggoﬁé%‘%gnt% ew\‘/)i %rag?i on
conponent s di st phiat,ebrover sGéh hsmersphbreevkenakkposed L @suhacteoupl i ng
wi th anbient air; and have predeterm ned preferential |ocations AMENDED
SHEET 5 be converted into other signals. _

This invention is particularly éoncerned-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

10 in the above PCT application and/or otherwise as
specifically provided herein.

The invention provides a loudspeaker comprising an
enclosure, an acoustic radiator in the enclosure, a
compliént suspension mounting the radiator in the enclosure

15 for limited pistonic movement relative thereto, and

transducer means for driving the radiator, characterised in

that the radiator is a panel-form distributed mode acoustic
radiator, Dby a first transducer mounted wholly and
exclusively on~the radiator fo vibrate the radiator to
20 cause it to resonate, and by means for varying the air
pressure in the enclosure to cause the radiater to move
pistonically. The air pressure varying means may comprise
an air pump. The air pump may comprise a subsidiary
enclosure, a pistonic driver mounted in the subsidiary
25 enclosure and means coupling the interiors of the
respective enclosures such that air pressure waves produced
by motion of the pistomnic driver are transmitted to the

said enclosure.
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or sites within said area f@HISSHEENSAS@EEN jmeans, particul arly

oper at i onal | y W@&1708&8%0r novi ng rart(wmﬂlﬁgﬁeof gf fective ipofehid Plgp to
acoustic vibrational activity in-sare~areatsr—and signals, usual

el ectrical, corresponding 5 to acoustic comMdent of such vi bratronal

activity. Uses are en i ng | nternational publication No.
WD97/ 09842 of even da%%gﬁgggﬁlg (?r%°§ ERt nBRBRT s asgorwﬁthdfqmssnaye 'be
acousti c devi ces piovhasd iﬁal&ﬁéuﬁﬁidnﬁé@ﬁo C erbe atron or for
acoustic filtering or for 10 acousti cal s‘ﬁ‘l.év&n?rs/r?g" 13 (o é“ and
as or in "active'engédogerec devices with transducer means, such as |n a

remar kably w de range of sources of sound or Ioudspeakers when suppl i ed '

with input signals toTB® HdtrdPuted mpdsardovstin radiator W cesipf &4 gphones
when exposed g §QHQ£’ ﬁaq'nlg a lightweight cellular core sandwiching a pair
of high modulus lightweight skins.

DESCRIPTION OF D N

The invention is diagrammatically illustrated, by way

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

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

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

15 Figure 2b is an enlarged cross;section through a
:_distributer:l mode radiator of the kind shown in Figure 2a
and showing two alternative constructions, and

Fa.gure 3 is a diagram of an embodiment of distributed-
mode loudspeaker according to the Present invention.

20 BEST MODES FOR CARRYING QUT THE INVENTION

Referring to Figure 1 of the drawings, there isg shown
2 panel-form loudspeaker (81) of the kind described and
claimed in our co-pending International application No.
(our case P.5711) of even date hereﬁith 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 (%) e.g as

described in detail with reference to our co-pending
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15 be converted into other sighalg suEst gAg@ggmi on is particularly

concer ned V\A&ﬁgﬁ&,&jgve acoustic|devi gaeaced t he form of | oygsRaad@ic. Menbers
as above are herern called distribued. node-acoustic radiators and are

i ntended to be characterised as 20 in thegabove PCT application and/or

ot herw se as specifically provided herein. The invention is a

| oudspeaker coaptesaakjionah epplicmbieonsaNoaco(str ccasedi P.6688/M %) of

encl osure, a conpliant suspension nounting the radiator in thﬁyenclosure 25

for pistonic noG¥AR A tecPere il h 1f dpqpn _"ﬁ‘éﬁ’r% an re’é%]r'ﬁﬁit’@ ¥het &%
pressure in theignghgs%geio PUSE L NErl i dninelO 100K E1 M) S&?ﬂ!xfe@' g .
er a nmenbe ity to-sustain

characterised intha adrator 1s r havi ng capabi
and dimensions x and y, the position of which location is

' 5 calculated as described in our co-pending International
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, connected to the transducer
by conductors (28). Amplifier 1loading and power
requirements can Dbe . entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 - B8dB/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 2a and 2b are partial typical cross—sections
through the loudspeaker (Bi) of Pigure 1. PFPigure 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.gq.
aluminium alloy or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam

plasties. Suitable adhesives for the joints (20) include

dThis Sheet Has Been Replacet
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4 propagate input vibrational energy by bending waves in at |east one

operative argpo7ysending transversely of thickness to Ray&obeganant
node vi bration conponents distributed over said at

5 predeterm ned preferential |ocations or gites within said area for

;. transducer neans and having a transducer

sai d nmenber at oepony. satxyliscardormnn-asicydate etd.ppdhesives.nenber to
cause it to resonate %ornin

acoustic out put
conprise an air
pi stonic driver

. i di at or_.whi i d 10
when TREG g ETRE At oF < AR LIRS A hfan e ne

| east one area and have

mount ed whol |y and exclusively on

RUAB: [Pf A fa RYUGRAMBYgRMhEC panst DRivng’ ¥ E0FL Oﬁ"di-ﬁgg, . ﬁe '

founted 1 n the subsidiary encl osure and nméans coup

interiors of theeLgspestiaerdgtioplnesissicifoniat(9d)r durgesserosswalaskelb
produced by notion of the pistonic driver are transnitted to the said
encl osure. AcGusPPa¥vipyi@uoriént feard Afilydar matrix (98) i.e. a

10

15

20

25

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, cargd,
plastics or metal foil or sheet. Where the skins are of
plastics, <they may be reinforced with fibres e.g. of
carbon, glass, Kevlar (RiM) or the like in a manner known
per se to increase their modulus.

Envisaged skin laygr'materials and reinforcements thus

include carbon, glass, Kevlar (RTM), Nomex (RTM) i.e.

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

paper, bonded paper laminates, melamine, and various

synthetic p}astics films of high modulus, such as Mylar
(RTM), Raptan (RTM), polycarbonate, phenolic, polyester or
related plastics, and fibre reinforced plastics, etc. and
metal sheet or foil. 1Investigation of the Vectra grade of
ligquid crystal polymer thermoplésticé shows that they may
be useful for the injection moulding of unltra thin skins or
shells of smaller size, say up to around 30cm diameter.
This material self forms an orientated crystal structure in
the direction pf injection, a preferred orientation for the
good propagation of treble energy from the driving point to
the panel perimeter.

aAdditional such moulding for +this and other



provided in the said enclosure and/or in the subsidiary enclosure. The
radi ator nmwoonmsprise a |ightweight cellular core sardweBswmgéa pair of
hi gh modul us 20 |i ghtwei ght skins. BRI EF DESCRI PTI ON OF DRAW NGS The
invention is diagrammatically illustrated? by way of exanple, in the
acconpanyi ng drawi ngs, in which:- Figure 1 is a diagramshow ng a

di stri but ed- rmd‘éhQB"QRiti‘Gﬂéﬁkeﬂfl%sde%‘&l B8 RIS ateRbiagh &0r ¥¢FFendi ng
| nt ernati onal bI | c %Qd'\Pé%\&%yt?gﬁ%ﬂggr&%‘ﬁﬁéf%&ﬁaért59| 2%%[ |O(r)]n on

the line A-A of F085
through a for the accurate location of transducer parts e.g. the

motor coil, and the magnet suspension. Additionél with
5 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

10 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,

15 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
materials effectively exhibit usable self-skinning in their
manufacture and/or otherwise have enough inherent stiffness

20 for use without lamination between skin layers. A high
performance cellular core material is known under the trade
name ‘Rohacell’ which may be suitable as a radiator panel
and which is without skins. In practical terms, the aim is
for an overall lightness and stiffness suited to a

25 particular purpose, specifically including optimising
contributions from core and skin layers and transitions
between them.

Several of the preferred formulations for the panel



di stributed node radi ator of the kind shown in Figure 2a and show ng two

alternati ve WOA%MBCti ons, and 5 Figure 3 is a di adCalaBa§/02a6é
enbodi ment of distributed- node | oudspeaker according to the present
i nvention. BEST MODES FOR CARRYI NG OUT THB | NVENTI ON Referrlng to Figure 1

of Lo, drawi ngs ppLietenkin OUE AoBRICL1{QL MLLOLESPERKEE c(BLestg Kind

descri bed and c our Cco- |ona |ca i on

W97/ 09842 of eygendat Eﬁhwéeytéﬂafeemw& ng esc_ftmctaﬂgtth_aéeﬁ farharr&u(sb)
carrying a resilient suspension (3) round its inner periphery which

supports a di st debiigrsl witdheas calidyr aercage'lngrpmsMI bRheydonlr znsducerll( 9) e. g
as described in detail with reference to our gendn¥kopelnternationm

publication Nod®ave\gipstagssal ragde frRmIeECY scrdening rties which
5 should Dbe important 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 radiation 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 pgnel or an
_elecirically 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 2Additionally 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



W97/ 09858 of even date herewith, is nmounted wholly and exclusively on or
.n the panewo 972384t a predeterm ned | ocation defined byPal/gB%¥®eIEAS x and
y, the position of 5 which location is calcul ated as described in our
co-pendi ng I nternational publication No. WW97/09842 of even date herewth,
to | aunch bendi ng waves into the panel to cause _the €ane| to resonate to

radi ate an acouf tReoRRRRAS PYHERRIAYIDGUERFLYISRELY EPFYART bFatheT han

anplifier 10 2%91& Pseg_ng@ Siiliavagpl i fier, connected to the transducer by
conductors nplifier loading and power requirenents can

be entirely normEEectiﬁethﬂd selectivw champited Codkudesdespqraifider s,
senS|t|V|ty being of the order of 86 - 88dB/watt under room | oaded

condi ti ons. 15 appiicatier Eealihe nPARfindeqladiaggdty FB%‘P%t‘M/@ré-taIG ofhns,
pover Nandl! 89 R0 pdRkbfon o 15kl el RRSREER, TRy A AG
heat fromthe n@éxprhémﬂar@lcularly significant for dominant 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 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
effects and/or mid- and higher frequencies 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 Dbi-
directional. The sound energy from the back 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 of uniform
frequency distribution, reduced reflective and standing
wave effects and with | the advantage of superior
25 reproduction o©f the natural space and ambience in +the
reproduced sound recordings. |
While the radiation from the acoustic panel is largely

non-directional, the percentage of phase related



t he transducer and thus inprove power handling. 20 Figures 2a and 2b
are partial wegptasads cr oss-sections through the | oudspeakerCT{@p¥naéé Fi-gur e
1. Figure 2a shows that the frane (1), surround (3) and panel (2) are
connect ed toget her by respective adhesivelbonded joints (20). Suitable

materials for the frane include Iight ight 25 framng, _e.qg. picture
framing of extpfieE@gRtiph dpcreage zﬂf\gen?g’l'%m gPFo’gf“RﬁDV%Pag?‘F‘gss .“%uﬁ%bl e

d teri Locl .l i.ent terl b d f
surround mat er! Ahgntafi! 448:65°!{naG0! %a@eh@%xgo)%fpht Epameubberyand foam

plastics. Suita esives for e joints i ncl ude 49
PCT/ GB96/ 02166 §iepaxys, af theCusudl etanaingrydrdon Aetghtdhrmirees. tid gure -

2b illustrates, to an enlarged scale, that the
benefit of a moderate off-axis placement for the normally
5 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
10 compared with coanventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel sound
radiation gives it a sound volume which does not obey the
inverse sqguare law for distance for an eguivalent point
source. Because the intensity fall-off with distance is
15 wmuch less than predicted by inverse square law then
consequently for off-centre and poorly 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
20 doubled 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, o¢f good sound
guality and reguiring only one transducer and no crossover
for a full range sound from each panel diaphragm.

Figure 3 illustrates another way of combining pistonic



panel (2) is a rigid |lightweight dawes sidyidag geegdre (22) e.g.cof arigid
pl astics fowog@ssve. g. cross |inked 5pemalceni nyl ghl or i decTemssmaisscel | ul ar
matrix (98) i.e. a honeyconb | i1, plastics or the like,

with the cells extending transversely t o ¥ihe pl ane of the panel, and

encl osed by opposed. skins (t g er, card, plastics or netal foil
or sheet. ~\Werdd4 H%"-%qﬁill?é‘ &Pe"B@ Bes‘ﬁf) iRebavipRey ifpd BEUAERSHGECed

ith fib
\Iimnown :oe:e:e togﬂnr?cr ease l%(iealrrag!L 1%83&9%/'% Z%igﬁ Aﬁ sfeir%ﬁﬁ%?en?ﬁdal gng:]d

rei nforcenments ghum raahb€ér ;s‘aafdloru) of asse, kii‘d?\dhadim {.R'ﬁ‘ﬂgureNOIT@hd (RTM
i.e. 15 aramd etc. fibres in various |ays and weaves, as well as paper,

bonded paper | a#i fietms, anﬁ#@mﬁ rieallamf v%lrb%'sliégentqwtlpéum a8) ckavingns of
hi gh nDdqus such as | ar p ol ygar bgnat e henol i c,
pol yester or 5ref{es] b’rl\%;@tl %rﬁﬁaﬁ Bﬁjq e&%ﬁorecgd B a?FaEE“‘ dersitynq

fibreboard, together defining a cavity (155). A panel (51)

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

10 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) of the Xxind descridbed with
reference to our co-pending International application Nos.

15 (our files (P56B3/4/5) of even date herewith mounted wholly
and exclusively on the panel (2) at a predetermined
location as described in our said co-pending International
application No. (our file P.5711) of even date herewith to
launch bending waves into the panel.

20 The interior cavity (155) of tme-enclcsure {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

loudspeaker drive unit (42), by means of a pipe-like

X base o

conduit (90), whereby air pressure waves of acoustic
25 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 freguency acoustic output. In addition the panel is
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or foil. Investigation of the Vectra grade of |iquid

20 netal Shﬁﬁ’l&’
crystal poly 9?'H9(§f‘9rmpl astics shows that they may be usefl;tlmgngrozt he
injection moulding of ultra thin skins or shells of snaller si zg/, lgsay up to

around 30cm di aneter. This material self fegns an orientated crystal

structure in 25 SLhgedigection of injection, a preferred orientation for
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transducer parts % PERR (11) "and to the tramsducer (9) to drive the
) S loudspeaker.
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CERHERE. Wego ipe afivin
radiator pistonically, characterised in that the radiator
is a panel-form distributed mode acoustic radiator, by a
first transducer mounted wholly and exclusively on the
radiator to wvibrate the radiator to cause it to resonate,
and by means for varying the air pressure in the enclosure
to cause the radiator to move pistonically.

2. A loudspeaker according to claim 1, characterised in
the air pressure varying means comprises an air pump.

3. A loudspeaker according to claim 2, ‘characterised in
that the air pump comprises 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.

4, A loudspeaker according to claim 3, characterised by
acoustically absorbent means in the said enclosure and/or
in the subsidiary enclosure.

5. A loudspeaker according to any preceding claim,
characterised - in that <the distributed mode acoustic
radiator comprises a panel having a lightweight cellular

core sandwiching a pair of high modulus lightweight skins.

3This Sheet Has Been Replac
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fperfornance cellular core material is known under the trade nane ' Rohacel |
~ which may beWOWd¥H! e as a radi ator panel and which i s wRGRERISBRENS.” | n

practical ternms, the aimis for an overall |ightness and stiffness suited
to a 25 particular purpose, specifically including optimsing
contributions fromcore and skin Iayerzi)and transitions between them
Several of the preferred fornulations for the panel WO 97/ 09849

PCT/ GB96/ 02166 8 enploy netal and nmetal alloy skins, or alternatively a

carbon fibre reinforcenent. Both of these, and also designs with an
al l oy Aerogel or netal honeyconb core, will have substantial radio
frequency screening properties which 81
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5 should be inportant in several EMC applications. Conventional
panel or cone type speakers have no i nherent EMC screeni hddty. In
addi tion thgwb? ¥Pred form of pi ezo and el ectro dynanicqﬁ?gﬁggﬁggrs have
negligible electromagnetic 10 radiation or stray nmagnet fields.

Conventi onal speakers have a | arge nagggzic field, up to 1 netre distant
unl ess specific conpensati on counter ures are taken. Were it is
inmportant to maintain the screening in an application, electrical
connection can be nmade to the 15 conductive parts of an appropriate DWVL
panel or an electrically conductive foamor simlar interface my be used
for.the edge nounting. The suspension (3) may danp the edges of the panel

(2) to prevent excessive edge novenent of the pangl. 20 Additionally
or alternativel ’;

, fur r d in y be apgplied, ng.g. a§ patches, bonded
to the panel iT'seIec%ﬂﬁ ??p F?GB Q? fZT

{
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positions to danp excessive novenent to distribute resonance equally

over the panel.wopPnessgnt ches nay be of bitunen-based material, as conmonly
used i n conventional 25 |oudspeaker enclosures or nay be of BCTGBIFPI6Mt or

rigid polymeric sheet nmaterial. Sonme materials, notably paper and card,
and sonme cores may be sel f-danpi ng. /@ desired, the danping may be
I ncreased in the construction WO 97/ 9
PCT/ GB96/ 02166 9 of the panels by enploying resiligntly setting, rather
than rigid setting adhesives. Effective said seledi d I ng/i ncl udes
specifi,c application to the panel including its sheetP Qg&&ﬂf of 5 means
permanently associ ated therewith. Edges and corners /
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can be particularly sighificant f.or dom nant and | ess. di spersed | ow
. frequency vibration nodes of panels hereof. Edge-w se fixing of danping
means can usefully lead to a panel with its said sheet niterial fully
franmed, though-19-t:heir corners can oftep be relatively fi.ee;. say.f or
desired extension to |ower frequency operation. Attachment can be by
adhesive or &elit adhespyervbhgrbedg, in Gihereé oumdampedsednherdanpi ng,
particularly in terms of nore subtle effects and/or md- and hi gher
frequenci es can bendyamagleftib-sechablecabkndsive messes catipledd tico thiee
sheet material at predeterm ned effective nedial |ocalised positions of
sai d area. /Aamebustich meariendaexciitiged mpbtd-medpl -resoraneendl the The
sound energy from the back is not 20 strongly phase related to that
from the fFradiateprearfkni?yresReRse ste AN RRITELIGHL gl (Widhdfad on of
acoustic power in the roo sound_ener of _uniform

working requg%cy band forgghe lguésgeaker.

US-A-3,164,221 of RICH discloses a low frequency
loudspeaker comprising an enclosure, an acoustic radiator
in the enclosure, a compliant suspension mounting the
radiator in the enclosure for pistonic movement, and

10 pistonic drive means for varying the air pressure in the
enclosure to cause the radiator to move pistonically.

US—-A-3,247,925 of WARNAKA discloses what purports to
be a low frequency resonant panel loudspeaker mounted in a
chassis and excited by an electromechanical transducer

15 mounted on the chassis.
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-

20 pending PCT publication No. WO097/09842 of even date
herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves 1in
operative area(s) extending transversely of thickness often
but not necessarily to edges of the member(s); are

25 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

AMENDED SHEET



_f'r_equéncy di stributi c')_r.i;.T reduced reflective and standing wave effect.s and
with the advantage of superior 25 reproduction of the natural, space and
anbi ence in the reproduced sound recordings. Wile the radiation.firomthe

acoustic panel "is-l-argely non-directionag, the percentagée of @ phase
rrel at ed WD 97/ 09849 PCT/ GB96/ 02166
10 i nformat ben isictesseswidfiimxi saifor digy oveE€drf octisadiedudde phaahem
stereo i mage, placenent of the speakers, |ike pictures, at the usual

st andi ng persvhibuilghtly cpeiretsdonhd liyeaectiitveodr anowidey giaer tofsf)- akeseof
pl acenment for the normally 5 seated |istener optimsing the stereo effect.
Li kewi se t heffersayel 4m 15katightteeanensiai vhbraspeoelt acthwikysianer
said area(s) and signals, usually electrical, corresponding
5 to acoustic content of such vibrational activity. Uses are
envisaged in co~-pending International publication No.
W097/05842 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
10 acoustically "voicing" a space or room; and as or in
"active" acoustic devices with transducer means, such as in
a remarkably wide range of sources of sound or loudspeakers
when supplied with input signals to be converted to said
sound, or in such as microphones when exposed to sound to
15 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
20 in the above PCT application and/or otherwise as
specifically provided herein.
The invention is a loudspeaker comprising an
enclosure, an acoustic radiator in the enclosure, a
compliant suspension mounting the radiator in the enclosure
25 for pistonic movement relative thereto, .and means for
varying the air pressure in the enclosure to cause the

radiator to move pistonically, characterised in that the

radiator is a member having capability to sustain and

AMENDED SHEET



.provides a further angul ar conponent. Good stereo is thus obtainable. There
is a further advantage for a group of listeners 10 conpared with
conventional speaker reproduction. The intrinsically-dispersed nature
.of acoustic panel-sound radiation gives it a sound vol une: whi ch dees not
obey the inverse square |aw for distance for an equi val ent point source.
Because t he prymigd te :fl@ﬂ)dlto‘fvibi‘\&{:boﬂéﬂ§ﬁ€§g¥5b§5b@rl@.linbe%vtega'lnmaecd' cted
by inverse square |law then consequently for off-cCentre and poorly placed
listeners tHedst enshéy bpeldtioe t herqanebxeoeakes PrLeEREOSrae3yPEIJOr
stereo effect conpared to conventional speakers. This is because'the
of f-centre pilicdthdsst emer ioes nuscdfter rdée 267 idmadieth prodrpRmedits t o
proximty to the nearer speaker; firstly the excessive increase in |oudness
fromthe nediftuidatlied , avelrt heaifhe ador rlespndi ome desreaseand | duadreess

fromthe further |oudspeaker. .
5 predetermined preferential locations or sites within said

A

area for transducer means and having a transducer mounted
wholly and exclusively on said member at one of said
locations or sites to vibrate the member to cause it to
resonate forming an acoustic radiator which provides an
10 acoustic output when resonating. The air pressure varying
means may comprise an air pump. The air pump may comprise
a subsidiary enclosure, a pistonic driver mounted in the
subsidiary enclosure and means coupling the interiors of
the respective enclosures shch that air pressure waves
15 produced by motion of the pistonic driver are transmitted
to the said enclosure. Acoustically absorbent means may be
provided in the said enclosure and/or in the subsidiafy
enclosure. The radiator may comprise a lightweight
cellular core sandwiching a pair of high modulus
20 lightweight skins.

BRIEF DESCRIPTION OF DRAWINGS

The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:-
Figure 1 is a diagram showing a distributed-mode
25 loudspeaker as described and claimed in our co;pending
International publication No. W097/09842;
Figure 2a is a partial section on the line A-A of

Figure 1;
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There is also the advantage of a flat, |ightweight 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 - -

di aphragm Figure -3-illustrates another of conbining pistonic . .'and
di stributed node resonant behaviour in a loudspeaker (81). In the'drawing a

li ghtwei ght, rigig;idiustd i byt eds mge %aqaciglre%g} égQEsQ'@l@Eltiﬁa) ?ﬁré@@h?g d

shown in Figures 1 and 2 forms a front wal ox-like enclosure
having 5 sides stkPutedd modearadbtor13 &nd fndreshowhdensiFliYure 2a

fibreboard, together defining a cavity (155). A panel (51) of acoustic
absor pti on nmaingr ishlowingprind ddddmathiere avodgtfddS)ons, Aapanel  (51) of
acoustic absorption material is provided in the cavity to danp
standi ng Swvaves. Figlime 3 is a diagram of an embodiment of distributed-
mode loudspeaker according to the present invention.
BEST MODES FOR CARRYING OUT THE INVENTION
Referring 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
5 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



10 radi ator panel (2)-is nmounted in the enclosure (8) by neans of a
“conpli ant suspension (7) e.g. to enulate the roll surround of a .
conventional pistonic cone Ioudspeaker and carries a transducer (9 of the
kind described wth-reference to our ndi ng Internatlonah publiCﬁthﬂ
Nos. 15 W97/ 09859, D97/ 09861, V®97/0982§ of even didte héfeW th frount ed

whol Iy and exgliasinge! ymgli tggb@_qegltlg%) Absa Piedet 85%@90' kgﬁé}@g?fg%ﬂ

descri bed in our sal co-pendi ng International pub |cat|6n

of even datewbgrvemgtsmt Qf appeh BaRdi N MAYEE | N19 WaRRdRelwhdliy and The
interior cavity (155) of the enclosure (8) is coupled to a bass punp

(11), that iexcausdyely tée iort erhorcnef paRex-|ike gBclpSPredbi8ohined
containing a pistonic bass | oudspeaker drive unit (42), by neans of a
pi pe-li ke coldwiattionO@efindterepydiaensipnesura&ndwgyesheofpostolshi 6£25
frequency in the bass region are applied to the interior (155) of the
encl osur e 5t owbdgde loketpaneis ¢2)cubatedeas 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 by a signal amplifier

10 (10), e.g. an audio amplifier, ‘connected to -the transducer
by conductoers (28). Amplifier 1loading 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 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 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.q.
aluminium alloy or plastics. Suitable surround materials
include resilient méterials such as foam rubber and foam

plastics. Suitable adhesives for the joints (20) include

-
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pistanically on its conpliant suspension (7) to produce a |ow frequency
‘acoustic out put. In addition the panel is WO 97/ 09849

PCT/ GB96/ 02166 12 caused to resonate by the transducer (9) to cause “the
panel to radiatean-acoustic output at higher frequencies.. An anpilfler
(1) is arranged to feed an acoustic S|gnﬁ to the bass punp (11) ‘and’ to the

transducer (Qnd Qdtr£oltsd Smb@eUtRe3@Nt bebd L&Y MBn a' loudspeaker
(81). In the drawing a lightweight, rigid distributed mode
sound radiator panel (2) of the kind shown in Figures 1 and
2 -forms a front wall of a box-like enclosure (8) having

5 sides (135) and a rear wall (12) e.g. of medium density
fibreboard, together defining a cavity (155). A panel (51)
of acoustic absorption material is provided in the cavity
(155). A panel (51) of acoustic absorption material is
provided in the cavity to damp standing waves.  The

10 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) of the Xkind described with
reference to our co-pending International publication Nos.

15 WwWO097/09859, W097,/09861, W097,/09858 of even date herewith
mounted wholly and exclusively on the panel (2} at a
predetermined location as described in our said co-pending
International publication No. W097/09842 of even date
herewith to launch bending waves into the panel.

20 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
loudspeaker drive unit (42), by means of a pipe-like
conduit (90), whereby air pressure waves of acoustic

25 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 prodﬁce a

low frequency acoustic output. In addition the panel is



1; ‘A Iaudspeaker (81)'conprising an enclosure (8),. an acoustic radiator
he encl osure nt suspension (71) nounting the radiataor in

'the encWﬂﬂ!ﬂﬁ“ Hu Etﬂnonlc novenent rel ative thereto, and neans.(11) for
varying in the enclosurgy8) to cause the.radiatgr (2) to
nove plstonlca ly, characterised in that the radiator (2) is a nmenber
having capability to sustain and propagglggMgput vibrational energy by
bending waves in 10 at |east one operative area extending transversely of
t hi ckness to have x esonappeaRde Vigu)atcompeospagenins shclss bt ed8gpyerarsai d
~at |l east one area and have predeterm ned preferential |ocations or sites
within said esudict readichioer neggns iand tieyi ra dswarsducer qcédplliimnt
nmount ed whol 'y and exclusively on said nenber at one of said |ocations or
sites to vi bratspensiomntel) teowsuisy ithe gaddedivat 6 did RpcPsRdide
radi at or mhlch provides an acoustic output when resonating.
pistonic movement relative thereto, and means (11) for
varying the air pressure in the enclosure (8) to cause the
radiator (2) to move pistonically, characterised in that
the radiator (2) is a member having capability to sustain
and propagate input vibrational energy by bending waves in
10 at least one 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)
15 mounted wholly and exclusively on said member at one 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.
2. A loudspeaker according to claim 1, characterised in
20 the air pressure varying means (11) comprises an air pump.
3. A loudspeaker according to claim 2, characterised in
that the air pump comprises a subsidiary enclosure (185),
a pistonic driver (42) mounted in the subsidiary enclosure
and means (90) coupling the interiors of the respective
25 enclosures such that air pressure waves produced by motion
of the pistonic driver are transmitted to the said

enclosure (8).

4, A loudspeaker according to claim 3, characterised by



2. A Ioudspeaker \gx\g\‘hdl ng to claim1, characterised in 20 the air

;pressur 11) conprises an air punp. 3. A | oudspeaker
accordl aracterised in that the air punp conprises a - . 7%
subsi di ary bnd1osure (185), a pistonic driver (42) nmounted in the = "7 ,°

subsi diary encl osure and nmeans (90) coupl?ﬁg t he interiors of the

25 I f
the pi Ston o AFPUSEIaPd 1y, SRSRTERES o BRor St dbrioa s earlopars 483 ©
| oudspeaker agﬁa(glngntQ ¢! a3 Gl ragtsr F Qg by 14 acoustlcally

absorbent neans (51) 1n t e sald encltosure and/or in the subsidiary
enclosure. 5. g, A'OqgﬁﬁgﬁﬁﬁkeraCSEEgkagngtOtoanﬁnypr%QQQbﬁQn l@l@lm,

characterised in that the radiator (2) comprises a
5 lightweight cellular core (22) sandwiching a pair of high

modulus lightweight skins (21).

i



char act eri sed

in that the radiator

(2)

conprises a b

cellular core (22) sandw ching a pair of high nodulus |ight Au B

(21).
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(54) Title: LOUDSPEAKERS WITH PANEL-FORM ACOUSTIC RADIATING ELEMENTS

(S7) Abstract

A loudspeaker (81) comprising an enclosure, an acoustic
radiator (2) in the enclosure, a compliant suspension (3) mount-
ing the radiator in the enclosure for pistonic movement relative
thereto, and transducer means (9) for driving the radiator pistoni-
cally, characterized in that the radiator is a panel-form distributed
mode acoustic radiator, by a first transducer mounted wholly and
exclusively on the radiator to vibrate the radiator to cause it to
resonate, and by means (11) for varying the air pressure in the
enclosure to cause the radiator to move pistonically.
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