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15 TECHNI CAL FI ELD The invention relates
to packaging and nore particularly to packaging incorporating

| oudspeakers. BACKGROUND ART It is
known from GB- A-2262861 to suggest a panel-form 20 | oudspeaker

conpri sing: - w09'go9.85511 a resonant nulti-node radiator el enepbrisbdeiss
wich p

unitary san anel forned of two skins of material with a
spaci ng core of transverse cellular construgtion, wherein t he panel is
such as to have ratio of bending stiffness 5 (B), in all orientations,
to the cube power of panel nass per unit surface area ([err]) of at
| east 10; a nounting neans which supports the panel or attaches
to it a supporting body, in a free undanped manner;
2

5 IITLE: PACKAGING

10 ESCRIPTT

15 TECHNICAL FIELD

The invention relates to packaging and more
particularly to packaging incorporating loudspeakers.
BACKGROUND ART
It is known from GB-A-2262861 to suggest a panel-form
20 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 construétion, wherein
the panel is such as to have ratio of bending stiffness
25 (B), in all orientations, to the cube power of panel mass
° per unit surface areé (p) of at least 10;
a mounting means which supports the panel or attaches

to it a supporting body, in a free undamped manner;



and an el ectronechani cal dri vmphed—{—e—khe a j /es
to excite a multi-nodal resonancﬁllssﬂ radi at or sIsHEETrH#ﬁ)BEEN! to
an electrical input within a ‘i‘ ‘hcy barjd f or BEPEACED . -'l

| oudspeaker. 5 US- A- 4, 607 m , | NER - it
conpri sing rrew,,f,@gssgeneratl ng ody when POTIEBYGAR 146t he
packagi ng. resiliently nmounted signal generator is disclosed.
DI SCLOSURE OF I NVENTI ON 10 Enbodi ment Sy of the present invention use
menbers of nature, structure and configuration achi evable generally
and/or specifically bﬁnhnﬂhe@ighitﬂg-ﬁtéé‘fiﬁm rOH nfdams couplléaditag thel
publication No. W97/09842 of even date herewi t h. Such nenbers thus

have capability panedswhichaservds tor epaghe s imqimi-ﬁobﬂét resenangrerigy the
bendi ng waves in operative area(s extendl ransversely of thickness
of t en but ndadtedesserpey 18 ﬁﬁ(}é‘s@f tPné“ nggﬁ?'{ aﬁ”éx“t wi'eBa 8
configured with Worlsll ho% %ﬂ 8tyr8£)1¥d Yo T ﬁ%uﬁtsbggﬂgf‘?
5 DISCLOSURE OF INVENTION
Embodiments of the preseant 'inventio'n use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our co-~
pending PCT application no. (Our case P.5711) of even date
10 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
configured with or without anisotropy of bending stiffness
15 to have resonant mode vibration components distributed over:
said area(s) beneficially for acoustic coupling with
ambieﬁt air; and have predetermined preferential locations
or sites within said area for +transducer means,
particularly operationally active or moving part(s) thereof
20 effective in relation to acoustic vibrational activity in
said area(s) and signals, usually electrical, corresponding
to acoustic content of such vibrational activity. Usés are
envisaged in co-pending Internatiénal application No. {(our
file P.5711) for such members as or in "passive” acoustic
25 devices without tra_n;ducer means, such as for reverberation
or for acoustic filtering or for acoustically "voicing" a
space or room; and as or in "active" acoustic devices with

transducer means, such as in a remarkably wide range of



to have resonant node vibration co o ents dlstrlbuted o] EEN
area(s) beneficially for acoustic 1Gvrsll.lliieplaced anb %QE ave
predet erm ned preferenti al Iocatlon i n Q%A

for transducer means, parti onaIIy actlve or nDV|ng
part(s) theregh o effectlve I n relatlon to acoustlc Vi br @ar. vity
in 25 said areé? f and signals, usually electrical, correspondlng to
acoustic content of such vibrational activity. Uses are envi saged in

co-pending International publication No. 37 W97/ 09842 for such menbers
as or in "passive' acous

3 devi ces iTHESE £ aﬁSH@gePrn&8H98p§ﬁ%%r%§w kel SQR#¥£§§23% onﬁﬁgut

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

5 This invention is @particularly concerned with
packaging incorporating acoustic devices e.g. in the form
of loudspeakers. The term ‘packaging’ is intended to
encompass containers generally whether or not they are
disposable.

10 Members as above are herein called distributed mode
radiators and are intended to be characterised as in the
above PCT application and/or otherwise as specifically
provided herein.

The invention is @packaging comprising a board

15 component, characterised in that the board is a distributed
mode acoustic radiator having a transducer mounted wholly
and exclusively on the radiator to vibrate the radiator to
cause it to resonate. The board may be a panel having a
cellular core sandwiched between skin layers. The board

20 may comprise a core of foamed plastics sandwiched between
sheets of craft board. The transducer may be a piezo-
electric bender.

The board formed one side of a box. The box may have
a lid, and means may be associated with the lid for

25 . triggering actuation of the transducer on movement of the

* 1id relative to the box.

The packaging may comprise a signal generator, an

amplifier and an electric battery.



or for acoustic fil teri ng or for acoustically "voicing" a THlL éﬁ@pﬁAgrBEéN;_

room and as or in "active" acoust "l‘fus@ﬁéélﬁa@%eéﬁ”ktenaced tr pnsduqpp ';59

such as in a remarkably w de range o of souhd—oi—d-aueshe

when supplied w th input Si gnaIH mm EME ted to said sound, or in
such as Woshfibaenes when expose be convertmt'l'/d:mmzus

ot her signals. This invention is particularly concerned wth
10 packagi ng incorporati ng acoustic devices,e.g. in the form of

| oudspeakers. The term packag| ng IS i rftended to enconpass

containers generally whether ogg 38
Menbers as above are herein cal radi ators and are

intended to be characegéi ﬁﬁfénﬁdm ishaiagramadbiealN§T iddnistratied; bpdway
ot herwi se as specifically provi ded herein. The invention is

packagi ng conpri efngxampbendin the gavempaayinghdrawings seih whichzoar d
conponent formng a .
Figure 1 is a diagram showing a distributed-mode
S loudspeaker as described and claimed in our co—-pending
International application No. (our case P.5711);
Figure 23 is a partial section on the line A-A of
Figure 1; .
Pigure 2b is an enlarged cross—-section through a
10 distributed mode radiator of the kind shown in Figure 23
and showing two alternative constructions;
Figure 3 is a perspective diagram of an embodiment of
packaging, and
Figure 4 is a perspective view of a transducer.
15 b4 HE
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 Internatiocnal application No.
(our case P.5711) of even date herewith comprising a
5 rectangqular 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 in our co-pending International



20 part of the packaging and acting as a nenber T l% a £T HAS BEEN
capability to sustain and propagais SheetHasBeed REf1td onal !ff? .5 . Q
n [ SY N

bendi ng waves in at | east one op ext endi
t hi ckness to have resonant node

conponents'distributed over
said at | east wo®70988s ar ea and

ned preferent ipgh/deegaisdnNs
or sites within said area-for transducer nmeans and having a .
transducer nounted wholly and exclusively orngsaid nenber at one of said
| ocations or sites to vibrate the nmenber to

3a cause it alpplieabdieh eNS.Or M (RGraRa8eORSETLLY &l &vin \WAiteNherewith,
provi des an acoustic output when resonating. The nenber may conprlse
a cellular core $endanapbdberdimewakés int® the/gasel The camsbertheapanel

r a core of f oaned, pl astics
conp I se to resonatg to radiate an acoustic output.

The transducer (9) is driven by a signal amplifier

5 (10), e.g. an audio amplifier, connected to the transducer
by conductors (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.

10 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 éink
for the transducer to remove heat from the motor coil of
the transducer and thus improve power handling.

15 Figures 2a and 2p 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

20 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 foan
blastics. Suitable adhesives for the joints (20) include
epoxy, acrylic and cyano—acrylate etc. adhesives.

25 Figure 2b illustrates, to an enlarged scale, that the

¢ panel (2) is a rigid lightweight panel having a core (22)
e.g. of a rigid plastics foam (97) e.g. cross 1linked

polyvinylchloride or a cellular matrix (98) i.e. a



sandwi ched between sheets of craft board. The transducer may be a

pi ezo-el ectric bender, and the bender may be crystalline. The nenber
may form one side of a box. The box may have a lid, and neans
associated wwth the lid for 10 triggering actuation of the transducer on
movenent of tRepo7peskd d relative to the box. The packagi ngpo)GBOGORN4E SE a
signal generator, an anplifier and an electric battery to drive the

t ransducer. 6 4

BRI EF DESCRI PTI ON OF DRAW NGS The 1 nvention is diagrammatically

illustrated, by WaheycomhOha¥8RTH€ mdthll FRiaCCoNRItYEOhErEend Nhke,| Rrith
whi ch: - Figure 1 is a diagram showi ng a distributed-node 5

| oudspeaker as desher ickédsaextearidimedransvarsedy pendihegplane ofitEhren glainelal
publ i cation No. W97/09842;

and enclosed by opposed skins (21) e.g. of paper, card,
plastics or metal foil or sheet. Where the skins are of
5 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.
Envisaged skin layer materials and reinforcements thus
include carbon, glass, Kevlar (RTM), Nomex (RTM) i.e.
10 aramid etc. fibres in various lays and weaves, as well as
paper, bonded paper laminates, melamine, and wvarious
synthetic plastics films of high modulus, such as Mylar
{RTM), Kaptan (RTM), polycarbonate, phenolic, polyester ox
related plasties, and fibre reinforced plastiecs, etc. and
15 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
20 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
thermoplastics allows £for the mould tooling to carry
25 location and registration features such as grooves or rings
for the accurate .location of transducer parts e.g. the
motor coil, and the magﬁet susbeﬁsion. Additional with

some weaker core materials it is calculated that it would



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

Figure 2b is an enlarged cross-section through a 10 distributed node
radi ator of the kind shown in Figure 2a and showing two alternative
constructions; Figure 3 is a perspective diagramof an enbodi nent

of packa?rghwﬂgd Figure 4 is a perspective Vimyw 602146
t ransducer. 4 BEST MODES FOR CARRYI NG OUT. THE | NVENTI ON

Referring to Figure 1 of the draw ngs, there7|s shown a panel -form
| oudspeaker (81) of the kind described and clainmed in our co- pendlng

I nternational pulyy s&%eeh&&bus to 14024005 akifVERi SRhes RN o,

conprising a rectangul ar frame (1) carrying a resilient suspen5|on
(3) round its in nagr fda pber yaniiies suppotd s 1504 SOEi bthied transdacend
radi ati ng panel (2). A transducer (9) e.g as described in detail with
reference to our ddemeseti ngol rednfarcenthat argabkndatbiensiiedaliworoopdeo,
W97/ 09861, WD97/09858 of even

vibration energy into the panel. High frequency response
' 5 will be improved with the softer foam materials by this
means.

BEnvisaged core layer materials include fabricated

honeycombé or corrugations of aluminium alloy sheet or

- foil, or Kevlar (RTM), Nomex (RTM), plain or bonded papers,

10 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

nmanufacture and/or otherwise have enough inherent stiffness

15 for use without lamination between skin layers. A high

performance cellular core material is known undexr 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 1lightness and stiffness suited to a

20 particular purpose, specifically including optimising

contributions from core and skin layers and transitions
between them.

Several of the preferred formulations for the panel

employ metal and metal alloy skins, or alternatively a

25 carbon 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 important in several EMC applications.



10 date herewith, is mounted wholly and exclusively on or in t he panel
(2) at a predeterm ned | ocation defined by di nensions x and Y, the
position of which |ocation is cal cul ated as described in our co-pending
I nt er nati onal 5 publ i cation
No. W097/09843y@br/60488 date herewith, to |aunch bendi ng paiaweihite t he
panel to cause the panel to resonate to radi ate an acoustic output.
The transducer (9) is driven by a signal anp%ifier 5 (10), e.g. an audio
anplifier, connected to the transducer y conductors (28).

Amplifier | oadi pgpnvehtiongddebanel of cGohé cOPPé Sspeakers ave @t iindefrent
nor mal , simlar to conventional cone type speakers, sensitivity
bei ng of the EMEr soreenidg capg8bBliky+ under room | oaded conditi ons.

In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
S 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
10 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.
15 Additionally or alternatively, further damping may be-
applied, e.g. as patches, bonded to the panel in selected
pbsitions to damp excessive movement to distribute
resonance equally over the panel. The patches may be of
bitumen-based material, as commonly used in conventional
20 loudspeaker enclosures or may be of a resilient or rigid
polymeric sheet material. Some materials, notably paper
and card, and éome cores may be self-damping. Where
desiréd, the damping may be increased in the construction
of the panels by employing resiliently setting, rather than
25 rigid setting adhesiyes.
Bffective said seiective damping includes specific
application to the panel including its sheet material of

means permanently associated therewith. Edges and corners



10 Amplifier load inpedance is largely resistive at 6 ohns, power

handl i ng 20-80 watts. Were the panel core and/or skins are of netal,
they may be nade to act as a heat sink for the transducer to renove
heat fromthe notor coil of t he transducer and thus inprove power
handling. 15wge gﬁgures 2a and 2b are partial typical croper/gBsdaziss

t hrough the Ioudspe (81) of Figure 1. Figure 2a shows that the
frame (1), surround (3) and panel (2) are connect ed toget her by
respect I ve adhesi ve-bonded joints (20) Suitable materials for the
frame include |ighg WBedhdar#ituld@AW N8ignef feantdi Ebr AontiiitNnJandf less
extruded netal e.q. al um ni um al ?oy or plastics. Suitable surround

mat eri al s | dtdpeimsededidv drequeneyi Fibratitn asodesinof lmmlartcbxf@efm
plastics. Suitable adhesives for the joints (20) include

acrylic and cyarﬁﬂ%ﬁn‘sﬂs&t £igting a:tﬁné%ﬂwg means canFl"@.?rfé‘ 218 |149|aéstt|°ataes
LSV?R;Q' araed SN B B parailer BadebeRy il 'R SRR
5 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 freguencies can be by way of
10 suitable mass or masses affixed to the Sheet material at
predetermined effective medial localised positions of said
area.

An acoustic panel as described above 1is Dbi-
directional. The sound energy from the back is not

15 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 unif_orm
frequency distribution, reduced reflective and standing
wave effects and with the advantage of superior

20 reproduction of 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
information increases off axis. For improved focus for the

25 phantom stereo image, placement of the speakers, 1like
pictures, at the usual standing person he.ight, confers the
benefit of a moderate off-axis placement for the normally

seated listener optimising the sterec effect. Likewise the



pol yvinyl chloride or a cellular matrix (98) i.e. a

6 honeyconb matri x of metal foil, plastics or the like, with t he
cells extending transversely to the plane of the panel, " and encl osed
by opposed skins (21) e.g. of paper, card, pl astics or netal foil or
sheet. Were tyeohdosszs are of 5 plastics, they may be rei nPoTABSS/M2146h
fibres e.g. of carbon, glass, Kevlar (RTM or the like in a manner
known per se to increase their nodul usip Envi saged skin | ayer
materials and reinforcenents thus i ncl ude carbon, glass, Kevlar (RTM,
Nomex (RTM i.e. trifngalaniiefitfrightbgeenetry awiitdugebsppetarnl thealéstensr
wel | as paper, bonded paper |am nates, nelam ne, and vari ous

provides a further angular component. Good stereo is thus

obtainable.
There is a further advantage for a group of listeners
5 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 eguivalent point
source. Because the intensity fall-off with distance is
10 much less than predicted by inverse sguare 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
15 doubled problem due to proximity to the nearer speaker;:
firstly the excessive increase in loudness f£rom the nearer
speaker, and then the corresponding decrease in loudness
from the further loudspeaker.
There is also the advantage of a flaf, lightweight
20 panel-form speaker, visually attractive, of good sound
guality and requiring only one transducer and no crossover
for a full range sound from each panel diaphfagm.
Figure 3 illustrates packaging incorporating the
loudspeaker technology of Figures 1 and 2. As shown in
25 PFigure 3, the packaging is in the form of a box (111)
having a hinged 1id (139), the box, or at least part of it
being made from a composite comprising a core of foamed

plastics sandwiched between sheets of craft board to form



synthetic plastics filns of high nodulus, such as Ml ar (RTM, Kaptan

(RTM, polycarbonate, phenolic, polyester or rel ated plastics, and
fibre reinforced plastics, etc. and 15 netal- sheet or foil

I nvestigation of the Vectra grade of liquid crystal polyner

t her nopl ast i cswalvgusss hat t hey nay be useful for the injReldd3b2146
nmoul ding of ultra thin skins or shells of smaller size, say up to
around 30cm di anet er. This material sejf fornms an orientated crystal
structure in 20 the direction of injection, a preferred orientation for
t he good preppeaeloasoshowebin Bimrry Z,r auchhéhdti thegbpsi BbmbPises
t he panel perineter. Additional such nmulding for this and

other  thernopl 83%i¢s kightheiaht dastrbbnted geadepacysddcr yadstoncas i on
focat | on of tranSBRREFPRR LEE FFrhRRe R0 hignrel ot jand s (e Magnet
i;fgﬁ?;]{ gg- t haf\d?!t t i/vgu ljtﬂ‘étﬂre_senécﬁ?sé’)’e%%r £835CpdBEE" (248) ' be' Bhe box
: 5 is used to form a distributed mode radiator loudspeaker
(81), although any one of the panels making up the sides of
the box would be suitable if suitably constructed. An
alternative p;acement for the transducer (9) is shown in
dotted lines.

10 A piezo transducer (9) as shown in Pigure 4 is
attached to the inner face of the rear panel (140) of the
box and is driven by a sound generator/amplifier/battery
unit (112) also mounted on the rear panel. The unit {(112)
is controlled by a switch formed integrally with a hinge

15 (53) by which the lid (139) is secured to the box, whereby .
‘the sound generator is activated when the 1id is lifted.

In this arrangement the edge termination of the panel
(2) is formed by the corners of the box so that no
additional frame (1) or suspension (3) of the kind shown in

20 ?igures 1l and 2 is required.

It will be appreciated that the packaging need not be
of the shape shown in the drawing, and could, for exémple,
be shaped éccording to the requitements of the contents.
Thus the packaging might be shaped to enclose a comﬁact

25 disc or the like and'may be arranged to provide an audio

s preview of the contents of the compact disc or to provide
other- information relating thereto. As another example,

the packaging may form a musical box. As a further example



7 be advantageous to increase the skin thickness locally e.g. in an
area or annulus up to 150% of the transducer di aneter, to reinforce
that area and beneficially couple vi bration energy into the panel. High
frequency response 5 will be inproved with the softer foam materials by

this MeanSyo 97/09855 Envi saged core | ayer materials incl rdwGBageaisat ed
honeyconbs or corrugations of alum niumalloy sheet or foil, or Kevlar

(RTM, Nomex (RTM, plain or bonded papers, 440 and various synthetic
plastics films, as well as expanded or foamed plastics or pulp

materials, even aeheyphackyshd may bé akranpeabky hawedandibyinstbabtions
sui tabl e core | ayer materials effectively exhibit usable self-skinning
in their concerning the contents.

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

panel (2) in the form of a crystalline disc-like piezo

5 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
transducer (9) yia leads (28) will cause the piezo disc
(27) to bend and thus locally resiliently deform the panel

10 (2) to launch bending waves into the panel.



manuf acture and/ or ot herw se have—enough—imherent stiff ne A5 for—us.
wi t hout | amination between skin Iluﬂl perfk hhlSrﬁHf.ETeH“IASIIBEEN
core-material is known under thHImmm“I'm |‘ Rohacel § ' WI’]REPLA@ED be
suitabl e as a radiator panel *angd whi ¢h s Wit hout skrrs=—r pract Tcat
ternms, the ai o orm008ss for an overall |ightness and stiffnessp&ichoghiss 2
20 particular purpose, specifically including optimsing
contributions fromcore and skin layers andsgransitions bet ween t hem
Several of the preferred fornul ations for tﬁe panel enpl oy nmetal and
metal alloy skins, or alternatively a 25¢cgagaubon fibre reinforcenent.

Both of these, and also designs with an all oy Aerogel or netal
honeyconb core, Wi.l| Packhgmngsndnpnamdhglarhdhndfa&mpununt.schaeabhgrzsed

properties which should be inportant in several EMC applications.
. in that the board is a distributed mode acoustic radiator

having a transducer mounted wholly and exclusively on the
5 radiator to vibrate the radiator to cause it to resonate.
2. Packaging according to claim 1, characterised in that
the board is a panel having a cellular core sandwiched
between skin layers.
3. Packaging according to claim 1 or claim 2,
10 characterised in that the board comprises a core of foamed
plastics sandwiched between sheets of craft board.
4. Packaging according to «claim 1 or claim 2,
characterised in that the transducer is a piezo-electric
bender.
15 5. Packaging according to claim 4, characterised in that-
the bender is crystalline. |
6. Packaging according to any preceding claims,
characterised in that the board forms one side of a box.
7. Packaging according to claim 6, characterised in that
20 the box has a lid, and characterised by means associated
with the lid for triggering actuation of the transducer on
movement of the 1id relative to the box. _
8. Packaging according to claim 7, characterised by a

signal generator, an amplifier and an electric battery.

This Sheet Has Been Replaced
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8 Conventional panel or cone type speakers have no inherent EMC
screening capability. In addition the preferred formof piezo and
el ectro dynam ¢ transducers have negligible electronagnetic 5
radi ati on or stray magnet fields. Conventional speakers have a | arge
magnetic fiel dwogpodses 1 netre di stant unl ess speci fi C Cofpendoadidn
counter neasures are taken. Where it is inportant to maintain the
screening in an application, electrical connection can be nmade to the
10 conductive parts of an appropriate DM, nel or an electrically
conductive foamor simlar interface may used for the edge

nount i ng. The suspension (3) may danp the edges of the panel (2)
to prevent excessive edge novenent of the panel. 15 Additionally or
alterpatively, further danping may be

-I1 /81 2

Ay 1A
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Fig. 1
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applied, e.g. as patches, bonded to the panel in selected positions to
danp excessive novenent to distribute resonance equally over the panel
The patches nay be of bi t umen-based material, as conmonly used in
conventional 20 |oudspeaker enclosures or may be of a resilient or rigid

polynmeri c sheayoewbsed al . Sone materials, notably paper PeRfEEdSH4e aNd

sone cores nmay be sel f-danping. Wer e desired, the danping may be
i ncreased in the construction of the panels by enploying resiliently
setting, rather than 25 rigid setting adhgsives. Ef fective said
sel ective danping includes specific i cation to the panel including
Its sheet material of means pernmanently associated therewith. Edges and
corners

' 1 W 3 2 n 2 )
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Fig.2b
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9 can be particularly significant for dom nant and | ess di sper sed

| ow frequency vibration nodes of panels hereof. Edge-w se fixing of
danpi ng neans can usefully lead to a panel with its said sheet materi al
fully framed, though 5 their corners can often be relatively free, say for
desired eXveoppsess t 0 | ower frequency operation. Attachmegt.. »

by adhesive or self-adhesive materials. Oher forns of usefu anpi ng,
particularly in terms of nore subtle effects and/ or m d- and higher
frequenci es can be by way of 10 suitable ss or masses affixed to the
sheet material at predet er m ned effeqzzgg medi al | ocalised positions of
sai d ar ea. An acoustic panel Yas descri bed above is bi-

di rectional . The sound energy fromthe back is not 15 strongly phase
related to that from the front. Consequently there is the benefit
of overall sunmation of acoustic power in the room sound energy of

uni form

L
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frequency distribution, reduced reflective and standi ng wave effects
and with the advantage of superior 20 reproduction of the natural
space and anbi ence in the reproduced sound recordi ngs. Wi | e
the radiation fromthe acoustic panel is largely non-directional, the
percentage ofwookoese related information increases offcricgosn2ad’

i nproved focus for the 25 phantom stereo inage, placenent of the speakers,
i ke pi ctures, at the usual standing person height, confers the

benefit of a noderate off-axis placenent the normal ly seat ed

| i stener optimsing the stereo effect. ljgéih se the

10 triangular left/right geonmetry with respect to the |istener

SUBSTITUTE SHEET (RULE 26)



- prov}des a further angul ar conponent.' Good-stereo is thus - obt ai nabl e.
There is a further advantage for a group of listeners 5 conpared with

~conventional speaker reproduction. ‘The intrinsically dispersed
nat ure of acoustic panel sound - radiatign gives it a sound vol ume which
does not obey the i nverse square |aw for distance for an equival ent

POLNE o SOUrce. sREAUSIdersbanshinsial | aplbe hiblind 3324 Sto Hhauch

| ess than predicte y 1 nverse square consequen

of f-centre anghaRRAr LY ikhasedvlisSteNeLsi thea multfuﬁgﬁéiYréé&ﬂ&hé@rlﬁhﬁhe
panel speaker “pronotes a superior stereo effect conpared t

conventional spEakeicr pEiied iiT respEGRII® tHie dfdctrandle ﬁ;ﬁﬁ@d»iwmn@r
does not suffer the 15 doubled problemdue to proximty to the nearer

speaker; Wordding tflregmeressibend Moradre i Ioddspkeissr f rom t he nearer
speaker, and then the corresponding decrease in |oudness fromthe
further | oBdspeakelUS-A-4, 607 TRker e afs alSMEINER addamcigsed a pgdckaging

i ghtvvel ght
comprising means for generating a signal or melody when
opening the packaging. A resiliently mounted signal
generator is disclosed, |
DISCLOSURE OF INVENTION
10 Embodiments of the present invention use members of
nature, . sfructure and configuration achievable generally
and/or specificaily'by.implementing teachings of our co-
pending PCT .publication No. WO097/09842 of even date
heréwith. Sﬁch members thus have capability to sustain and
15 propagate input vibrational energy by bending waves in
ope;ative area(s) extending transversely of thickness often
but not necessafily to edges of the member(s); are
configured with or without anisotropy of bending stiffness
to have resonant mode vibration components distributed over
20 said area(s) beneficially for écoustic coupling with
ambient air; and have predetermined preferential locations
or _sites within said aréa' for transducer means,
partlcularly operationally active or moving part(s) thereof
.effectlve in relation to acoustic vibrational activity in
25 said area(s) and signals, usually electrical{ corresponding
to acoustic content of such vibrational activity. Uses are
envisaged in co-pending International publication No.

WO097/09842 for such members as or in "passive" acoustic
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20 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 packagi ng

i ncorporating the | oudspeaker technol o %y of Figures 1 and 2. As shown’
in 25 Figure 3, the packaging i's in the formof a box (111) havi ng a

hinged |id (1&”8&1&9%%0&%?%&&@%&%& Qf ét}ch as 2‘3 C%e g%efrra%mo%

conposite conprising a Tastcs $Hdh etwe

et vt b PR dobeIEn I oring o for, SpOBELcerLpTaU LEBhO e
acoustic radi gboke a8r room?eﬁﬁ&'QSdofﬂﬁh rateioBeeabeukitder Asvicalddwd th
transducer means, such és in a remarkably wide range of
5 sourées of'sqund or loudspeakers when supplied with input
signals to be convérted to said sound, or in such as
microphones when expoéed._to sound to be converted into
other signals.
| lThis invention is particularly concerned with
10 packaging incorporating acoustic devices e.g. ih the form
of loudspeakers. Thé térm "packaging' is intended to
encompasé containers generally whether or not they are
disposable. . |
Members_és above are herein called distributed mode
15 radiators and are intended to be characterised as in the
above PCT application and/or otherwise as specifically
providéd herein. |
The invention is packaging comprising_'a sound
;_:. generator,-charécterised by a board component forming a
20 part of the packaging and acting as a member having
capability to sustain and propagate input vibrationél
energy by bending waves in ét least one operative area
extending trgnsversely of thiékneSs to have resonant mode
vibration components distributed over said at least one
25 .area and have predetermined préferentiél locations or sites
within said area for transducer means and having a
'_transducer moﬁnted wholly and excluéively oh(said member at

one of said locations or sites to vibrate the member to
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In the, present case, the rear panel (140) of the box 5 is used to forma
di'stri buted node radi at or | oudspeaker . (81), although any one of the
‘panel s maki ng up the sides of the box would be suitable if suitably
construct ed. An alternative place t for-the transducer (9) is
shown in ~dotted lines. 10 A piezo transducer (9) as shown in
Figure 4 1s causd LAEhed LQdditaidinEorhing gh tod e péaaha(t$é0)wxpifcr§he.
box and is driven by a sound generator/anplifier/battery unit (112

al so mount ed @rohiidesean PaBehstIBe ouiput( Whdn reson&tL0d! r olrhed dmiser
switch formed integrally with a hinge 15 (53) by which the Iid (139) is
secured to thealjoxcombetieky. a cellhtagousdrgensimiwiched adtwpdes vdein t he
lidis lifted. In this arrangenent the edge term nation of the
panel 5( 2 aiyexfsar mithebynenthbe xc araye reomyfr itsee b @oreo dfh&oaned plastics
addi tional frame (1) or suspension (3) of the kind shown in 20 Figures 1
and 2 is requsesdwiched betweaemis$hedfes apprerafiteboandt tRMbepatieagdureared
not be ’ . :
may be a piezo-electric bender, and the bender may be

crystalline. The member may form one side of a box. The

box may have a 1lid, and means associated with the 1id for

10 triggering actuation of the transducer on moveméﬁt of the
| lid relative to the box. The packaging may comprise a
signal geherator, an amplifier and an electric battery to

drive the transducer.
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of.the,shape shomh I n the'dramdng, and coul d, for exanple, be shaped-

according to the requirenents of .the contents. -Thus the. packagi ng
m ght be shaped to enclose a conpact 25 disc or the |like and may be

arranged to-provide an audio previ ew gf the contents of the conpact
di sc or to provide other information relating thereto. As another

exanpl e, t he packagi ng ﬁﬁiEﬁobﬂgéRﬁﬁﬁﬁ%ﬁ JROpRAfFINES Ur t her exanpl e
.12 t he packagi ng may be arrange gl ve audi o I nstructions
concerning the com@Ntisvention 1sFﬁi&ﬁﬁhﬂmé@?@@lﬁyti@DﬁQHESEeég)b?oﬁa§
di stri buted node panel (2) in the formof a crystalline di sc ke

piezo. 5 ben@Qre&%ﬁbﬂ§NHﬂﬁHtK§1ébébﬁpaﬁ#iﬁ@ dea@ingk, biaswhiwhi:ch

Figure 1 ‘is a dlagram showing a dlstrlbuted-mode
5 loudspeaker és' described and claimed in our co-pending
International publication No. W097/09842;
Figure 2a is a partial section on the 1line A-A of
Figure 1; .
Figure 2b is an enlarged cross-section through a
10 diétributed ﬁode radiatcr of the kind'shown in Figure 2a
and showing two alternative constructions;
Figure 3 is a perspective diagram of an embodimént of
packaging, énd
Figure 4 is a perspectivc view of a transducer.

i5 ' BEST MODES FOR CARRYING OUT THE INVENTION

.Referring to Figure 1 of the drawiﬂgs, there is shown

a panel-form loudspeaker (81) of the kind described ahd
claimed in our co-pending International publication No.

B WO97/09842 of even date herewith comprising a rectangular

5 frame (1)_carrYing a resilient suspension (3) round its

inner periphcry which supports a distributed mode sound

radiating panel (2). A tranSdﬁcer (9) e.g as described in

detail with reference to our co-pending International

publication Nos. WO97/09859, W097/09861, WO97/09858 of even

10 date herewith, is mounted wholly and-exclusively on or in

the panel (2) at a predetermined location defined by

‘dimen_sions X and y_,.'the position of which loca_tion- is

calculated as described ih our co-pending International
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is bonded to a face of the panel (2),.e.g.” by an adhesive bond (20). In
operation an acoustic signal applied to the transducer (9) via |l eads
(28) wi'll cause the piezo disc (27) to bend and thus locally '
resitiently deformthe panel 10 (2) to Iagnch bendi ng waves into the

panel . 13

CLAI M5 (]j'p bfﬁege% Ino . (WY {o?swrbﬁl &en %a@@%ex&ei}?r &PMaunch
characterised b oard conponen formng a part of - t he packagi ng

and acting aSb@nHEHB%aG@% hﬁtbnenéapabeilta caPsd crdIPadidl M HRisRpRAR e

i nput vibrational energy by bendi ng waves in at | east one operative

area extendi ngo radiktanavieagsehytifc tdutyatess to have resonant node
conponents distributed over said at | east one area and have

vi brati on

5

10

15

20

25

The transducer (9) is driven by a signal amplifier
(10), 'e.qg. ah‘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 be}pg of the
order of 86 - B88dB/watt under room: loaded coﬁditions.

Anplifier load impedance is largely resistive at 6 6hms,

" 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.

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 banel (2) are
connected together by _respective adhesive-bonded joints
(20). Suitab;e materials'for the frame include lightweight
framing, e.g. picture framing of extruded metal e.g.
alumiﬁium allby or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam
plastics. Suitabie adhesives for the jbints (20) inclﬁde
epoxy, acrylic and qyano—acrylate etc. adhesives.

Figure 2b illustrates, to an enlarged scale, that the
ﬁanel (2) is a rigid lightweight pranel having a core (22)
e.g. of a rigid plastics foam (97) e.g. cross linked

polyvinylchlofide or a cellular matrix (98) i.e. a
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predéternined preferenti al | ocations or sites within said 10 area for

t ransducer neans and having a transducer (9) nount ed whol I'y and
excl usively on said nmenber at one of said locations or sites to
vibrate the nenber to cause it to reggnate-formng an acoustic
radi at or whi ch provi des an acoustic output when resonating. 15 2.

- Packagi ng according to claim1, characteuag#$ i n t hat ~ the nenber (2)
conprises a cellular. core (22) sandw ched bet ween skin layers (21).

3. Packagi ngl accoPatkhggingcl al 2] clramptiesined en thaund. genemratober
(2) conprises a core (22) of foamed plastics 20 (97) sandw ched between
sheets of crafRapR@Fer{sef. by a hoarpaerapoagniccordi fgrmbnany aeetofof

S SLTT & honre packUELASIRRS R a e, of et s L

that 25 the bender (9) ISEVRIAAINE tnpde COSAEELOG) SRSIA Ty 1O

| bending wave; in.at least one operative area extending
transversely of thickness to have resonant mode vibration
components distributed over said at least onelarea and have
predetermined preferential locationé or sites within said

10 area for transducer means and having a- trapsducér (9)
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 radiétor which'provides'an
acoustic output when resonating.

15 2. Packaging according to claim 1, characterised in that
the member (2) comprises a cellular core (22) sandwiched
between skin layers (21).

3. Packaging according'to claim 2, characterised in that
the member (2) comprises a core (22) of foamed plastics

20 (97) sandwiched between éheets of craft board (21).

- 4. 'Packagiﬁg according to any one of claimé 1 to 3,
characterised in that the transducer '(19)' is a piezo-
electric bender. - |
5. Packaging according to claim 4,'characterised~in that

25 the bender (9) is crystalline.

6. Packaging according to any' precéding claims,
characterised in that the member (2) forms one side of a

‘box (111).
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charécterised i t hat the nenber (2) forns one side of a box (111).

~14.°. 7. Packaging according to claim®6, characterised in;that _:the box
(111) has a lid (139), and by neans (53) associ ated with the lid for-. .
triggering actuati-on-of the transducer (9);, on novenment of the Iid**"*

relative to the box. 5 8. Packaging accordlng to claim?7, characterised
by a  signah, genenakelgimn auYddiRf @'%lae[hrﬁ”@c'[éﬂ&ra@ééﬁé’ed if lfAe tO

drive the transducer.
the box (111) has a lid (139), and by means (53) assoc1ated
with the lid for triggering actuation of the.transducer (2)
on movement of the 1lid relative to the box.

5 8. Packaging according to claim 7, characterised by a

signal generator, an amplifier and an electric battery

(112) to drive the transducer.
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