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TI TLE: NOTI CEBOARDS | NCORPORATI NG LOUDSPEAKERS 10

DESCRI PTI ON' 15 TECHNI CAL FI ELD The invention rel ates
to noticeboards and the |ike visual display apparatus. BACKGROUND ART It is
known from CBva928%2861 t 0 suggest a panel -form 20 | oudspeaker/GBgsNRIéssi Ng: -
a resonant nulti-node radiator elenent being a unitary sandw ch panel
formed of two skins of material with a spgcing core of transverse cellul ar
construction, wherein the panel is such as to have ratio of bending
stiffness 25 (B), in all orientations, to the cube power of panel nass per
unit surface area ([err]) of at least 10; a nounting nmeans whi ch supports
the panel or attaches to it a supporting body, in a free undanped nanner;

*
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5 IITLE:
NOTICEBOARDS INCORPORATING LOUDSPEAKERS

10 - DESCRIPTION
15 TECHNICAL FIELD

The invention relates to noticeboards and the like
visual display apparatus.
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 construction, 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-area {(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 drive means coupled to the panel which serves to
excite a nmulti-nodal resonance in the radi ator panel in response to an

el ectrical input within a working frequency band for the | oudspeaker. 5
US- A- 3, 247, 925 of WARNAKA di scl oses what purports to be a | ow frequency
resonant panewolopusapeaker nmounted in a chassis and excit ed Poy/GB9a6/02165

el ectromechani cal transducers nounted on the chassis. D SCLOSURE OF

| NVENTI ON 10 Enbodi ments of the pregent invention use nmenbers of
nature, structure and configuration achievabl e generally and/or

specifically by i nan@anant elgctesatedigamnfalo @rive neandi eoupTdapubdl that i on
No. W)97/09842 of even date herew th. Such nenbers thus have capability to
sustain and 1Pamedpwhick seNas kebexcitaa muddigpredsl Rerpuanpcgadasthe

radiator panel in response to an electrical input within a
working frequency band for the loudspeaker.
5 D R I NT
Embodiments of the present invention 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 wnember(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
ambient 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 areé(s) and signals, usunally electrical, corresponding
to acoustic content of such vibrational activity. Uses are
envisaged in co-pending International application No. (our
file P.5711) ‘of even date herewith for such members as or
25 in "passive" acoustic devices without transducer means,
such as for reverberation or for acoustz:.c filtering or for
acoustically "voicing" a space or room; and as or ina

"active” acoustic devices with transducer means, such as in

iThis Sheet Has Been Replacet THIS SHEET HAS BEEN |
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operative area(s) extending transversely of thickness often but not
necessarily to edges of the nenber(s); are configured with or w thout
ani sotropy of bending stiffness to have resonant node vi bration conponents
distributed over 20 said area(s) beneficially for acoustic coupling
wi th anbi ent. wa 97/00888d have predeterm ned preferential | ocatroIEBIem216s Sit es
W thin said area for transducer neans, particularly operationally
active or noving part(s) thereof effectivg in relation to acoustic
vibrational activity in 25 said area(s) and signals, usually electrical,
correspondi ng & remarktable widé aningef cfusburddy @ifi soahd antt iloudgpebkessar e
envi saged in co-pending International publication No. WO97/09842 of even
dat e herew t h whgn sindpliedbavidhasinput rsignals” pasbevs’onaeubsﬂu todeaides
W t pout transducer nmeans, such

sound, or in such as microphones when exposed to sound to

. be converted into other signals.

5 This invention is particularly concerned with wvisual
display apparatus incorporating acoustics devices e.g. 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 is visual display apparatus comprising
a notice or the like board, characterised in that the
notice or the like board is a distributed mode acoustic
15 radiator having a transducer mounted wholly and exclusively
thereon to vibrate the radiator to cause it to resonate.
The display apparatus is thus a loudspeaker which can be
used to reinforce the visual information displayed thereon.
The radiator may comprise a stiff lightweight panel having
20 a cellular core sandwiched between skin layers, a
surrounding frame and a resilient suspension mounting the
panel in the £rame. The frame may have a return 1lip
concealing the suspension. The skins may be of or may
comprise paper and the core may comprise paper honeycomb.
25 The transducer may be a piezo electric bender.
¢ BRIEF DESCRTIPTION OF DRAWINGS
The invention is diagrammatically illustrated, by way

____c_?_g___e_fax_gple, in the accompanying drawings, in which:-
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as for reverberation or for acoustic filtering or for acoustically
"voicing" a space or room and as or in "active" acoustic devices with
transducer nmeans, such as in 5 a remarkably w de range of sources of sound
or |oudspeakers when supplied with input signals to be converted to said
sound, or in.susbygessi crophones when exposed to sound to bepEpaisidRE | Nt O
ot her ‘signals. This invention is particularly concerned with visual 10 :
di spl ay apparatus incorporating acoustics gevices e.g. in the form of _
|:oudspeakers. Menbers as above are herein called distributed node acoustic
radi ators and are i Fignded % oibe a£hdiagrani SHbwangi nat ldd sarawetE& mode
application and/or otherwi se as 15 specifically provided herein. The
invention is vilOWASPERERFa@sapiRseniRedoapdi siadnedndmi ceunr cohpendiag boar d
to which notic§§ or the like can be fixed e. with pins, characterised in

that the noticdRGETBAEIPPRE BpRAIFatdop R@rrbegbﬁﬁv?ﬁﬁe Bpebilidisty to sustain

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

Figure 2b is an enlarged cross-section through a
distributed mode radiator of the kind shown in Figure 23
and showing two alternative constructionmns;

Figure 3 i; a perspective diagram of a first

10 embodiment of noticeboard according to the present
invention;

Figure 4 is a perspective view of a second embodiment
of noticeboard according to tﬁe present invention;

Pigure 5 is a partial cross-sectional view of the

15 noticeboard shown in Figures 3 and 4, and

Figure 6 illustrates one form of transducer.

BEST MODES FOR_CARRYING OUT THE INVENTION

Referring to Figure 1 of the drawings, there is 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 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
International applications Nos. (our cases P.5683/4/5) of

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

in the panel (2) at a predetermined location defined by
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20 and propagate input vibrational energy by bending waves in at |east one
operative area extending transversely of thickness to have resonant node

vi bration conponents distributed over said at | east one area and have
predeterm ned preferential |ocations or sites within said 25 area for
transducer meWOP7@M48havi ng a transducer nounted whol |y and PEXEBIEN2IES yv_on
said nmenber at one of said |ocations or sites to vibrate the nenber to
cause it to resonate form ng an acoustic madi ator which provides an 3a
acousti c output when resonating. The radiator may have a cellular core
sandw ched bet ddmanskons | x/e3nd JLTh&hskimirm.yDnccwﬁ)rwaécpapacatiba dar e may

conpri se paper hgneyc .5 The visual display apparatus m rise a
frane surroundFﬁchiégggdPét Scribpdsiin HRT SERTRSRGIRE 'Z r¥£°nal

application No. {our case P.5711) of even date herewith,
to launch bending waves into the panel to cause the panel
5 to resonate to radiate an acoﬁstic output.

The transducer (9) is driven by a signal amplifier
(10), e.g. an audio amplifier, connected to the transducer
by conductors (28). Amplifier loading and power
requirements can be entirely normal, similar to

10 conventional cone type speakers, sensitivity being of the
order of 86 - 8BdB/watt under room loaded conditions.
Amplifier load impedance is largely resistive at 6 ohms,
power handling 20~80 watts. Where the pénel core and/or
skins are of metal, they may be made to act as a heat sink

15 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 panel (2) are

20 connected together by respective adhesive-~-bonded joints
(20). BSuitable materials for the frame include lightweight
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

25 plastics. Suitable adhesives for the joints (20) include

‘ epoxy, acrylic and cyano—acrylate etc. adhesives.

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

panel (2) is a rigid lightweight panel having a core (22)
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enployed to nount the radiator in the frane. The frane may have a return

lip concealing the suspension. The transducer may conprise a piezo
el ectric bender. 10 BRI EF DESCRI PTI ON OF DRAW NGS The
invention is diagrammatically illustrated, by way of exanple, in the
acconpanyi ng - skeeawoagss, i n whi ch: - 4 Figure 1 is a di agr anrcixgscngics

di stribut ed- node | oudspeaker as described and claimed in our co-pending
I nternational publication No. W97/09842; digure 2a is a partial section on
the line A-A of 5 Figure 1; Figure 2b is an enlarged cross-section through
a distributed ende refli at origifd t béaktids sifoam | (9 A gere. 2amys shonked) t wo
alternatlve CO%%&;&&%;fggioride 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,

5 and enclosed by opposed skins (21) e.g. of paper, card,
plastics or metal foil or sheet. Where the skins are of
plastics, they may be reinforced with fibres e.g. of
carbon, glass, Kevlar (RTM) or the like in a manner known
ber se to increase their modulus. |

10 Envisaged skin layer materials and reinforceménts 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 plastics films of high modulus, such as Mylar

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

20 shells of smaller size, say up to around 30cm diameter.
This material self forms an orientated crystal structure in
the direction of injection, a preferred orientation for the
good propagation of treble energy from the driving point to
the panel perimeter.

25 Additional such moulding for this and other
thermoplastics allows for the mould toeling to carry

location and registration features such as grooves or rings

for the accurate location of transducer parts e.g. the



Figure 3 is a perspective diagramof a first 10 enbodi nent of

noti ceboard according to the present invention;, Figure 4 is a
perspective view of a second enbodi ment of noticeboard according to the
present invention; Figure 5 is a partial cross-sectional view of the 15

not i ceboard swom7/0084#8Fi gures 3 and 4, and Figure 6 il ustr atrex/GB6/02165 M. Of
transducer. BEST MODES FOR CARRYI NG OUT THE | NVENTI ON Referring to Figure 1
of the drawi ngs, there is shown a panel -ferm | oudspeaker (81) of the kind
described and claimed in our co-pending International publication No.

W97/ 09842 of meter devdl heandi thecwmapreti myspenstonngulddditibnabewith
carrying a resilient suspension round its inner_ periphery which

supports a di s¥PM®HRKSH FOTEO gééﬂiﬁtFﬁgiﬁaﬁ%4°?¥5tGQAﬂﬂﬂéhéGUG@P1F9) e.g
oot e e Gatble” B0 SRR R ST R ety 7.
. in an area or annulus up to 150% of the transducer
5 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
10 honeycombs or corrugations of aluminium alloy sheet or
foil, or Revlar (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
15 materials effectively exhibitnusablg 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 ’‘Rohacell’ which may be suitable as a radiator panel
20 and which is without skins. 1In 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 transitions

between them.
25 Several of the preferred formulations for the panel
employ metal and metal alloy skins, or alternatively a
carbon fibre reinforcement. Both of these, and also

designs with an alloy Aerogel or metal honeycomb core, will



10 date herewith, is nounted wholly and exclusively on or in the panel (2)
at a predeterm ned | ocation defined by 5 dimensions x and y, the
position of which location is cal culated as described in our co-pending
I nternational publication No. W97/09842 of even date ‘herewith, to |aunch
bendi ng waveswoszaogspe panel to cause the panel to resonate@r/d@mﬁdg ate
an acoustic output. The transducer (9) is driven by a signal anplifier :
(10), e.g. an audio anplifier, connected tgp the transducer by conductors
(28). Amplifier Jloading and power requirenments can be entirely
nor mal , si m have substdnicialy eadionttequnayt ¥peespiak groperensist Wil
being of the order of 86 - 88dB/watt under room | oaded conditions.
Amplifier |oadSPABddand®® i sIFRPEEARE [ edpst iSAVenals BN, applications.

Conventional panel or cone type speakers have no inherent
EMC screening capability.

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

10 Where it is important to maintain the screening in an
application, electrical connection can be made to the
conductive parts of an appropriate DML panel or an
electrically conductive foam or similar interface may be
used for the edge mounting.

15 The suspension (3) may damp the edges of the panel (2)
to prevent excessive edge movement of the panel.
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

20 resonance equally over the panel. The patcheé may be of
bitumen-based material, aé commonly used in conventional
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

25 desired, the damping may be increased in the construction
of the panels by employing resiliently setting, rather than
rigid setting adhesives.

Effective said selective damping includes specific



power handling 20-80 watts. Were the panel core and/or skins are of
netal, they nay be made to act as a heat sink 15 for the transducer to
renove heat fromthe notor coil of the transducer and thus inprove power
handl i ng. Figures 2a and 2b are partial typical cross-sections through the
| oudspeaker (8#Q9mdssdsi gure 1. Figure 2a shows that the franmep¢dgnoshuresound
(3) and panel (2) are 20 connected together by respective adhesive-bonded
joints (20). Suitable materials for the frgnme include |ightweight fram ng,
e.g. picture fram ng of extruded netal e.g. alumniumalloy or plastics.

Sui tabl e surr ousppTESatiiicl Std NEdeldfanels| 1 UbaIWGt QhisalsheviC hataria@npeubber
and foam 25 plastics. Suitable adhesives for the joints (20) include

epoxy, acrylic neahspermaaenglyt 8ssociatathddierewithi gUB@g@d ddd eornekes, to

an enlarged scale, that the panel (2) is a rigid |ightweight panel having a

core (22) can be particularly significant for dominant and less
. dispersed low frequency vibration modes of panels hereof.

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

10 useful damping, particularly in terms of more subtle
effects and/or mid- and higher frequencies can be by way of
suitable mass or masses affixed to the sheet material at
predetermined effective medial localised positions of said
area.

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

20 frequency distribution, reduced reflective and standing
wave effects and with the advantage of superior
reproduction of the natural space and ambience in the
reproduced sound recordings.

While the radiation from the acoustic panel is largely

25 non-directional, the percentage of phase related
information increases off axis. For improved focus for the
phantom stereo image, placement of the speakers, like

pictures, at the usual standing person height, confers the
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matrix (98) i.e. a honeyconb matrix of metal foil, plastics or the

PCT/ GB96/ 02165 6 e. g.
arigid plastics foam (97) e.g. cross |inked polyvinylchloride or a

like, with the cells extending transversely to the plane of the panel,
and encl osed mwooxpeged skins (21) e.g. of paper, card, plaspcweswo2st al
foil or sheet.
with fibres e.g. of carbon, glass, Kevlar,.4RTM or the like in a manner

known per se to increase their nodulus. 10

Where the skins are of plastics, they may be reinforced

Envi saged skin | ayer

materi al s and bensfdtc efeat mcbuate not frekexionrflatengnas forKenbanotid My
Nomex (RTM i.

paper, bonded Fes&ed hisherer ophimising, the dtenccoaieghi hdiikewpsasthes

e. aramd etc. fibres in various |lays and weaves, as well

5
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films of high nodulus, such_as Mylar 15 %RTN@, Kapt an %Fﬂ“@, pol ycar bonat e,
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15

20

25

égp@pgg}ar left/right geo h respect to the listener
provides a further angular component. Good stereo is thus
obtainable.

There is a further advantage for a group of listeners
compared with conventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel sound
radiation gives it a sound volume which does not obey the
inverse square law for distance for an equivalent point
source. Because the intensity fall-off with distance is
much less than predicted by inverse - square law then
consequently for off-centre and poorly placed listeners the
intensity field for the panel speaker promotes a superior
stereo effect compared to conventional speakers. This is
because the off-centre placed listener does not suffer the
doubled problem due to proximity to the nearer speaker;
firstly the excessive increase in loudness from the nearer
speaker, and then the corresponding decrease in loudness
from the further loudspeaker.

There is also the advantage of a flat, lightweight
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.

The acoustic panel technology oi Figures 1 and 2 can
be applied to the design of normal board material commonly
used for notices and display advertising, .the normal

processing of these boards e.g. lamination, screen printing

r



rel ated plastics, and fibre reinforced plastics, etc. and netal sheet or
foil. Investigation of the Vectra grade of liquid crystal polyner

t her nopl astics shows that they may be useful for the injection noul ding of
ultra thin skins or 20 shells of smaller size, say up to around 30cm

di aneter. Thiwoownbmus al self forns an orientated crystal stporaGBI&O2IssS t he
direction of injection, a preferred orientation for the good propagation of
treble energy fromthe driving point to tyy panel perinmeter. 25

Addi t i onal such noulding for this and ot her thernopl astics all ows
for the noul d bpokpray tmainstrimyg,l bedhgounhimdemgi.strati on features such as
grooves or rings for the accurate | ocation of transducer parts e.g. the
WD 97/ 09848 The board itself may thus be .spegifigRbo/dhmegssipned

i and electrodynamically driven to operate as a wide coverage
acoustic radiating panel a flat loudspeaker. As such, a

5 moderate audience of up to 10 persons for a small 0.56m
square metre panel or 30~50 persons for a 0.7 to 1.2 square
metre size may be served at natural volume levels with
highly articulate reproduction. of speech and also
background music or relevant sound effects, as required.

10 Due to the naturally dispersed acoustic radiation
properties of the panel, the distorting effects of local
boundary reflections are minimised. A substantial physical
obstruction of a proportion of the acoustic panel does not
significantly impair the sound distribution.

15 Lower sound levels and lower levels of electrical
input power are required for a given level of
articulation/intelligibility.

In a preferred form the acoustic panel would comprise
low cost structure of paper honeycomb or foam core 3 to émm

20 thick bonded to reinforcing paper, plastic film or plastic
‘film coated paper skins of 0.08 to 0.3mm thickness. The
preferred drive for an inexpensive design using a flat
surface or even embedded transducer, is piezo electric,
operated in bending or mass loaded, vibration coupled

25 forms.

These transducers have a naturally rising acoustic
output with frequency which is predictably and optimally

adjusted to a flat response by a combination of series



notor coil, and the nagnet suspension. Addi tional with some weaker core
materials it is calculated that it would be advantageous to increase the
skin thickness locally e.g. in an area or annulus up to 150% of the
transducer 5 dianmeter, to reinforce that area and beneficially couple

vi brati on enemyy9ines4s t he panel. Hi gh frequency response w | PCHeBISIRISVEd
wth the softer foammaterials by this neans. Envisaged core |ayer
materials include fabricated 10 honeyconbgzor corrugations of al um nium

al l oy sheet or foil, or Kevlar (RTM, Nomex (RTM, plain or bonded papers,
and various symesdsitévpl dsivestd jthes capacishhcaslexpafidheotrhvaduder,

| astics or pul p_materials, even aerogel netals if of suitably |ow density.
gone sui tabl e éﬁ?%ah§9egyf§as§m&QQq¥¥$3qgfF@Etpﬁé¥? ehamant (Foxppegiven
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performance celdidadentg)e dMd €53l Lhe KWL UUEET shBEi {806 ion of the
5 mechanical properties of the board. By control of the
fibrous 1loss factor in the skins, the visco elastic
properties of the adhesive bonding the skin to core, and
the piezo element to the skin by applied surface laminates,
including the backing for the displayed image or text, and
10 the bulk properties of the core in shear and compression,
the desired frequency response may be achieved.

Where higher sound 1levels and larger panels are
concerned, alloy or part alloy skins will provide good
energy coverage over the panel, with a proportionally lower

15 1loss factor which appropriately matcﬁed to a higher power
moving coil type of transducer. The latter has a flat
region of frequency response. Where a flat, uninterrupted
surface is required on both sides of the panel, the
transducer may be of the embedded type concealed within.

20 If magnetic screening is required for the latter, thin
O.5mm mild steel foils may be included under the skin
surface over the transducer area. A small gain in
efficiency will also result due to improved flux linkage.

Small, low cost example of the notice board will not

25. require specific framing or specified damping. If of the
desk or counter top form, sufficient damping is provided by
the simple contact of the lower edge of the acoustic panél

with the surface it is placed on. The device would have a



name ' Rohacell' which may be suitable as a radiator panel 20 and which is

w thout skins. In practical terns, the aimis for an overall |ightness and
stiffness suited to a particular purpose, specifically including optimsing
contributions fromcore and skin layers and transitions between them 25
Several of thwowessmgred fornul ations for the panel enpl oy PeEREBIGIISEL al

alloy skins, or alternatively a carbon fibre reinforcenent. Bot h of
these, and also designs with an alloy Aeg®gel -or netal honeyconb core,
will WD 97/ 09848 PCT/ GB96/ 02165 8

have subst ant i gphotadi frdnequypey efr cbackg yesiper effectliiveh svemi| Wwhene
inmportant in several EMC applications. Conventional panel or cone type
speakers have fabrieatedtin light card. :

»

Certain classes of stiff foamed plastic, e.g.
unplasticised PVC, have appropriate bulk properties either
5 self skinning or unskinned, to operate within the acoustic
panel theory range. These can be used directly as acoustic
panels of this type without additional stiffening skins.
Figures 3 to 5 illustrate a noticeboard, advertising
display board or the 1like (48) incorporating the
10 loudspeaker technology of Figures 1 and 2. Thus a
loudspeaker (81) incorporating a rigid 1lightweight
distributed mode acoustic radiator panel (2) of the kind
shown in Figures 1 and 2 has graphic information, e.g. text
and/or pictures of any desired kind printed on the panel
15 (2). The graphic information can then be supplemented by
an audio message yvia the 1loudspeaker to reinforce the
message.
As shown in Figure 3 the loudspeaker/dispiay board
{(48) is mounted on a stand (23) in the form of an easel.
20 Alternatively the loudspeaker/display board may Dbe
suspended on wire (33) as shown in Figure 4. Alternatively
the noticeboard may be supported in any other desired
manner.
As shown in Figure 5 the frame (1) may incorporate a
25 return lip (41) to conceal the resilient suspension (3)
¢ which is attached between the rear face thereof and the
peripheral margin of the panel (2).

Figure 6 shows a transducer (9) for a distributed mode



EMC screening capability. 5 In addition the preferred formof piezo
and electro dynam c transducers have negligible el ectromagneti c

radi ati on or stray magnet fields. Conventional speakers have a | arge
magnetic field, up to 1 nmetre distant unless specific conpensation counter
measur es ar e wakreps4slo VWhere it is inportant to mai nt BCTIGBY#2165
screening in an application, electrical connection can be nade to the
conductive parts of an appropriate DM. papel or an electrically conductive
foamor simlar interface my be used for the edge nounting. 15 The
suspensi on (3)pangl d4dRp time thiyeforh ofic aparystalling @ﬁ@véﬁke @&9@9& ve
edge novenent, of the panel Addi tiqgnally or alternat velg/ furth
danpi ng may bePeRRRT ot 7 ) mpunted, on: 18- disg,{4d8) ¢ o®t%e ?J'é RS sy é"é’lié’

positions to d ex sive vene a I I
over the panel f%‘f%it%%e% l?gt ﬁ”%%ﬁﬁ%@ l?g;'sed %atb T |a31 r}’Cagills,e%g'g%rmnI y
used in convenfiofalagy. In operation an acoustic signal applied to the
5 transducer (9) wia leads (28) will cause the piezo disc
(27) to bend and thus locally resiliently deform the panel
(2) to launch bending waves into the panel.

-

'



| oudspeaker encl osures or may ‘be of a resjlient or rigid polyneric sheet
mat eri al . Sonme materi allmu“mnmluum and card, and some cores may be
sel f - danpi ng. Where 25 ing may be increased in the

construction of the panels* by onlng resiliently setting, rather than
ri gid setti ngvadtrassis/es. Effectlve sai d sel ective danpi ng i rchrasem2sgsecific
WD 97/ 09848 PCT/ GB96/ 02165 9 :

application to the panel including its shaet material of neans pernanently
associ ated therewith. Edges and corners can be particularly significant for
dom nant and | ess dispersed Iom1freququggg$pration nmodes of panels hereof.
5 Edge-w se fixing of danping neans can usefully lead to a panel with its
sai d sheet nmat¥ri alVifsvaly disphay, appaxgtus comprising a notice or the

like board, characterised in that the notice or the like
® board is a distributed mode acoustic radiator having a
5 transducer mounted wholly and exclusively thereon to
vibrate the radiator to cause it to resonate.
2. Visual display apparatus according to claim 1,
characterised in that the radiator comprises a stiff
lightweight panel having a cellular core sandwiched between
10 skin layers.
3. Visual display apparatus according to claiﬁ 2,
characterised by a frame surrounding the panel.
4. Visual display apparatus according to claim 3,
characterised by a resilient suspension mounting the panel
15 in the frame.
5. Visual display apparatus according to claim 4,
characterised in that the frame has a return lip concealing
the suspension.
6. Visual display apparatus according to any one of
20 claims 2 to 5, characterised in that the skins comprise
paper.
7. Visual display apparatus according to any one of
claims 2 to 6, characterised in that the core is of paper
honeycomb.
25 8. Visual display apparatus according to any preceding
claim, characterised in that the transducer is a piezo

electric bender.
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their corners can often be relatively free, say for desired extension to
| oner frequency operation. Attachnent can be by adhesive or self-adhesive
mat eri al s. Q her forns of 10 useful danping, particularly in terns of
nore subtle effects and/or m d- and hi gher frequencies can be by way of
sui t abl e maswoannemsses affixed to the sheet material at pPEREBRSIRINCJ -

effective nedial |ocalised positions of said area. 15 An acoustic
panel as described above is bi- directional. The sound energy from
front.

the back is not strongly phase relatez(/to that from the
|| sunmation of acoustic power in

Consequently there is the benefit of ov
the room sound energy of uniform 20 frequency distribution,

r educed

reflective and standing wave effects and wth the advantage of
superior reproduction of the natural space and anbience in the reproduced

sound recordings. Wile the radiation fromthe acoustic panel is largely
] 81
" y 2
T
/
x
Ay || __#A
3
28
0
)

Fig.1
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25 non-directional, t he per cent age of phase related information
increases of f axis. For inproved focus for the phantom stereo i mge,

pl acenent of the speakers, |ike pictures, at the usual standing person

hei ght, confers the WD 97/ 09848

PCT/ GB96/ 0219/ obmofagnef it of a noderate off-axis placenent ForrGEIN@16Hr nal | y
seated |listener optimsing the stereo effect. Likew se the triangular

| eft/right geonmetry with respect to the listener provides a further angul ar
conponent. Good stereo is thus 5 obtai n?al . There is a further advantage
for a group of listeners conpared with ﬁenti onal speaker reproduction.
The intrinsically dispersed nature of acoustic panel sound radiation gives
it a sound vol unme whi ch does not obey the '

P

N J

21
Fig.Za
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10 inverse square |law for distance for an equival ent point source.

Because the intensity fall-off with distance is nuch |ess than predicted
by inverse square law then consequently for off-centre and poorly

pl aced Ilsteners the intensity field for the panel speaker pronbtes a
superi or ‘W%’Rﬁfect conpared to conventional speaker SPCT/EPR6/2L65 -
because the 0 e placed listener does not suffer the doubl ed problem
due to proximty to the nearer speaker; firstly the excessive increase in

| oudness fromthe nearer speaker, and then,the correspondi ng decrease in

| oudness 20 fromthe further Ioudspeakergyﬁhere is also the advantage of a
flat, lightweight panel-form speaker, visually attractive, of good sound
quallty and requiriag only one transducer and ne crossover for a full range
sound from each pa q-\\“\‘“ The acoustic panel technol ogy of
Figures 1 and 2 ca esign of nornmal board materi al
commonly used for dvertising, the nornal

. L8
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processing of these boards e.g. |lam nation, screen printing WO 97/ 09848
PCT/ GB96/ 02165 11 or spray painting, being unhindered. The board itself may
t hus be specified, dinmensioned and el ectrodynam cally driven to operate as
a W de coverage acoustic radiating panel a flat |oudspeaker. As such, a 5
noder at e audiGleSedahs UP t0 10 persons for a small 0.56m squURCEGRRII2865panel
or 30-50 persons for a 0.7 to 1.2 square netre size nay be served at
natural volume levels with highly articulate reproduction of speech
and al so background nusic or relevant squpd effects, as required. 10 Due
to the naturally dispersed acoustic iation properties of the panel,
the distorting effects of |ocal boundary reflections are mnimsed. A
substantial physical .

[ ]
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_obst _r'upt'i on of a propo’on of the ,acoustic panel does‘t significantly

i mpai-r the sound distribution. 15 °~ = Lower sound |levels and |lower |evels
of electrical input power are required for a- given level of
articulation/intelligibility. In a preferéed formthe acoustic panel woul d
conprise | ow cost structure of paper honeyconb or foamcore 3 to 6mm 20

thick bonded to r andf arcielepopermechasicalf Acaver melaast iaounlied coat ele
paper skins of 0.08 to 0.3mmthickness. The preferred drive for an

i nexpensi ve gesednwhsihgsarivest toupkgéseop @vghieﬁﬁéééeﬁe§?%ﬁéﬁﬁc%¥,t?%
piezo electric, operated in bending or nass |oaded, vibr.ation coupled 25

;orms. Theaﬁ}‘@ﬁaﬁé‘;éﬁc@la@eﬁa\ﬁé‘ FAEW R | §° r3%| HP Aot c"’&RHhﬁ’lﬁﬂﬂ a
requenc ' |

freduency M g fapaucney Bana CFo: "Bhe Y180k 45E80.L0 @ flat response by

5 : 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 transducers
mounted on the chaséis.

DISCLOSURE OF INVENTION

10 Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our co-
pending PCT publication No. W097/09842 of even date
herewith. Such members thus have capability to sustain and

15 prbpagate input vibrational energy by bending waves in
operative area(s).extending transvérsely of thickness often
but not necessarily to edges of the member(s); are
configured with or without anisotropy of bending stiffness

oy to have resonant mode vibration components distributed over

o 20 said area(s) beneficially for acoustic coupling with
ambient air; and have predetermined preferehtial locations
or sites within said area for transducer rmeans,
particularly operationally active or moving part(s) thereof
effective 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 Ingernational publication No.

W097/09842 of even date herewith for such members as or in

AMENDED SHEET



WO 97/09848° @ - pcr/ @6/ 02165 12
resistive drive to the capacitance | oad of the transducer, and al so by nmass
| oadi ng of the piezo element (for a given mass the acceleration is

i nversely proportional to frequency) and vida the detail ed specification of
the 5 nmechanical properties of the board. By control of the fibrous

|l oss factor 'ipassitwe" sk¢esstighdevices wiltdsnitc trapedutces weange such
adhesi ve bonding the skin to core, and the piezo elenent to the skin b

appl i ed surfa@® | BRENELESTPRER EHPAg Ahe fIRdCkRAGUEELCL h%lHFQEILa?eoP?FrTéé’éT or
text, and 10 the bul k Erogerties of the core in shear and conpressi.on, .the

desired frequ@&tQP% e 15 D hi By etPa9RerdF hitQdt s8ifid Pevets afd

Larger panel s S SAERSe Bt PRSI S Wil P 00

whi ch appr%Pr%?E%%%rﬁ%&ﬁgﬁ%i%% %a%@%p%% RWe'ces 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
be converted into other signals.

This invention is particularly concerned with visual

{; 10 display apparatus incorporating acoustics devices e.g. 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 application and/or otherwise as

15 specifically provided herein.

The invention is visual display apparatus comprising
a notice or the like board to which notices or the like can
be fixed e.g. with pins, characterised in that the notice

o or the like board is a member having capability to sustain
’ 20 and propagate input vibrational energy by bending waves in
at least one operativé area exténding transversély of

thickness to have resonant mode vibration components
distributed over said at 1least one area and have
predetermined preferential locations or sites within said

25 area for transducer means and having a transducer mounted

wholly and exclusively on said member at one of said

locations or sites t&rvibrate the member to cause it to

resonate forming an acoustic radiator which provides an

AMENDED SHEET



movi ng .coi I "t ype of tra.ducer. The latter has a flat.egi on of frequency
response. \Were a flat, uninterrupted surface is required on both sides of
t'he panel, the transducer may be of the enbedded type conceal ed within. 20
| f magnetic screening is required for the latter, thin 0.5mMm m | d steel ’
foils may be included under the skin surf3te over the transducer area.

A | ff |1 _al d f

nnigge fﬁgHéows A oo ragah %ﬁﬁcé R T
specific fr

ngfl ci ent g&ﬁg’qﬁ% i spcg?c%w aaggg%,ﬁg sl?leer“%e con %gfkg?éf%gurz)@e%te g{égz);ﬂ

h f
; e a&%ugg'/ 85%?]8% omPiri 3 ot BEpeW.f 26fel Loks RAGCESORisd "g c‘?%'s KSndp el%:gbggve

5 The visual display apparatus may comprise a frame
sgrrounding the radiator. A resilient suspension may be
employed to mount the radiator in the frame. The frame may
have a return 1lip concealing the suspension. The
transducer may comprise a piezo electric bender.

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

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

AMEI\D._D SHEET



photo frame* type of .ack rest, effective even \.n fabricated in
light card. Certain classes of stiff foamed plastic,. e.g.

anpl asti ci sed PVC, have appropriate bul k properties either 5 self skinning
or unskinned, to operate within the acoustd c panel theory range. These can
be used directly as acoustic panels of this type w thout additional
stiffening skins. Figures B ti¢ 5ai |disgrame showinreeloadd stgdhariedtmeae
display board or the |I|ike (48) incorporating the 10 | oudspeaker
technol ogy ofoFdgpeaker] aaqwddeﬁprib?ﬁusang | eddtRchkéPr  PBY) c°'IPen ing
incorporating a rigid |ightweight distributed node acoustic radiator
panel (2) ofdﬁhﬁekﬂﬁ iapdhnPHRLECELER Noan#OP 1LY 8AZiphi c i nformati on
e.g. text and/or pictures of any desired kind printed on.the panel 15 2) .
The graphi c i nf or Bt 9%Re c 4@ th%’nabé’asﬁ'b‘p‘?trréﬁf%&"ﬁy P LGS ol%é%séﬁé v?éa )
the | qudspeaker to reinforce the nessage. As shown in Figure 3 the

| oudspeake? / df SPFES gbard

Figure 2b is an enlarged cross-section through a
distributed mode rédiator of the kind shown in Figure 2a
and showing two alternative constructions;

Figure 3 is a perspective diagram of a first

10 embodiment of noticeboard according to the present
invention;

Figure 4 is a perspective view of a second embodiment
of noticeboard éccording to the present invention;

Figure 5 is a partial cross-sectional view of the

15 noticeboard shown in Figures 3 and 4, and
Figure 6 illustrates one form of transducer.

BEST MODES FOR CARRYING OUT THE INVENTION

Referring to Figure 1 of the drawings, there is shown
=y a panel-form loudspeaker (81) of the kind described and
8 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 International
publication Nos. W097/09859, WO97/09861, W097/09858 of even

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

the panel (2) at a predetermined location defined by

AVENDED SHEET



(48) is nount’ed on a st‘d (23) in the formof an easel.__ZO Al ternatively
the |oudspeaker/display board .may be suspended on wire (33) as shown in
F|gyre 4. Alternatively the noticeboard may be supported-in any other
desired manner. As shown in Figure 5 the ftame (1) may incorporate a 25

etun | P (A atR,0008e LAR 6 IS, SupRenR! o (bt oobasabhecled
e 0, ShovBaRchRNaN oS! hRLpkabed, U bRl aL R RAOR,)
Pencer (2r) TRBKSFafRog b ybiaPhaptaths dobt e Wl PO b
bending waves into the panel to cause the panel to resonate
5 to radiate an acoustic output.
The transducer (9) is driven by a signal amplifier
(10), e.g. an audio amplifier, connected to the transducer
by conductors (28). Amplifier loading and power
requirements can  be entirely normal, similar to
10 conventional cone type speakérs, sensitivity being of the
order of 86 - 88dB/watt under room loaded conditionms.
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
15 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 panel (2) are
- 20 connected together by respective adhesive-bonded joints
(20). Suitable materials for thefframe include lightweight
' 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
25 plastics. Suitable adhesives for the joints (20) include
epoxy, acrylic and cyano-acrylate etc. adhesives.
Figure 2b illugtrates, to an-enlarged scale, that the
panel (2) is a rigid lightweight panel having a core (22)
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bdﬁa'"Z'"Z'O)"T“'I'--n-~ o—per-_ati_b n acoustic signal applied to t. 5 transducer (

Vi ” wll cau the piezo disc (27) to bend and thus locally
reqi m g'” Ilﬂﬂ{" he panel (2) to launch bending waves into the panel.

L | ¥di spl ay apparatus conpnissi ng a -notice or the |ike board
(48) to which notices or the Iike can be fixed e.g. with pins,
characterised in that the notice or theChAIMSke board (48) is a a nmenber
(2) having capability to sustain and propagate input vibrational enerq¥
bendi ng waveslin aViswvadt &ireplgier apPasatn8aCORPEAGing t& pelEe8ePy dihe
thi ckness to have resonant node vibration conponents distributed over said
“at |east one iike Hearfavd8lo t odeleh MelCYF cPBr ERE| ALKPOERR Bfs Tdxed
within said area for transducer nmeans and havj ng a transducer

CLAI"VG ¢1.

5

10

15

20

25

e.g. with pins, characterised in "that the notiég)or the
like board (48) is a a member (2) having capability to
sustain and propagate input vibrational energy by bending
waves in 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)
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. Visual display apparatus acco;ding to claim 1,
characterised in that the radiator (2) has a cellulaf core
(22) sandwiched between skin layers (21).

3. Visual display apparatus according to claim 2,
characterised by a frame (1) surfounding the radiator.

4. Visual display appératus according to claim 3,
characterised by a resilient suspension (3) mounting the
radiator in the frame.

5. Visual display apparatus according to claim 4,
characterised in that the frame (1) has a return lip (4)
concealing the suspension (3).

6. Visual ‘aisplay apparatus according to any one of

claims 2 to 5, characterised in that the skins (21)

R R L -1y
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I exc‘i vely on said nenber at one o‘ai d |l ocations or
giﬂg ﬂ, ﬂ I be menber to cause it to resonate formng an acoustic
r L ovi des an 15 acoustic output when resonating. 2, Vi sua

di splay apparatus according to claim 1% characterised in that the
radi ator (2) has a cellular core (22) sandw ched between skin | ayers (21).
3. Vi sual dbpmprage appe&ratus according to. claim 2, 20 characterised

by a frane (1% surrounding_the_ radiator. 4. Vi sual, display apparatus
according to7-claVasusl cRAFRER¥iARRPIALYS r @GO0EHPSusPendprdn 9§ ©f

mounting the radiator in the franme. 5., i sual i spl ay__apparat us

Rocording totletBRnR 40 A charactertsed Th HRAL GRS 19RRE (2P)nds P

return lip (4é conceal in tEe suspension (3). 6. Vi sual display apparatus

according to ﬁ995n§°8FYgP§'ns 2 to 5, characterised in that the skins (21)
8

5 . Visual display apparatus according to any preceding
claim, characterised in that the transducer (9) is a piezo

electric bender.



U9 -

16 corﬁﬁri.sé paper. 7. Vi sual displ ay apparatg%? according to any one

of clains 2 to 6,
honeyconb. 5 8.

characterised in that the cor . .
Vi sual display apparatus according to any preceding

@2} is of paper

claim characterised in that the transducer (9) is a piezo el egmc bender.
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