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| (57) Abstract

A visual display
unit  (137) comprising
a display screen (37)
and a housing: (101) in
which the display screen
is mounted, characterised
in that the housing
carries a toudspeaker (81)
comprising a distributed
mode acoustic radiator
and transducer means
(9) mounted wholly and
exclusively on the radiator
to vibrate the radiator to
cause it to resonate.
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15 TECHNI CAL FI ELD The invention relates to

vi sual display apparatus and nore particularly to visual display:-neans
(hereinafter vi sual display units) incorporating |oudspeakers.
BACKGROUND ART w@Q7m08s2 |t is known from GB-A-2262861 to suggpst/ceszisi
panel -form | oudspeaker conprising:-. a resonant nulti-node
radi ator el enent being a unitary sandw ch panel fornmed of two skins of
material with a spaci ng core of transverse cellular construction,
wherein 25 .the panel is such as to have ratio of bending stiffness

(B), in all orientations, to the cube power of panel nass per unit
surface area ([err]) of at least 10; a nounting neans which

supports the panel or attaches

5 VISUAL DISPLAY MEANS INCORPORATING LOUDSPEAKERS
10 DESCRIPTION
15 TECHNICAL FIELD

The invention relates to visual display apparatus and
more particularly to visual display means (hereinafter
visual display units) incorporating loudspeakers.

BACKGRQUND ART
20 It is known from GB-A-2262861 to suggest a panel-form
loudspeaker comprising:-~-
| a resonant multi-mode radiator element being a ﬁnitary
— 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 {(g) of at least 10;

a mounting means which supports the panel or attaches



2 to it a supporting body, in a free undanped mannef; ET HAQA n
el ectronechani cal drive neans coupled to the panel \\/r.1riH(|:§1 SHEE_V HAbt %Ethﬁ
excite a multi-nodal resonance in the radi ator panel_ln.r tao a

el ectrical inpu ithin a 5 working frequency band for the | '%%
DI SCLOSURE OF IW&% Enbodi ments of the present i%@gntig’gﬁélse

menber s of nature, structure and cdﬁfigurgtion achi evabl e general |y
and/ or specifically by inplenenting teachings 6f our co- 10 pending PCT

publ i cation . No. .\@097¥@%8%%EP%E§%§¥%d§j,gtﬁ a £rdiPittaliieSHCnopIDEr S

t hus have capability t'o sust ropagate | nput vi brational energy
by bendi ng waves in andPendtdleetabenéshatxt &N Rvd e rcafipled to the
t hi ckness often but not necessarily to edges of the nenber(s); are 15
configured with or pendlowhighi servemtcokxpdhdi agnstti-meded resonapcealme the

resonant node vibration conponents distributed over .said area(s) ..
beneficially for acaditator®apeinynvwegponse to an electrical input within a

5 working frequency band for the loudspeaker.
| ISCL RE_QOF ION
Embodiments of the present invention use members of
nature, structure and configuration achievable genefally
and/or specifically by implementing teachings of our co-
10 pending PCT application no. (Our case P.5711) of even date
herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative area(s) extending transversely of thickness often
but not necessarily to edges of the member(s}); are
15 configured with or without anisotropy of bending stiffness
to have resonant mode vibration components distributed over
said area(s) beneficially for acoustic coupling with
ambient air; and have predetermined preferential locations
or sites within said area.  for transducer means,
20 particularly operationally active or moving part(s) thereof
effective in relation to acoustic vibrational activity in
said area(s) and signals, usually electrical, corresponding
to acoustic content of sueh—vibrational activity. Uses are
envisaged in co-pending International application No. - (our
25 file P.5711) for suéh members as or in "passive" acoustic
devices without transducer means, such as for reverberation
or for acoustic filtering or for acoustically "voicing" a

space or room; and as or in “active" accustic devices with
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anbient air; and have predeterm ned preferential |ocatiaons gr..sites
W thin said area for transducer neans, 20 part{ THISaSHBETOHAS BEENral | y
active or noving part(s) thereof effective in rel ati oREpPpPAGEPUSti G

vi brational actiwhlyodss: sai d area(s) and signal s-—uste--y-sEEEhidRi
correspondi ng to acoustic content of such vibrational activity. Uses
are ~~ envisaged in co-pending Internatio | publication No. 25
W97/09842 for such nenbers as or in "passive" "acoustic devi ces wit hout
transducer means, Sgfdnsisydor ﬁ8¥§§ besa&hoas in f@:ﬁamw'&éélksﬁgegof
or for acoustlcally 'voi cing" a space or roony and as or in "ac
acoustic devices wsgdurces of sound dr diaispeakeanwheslGupdlied @ith input
remar kably wi de range of sources of sound or | oudspeakers when
supplitd with inputsignalsi gralke t gob¥erted eticedsad ssiogndounet; én isuchiclhs

as

microphones when exposed to sound to be converted into
5 other signals.

This invention is particularly concerned with active
acoustic devices e.g. in 'Eﬁe form of loudspeakers for
visual display means. Members as above are herein éalled
distributed mode radiators and are intended to be

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

The invention is a visual display unit comprising a
display screen and a housing in which the display screen is
mounted, characterised in that the housing carries a

15 loudspeaker comprising a distributed mode acoustic radiator
and transducer means mounted wholly and exclusively on the
radiator to vibrate the radiator to cause it to resonate.

The radiator may be integral with the housing, e.g. an
extgrnal wall thereof.

20 _ The radiator may comprise a stiff lightweight panel
having a cellular core sandwiched by skin layers, one of
which skin layers is integral with the housing. The said

—_ one skin layer may be thinner than the average wall
thickness of the housing. The external wall of the housing

25 may be formed with a groove which surrounds the radiator
and which defines a resilient suspension coupling the

loudspeaker to the housing.
BRIEF DESCRIPTION OF DRAWINGS
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m crophones when exposed to sound to be converted int TTH%Shf“z g@gﬁls.
This invention is particularly concerned with active ‘agg%iégégs Vi ¢es
e.g. in the formof |oudspeakers for vi sual di spllay..ne YWnbersja

s
above are herei qvég.h&EQ di stributed node radi ators and ar %c"rg'%f%iﬂglto

be 10 .characteri S in the above PCT application and/or erw se
as specifically provided herein. The4inVéntion Is a visual

di splay unit conprising a di spl ay screen, a housing in which the

di splay screen is ANt 8dedldon {OUtpAkRIatidallne NOVUSsPBated, by way
characterised in 15 that the | oudspeaker conprises a a stiff |ightweight
nenber - havi ng ofc apalmpliet, y int thesastempanyiayd dyawdpggat én whhpht -

vi brational energy by bending waves in at |east one operative area

extendi ng transversely @igumieckhess ta hiagram skegbrsine nddstridutad-oode
conponents distributed over said at 20 least one area and have
predet erm ned prefloudispegker as | geafrshed opndi tErifachi hnsHUF LFerPeniing

transducer neans ] )
5 International application No... (our case P.5711);

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

Figure 2b 1is an enlarged cross-section through a
distributed mode radiator of the kind‘shown in Figure 2a

10 and showing two altermative constructions;

Pigure 3 is a perspective diagram of an embodiment of
visual display unit incorporating a loudspeaker according
to the ﬁresent invention, and

FPigure 4 is a partial cross—-sectional view, through

15 +the loudspeaker shown in Figure 3.

BEST MODES FOR_CARRYING QUT THE TINVENTION

Referring to Figure 1 of the drawings, there is shown

a panel-form loudspeaker (81) of the kiﬁd 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 exclusively on or

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

dimensions x and y, the position of which location 4is
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on sai.d_nenber

and having a transducer nmounted wholly and excl usively.

at one of said locations or sites to vibrate t he] TRISLEHERTOHERWEENIt to
resonate formng an acoustic 25 radiator which provi des REPRAGR[PLI C

out put when resogg}dy The radi ator may be inte T 5%
The housi ng may ave an external wall wth which the radiator 1s
integral. The radiator may conprise a cellular gore -

3a sandwi ched by skin layers, one of which skin layers is

integral with the heysifgatedNasSaidk R eki inl dYer being ThELANLL ona1
than the average wall thickness of the housing. 5 Thé external wall of
the .housing may be hepIEfavidh Mo.  gruowsshipcB7su)ro8Neeh h@atadhsddFith,
and which defines a resilient suspension coupling the |oudspeaker to

t he N to launch bending waves into the panel to cause the panel

to resonate to radiate an acoustic output.

5 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, similé;' to
conventional cone type speakers, sensitivity being of the

10 order of 86 -~ B88dB/watt under room loaded conditions.
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

15 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
connected together by respective adhesive-bonded joints

20 (20). Suitable materials for the frame include lightweight
framing, e.g. picture £framing of extruded metal e.g.
alﬁminium alloy or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam
plastics. Suitable adhesives for the joints (20) include

25 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)

e.g. of a rigid plastics foam (97) e.g. cross linked

This Sheet Has Been Replaced
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housi ng. fﬂ | east one slot may be provided in the groove to increase

the conpliance of the suspension. 10 BRI EF DESCRI PTI ON OF
DRAW NGS _ The invention is diagrammatically illustrated,
by way of exagghgghln t he acconpanying drawi ngs, in “h'Ch@bncBmmnwl

Fi-gure 1 is a dWEB

owi ng a distri but ed-node | oudspeaker as

descri bed.and clainmed in our co-pending 5 International publication No.

W97/ 09842;
Figure 1;

di stributed node r

Figure 2a is a parti al seftion on the line A-A of

e LR S R

two alternative congifdiid®®atrix of metal foil, plastics or the like, with

10

15

20

25

the cells extending transversely to the plane of the pansl,
and enclosed by opposed skins (21) e.g. of paper, carg,
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 mannerjgnown
per se to increase their modulus.

Envisaged skin layer materials and reinforcements thus
include carbon, glass, ZKXevlar (RTM), Nomex (RTM) i.e.
aramid etc. fibres in varioﬁs lays and weaves, as well as
paper, bonded paper laminates, melamine, and various
synthetic plastics films of high modulus, such as Mylar
(RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or
related plastiés, and fibre reinforced plastics, etc. and
metal sheet or foil. Investigation of the Vectra grade of
liguid crystal polymer thermoplastics shows that'they may
be useful for the iﬁjection 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
the direction of injection, a preferred orientation for the
good propagation of treble'enérgy from the driving point to
the panel perimeter.

Additional such moulding for this and other
thermoplastics allows for +the mould tooling +to carry
location and registration features such as grooves or rings
for the accurate location of tfansducer parts e.g. the

motor coil, and the magnet suspension. Additional with



Figure 3 is a perspective diagramof an enbodi nent of vi sual displ ay
unit incorporating a | oudspeaker according to the present invention,
and Figure 4 is a partial cross-sectional view, through -15 the

| oudspeaker showwgbflgdgkgure 3. BEST MODES FOR CARRytMNeBSdbh1siHE
| NVENTI-ON Referring to Figure 1 of the draw ngs, there is shown

a panel -form | oudspeaker (81) of the kind descrj bed and cl ai med i our
co-pendi ng I nternational publication No. W97/ 09842 of even date

herewi th conpri si ngsémé ewéaket!| @dre atdriams (Y iArdalicud stedetddtentt wonld
suspension. (3) round its I nner periphery which supports a distributed
mode sound r adi b¢ i adyv aueiregjecd) toAl ncresskecere EXinethieknelesclodtelly re.g.
detail with reference to our co-pending International publ i cati on Nos.
W97/ 09859, W97/ 09881,anN)3ree08%8 Aids 8D dbe e 1id%ewpfh, the mxanssthcer

whol |y and exclusively on or in he panpel ,(2) at a _predetermn ned
| ocation defined b lg/meﬁ?ﬁ:mng? oﬁgi‘k%%‘agYFh?ﬁeaéﬁéi £R8n berefiicdr 1lyc Aqupte

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

Envisaged core layer materials include fabfgcated
honeycombs or corrugations of aluminium alloy sheet or

10 foil, or Kevlar (RTM), Nomex (RTM), plain or bonded papers,
and various synthetic plastics films, as well as expanded
or foamed plastics or pulp materials, even aerogel metals
if of éuitably low density. Some suitable core layer
materials effectively exhibit usable self-skinning in their

15 manufacture and/or otherwise have enough inherent stiffness
for use without lamination between skin layers. A high
rerformance cellular core material is known under the trade
name ’‘Rohacell’ which may be suitable as é radiator panel
and which is without skins. 1In practical terms, the aim is

20 for an overall lightness and stiffness suited to a
particular purpose, specifically including optimising
contributions from core and skin layers and transitions
between them. ) -

Several of the preferred formulations for the panel

25 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

have substantial radio frequency screening properties which



5 cal cul ated as described in our co-pending International
publication No. W97/09842 of even date herewith, to |aunch bendi ng
waves into the panel to cause the panel to resonate to radiate an

acousti c out put

The transducer (9) is driven by a Spgb@iposnzist

anplifier F?b?i%%gng. an audio anplifier, connected to the transducer
by conductors (28). Amplifier | oading agd power requirenments

can be entirely

normal , simlar to conventional cone type

speakers, sensitiVigntdigi Nop&f tiRBortfner dam of s8Gera B8dBUBAL taphiioda #1018 .

| oaded conditi ons.
haudivient id0al0panél sor coher eypdespealadrscdrasreandd ainherent

ohns, power

Anplifier |oad inpedance is largely resistive at 6

skins are of nmetal, they nay be nade to act as a heat sink

10

15

20

25

EMC screening capability.

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

Where it is importaht 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.

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 exdessive movenent to distribute
resounance equally over the panel. The patches may be of
bitumen—-based material, as commconly used in conventional
loudspeaker enclosures or may be of a resilient or rigid
polymeric sheet material. Some materiéls; notably paper
and card, and some cores may be self-damping. Where
desired, the damping may be increased in the construction
of the panels by employing resiliently setting, rather than
rigid setting adhesives.

‘Effective said selective damping includes specific

application to the panel including its sheet material of



for the transducer to renove heat fromthe nmotor coil of 15 the transducer

and thus i nprove power handling. Figures 2a and 2b are partia

typi cal cross-sections t hrough t he | oudspeaker (81) of Figure 1.

Fi gure 2a shows t the frame (1), surround (3) and )

are connect e 9mPogether by respective adhesi ve-bonded joiﬁF@EﬂﬁéungP
“{20). Suitable materials for the frane includeglightmeight fram ng,

e.g. picture fram ng of extruded netal e.g. al um nium al l oy or

pl astics. Suitable u Qrﬂﬁ%@ﬁi Sy i atagl ki en erj al uch
as foam rubber and gééng P p ast?%s.sssouclltaa Iettg% gg’;i\%s' f%?ggﬁe%dgic?\ Esm”"s
(20), include 25 epaxy béChplritecandroyans@Gilciln® et6r AUMTAMS: and less

Figure 2b illustrates, to an enlarged scale, that the panel (2) 1s a
rigid kightweight pdhspehsedniow foegué®R@y vibreetipn cliodes igf baeld iHsreof.
foam (97) e.g. cross |inked
Edge-wise fixing of damping means can vsefully lead to a
5 panel with its said sheet material fully framed, though
their corners can cften be relatively free, say for desired
extension to lower fféquency operation. Attachment can be
by adhesive or self-adhesive materials. Other forﬁs of
useful damping, particularly in terms of more subtle
10 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.
An acoustic panel as described above is bi-
15 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
frequency distribution, reduced reflective and standing
20 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
non—-directional, the percentage of phase related
25 information increases off axis. For improved focus for the
! rhantom stereo image, placement of the speakers, 1like

pictures, at the usual standing person height, confers the

benefit of a moderate off-axis placement for the normally
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6 pol yvinylchloride or a cellular matrix (98) i.e. a

honeyconb matrix of netal foil, plastics or the like, with _ t he
cells extending_transversely to the plane of the panel,

encl osed by opp8§EHm$¥?ns (21) e.g. of paper, card, 5 ﬁ?r |cs or
metal foil or sheet. \Where the skins are”of pl astics, they may
be reinforced with fibres e.g. of c%?bon gl ass, Kevlar (RTM or

the like in a manngr, KAWL stener optiREEiRg £ifb Is&%&%@sef&@&r Tkdwise the
Envi saged skin |layer materials ang rel nforcenents thus 10 1 nclude

carbon, glass, Keyiahgul{&FMeftMdgdt gébilddry iwikch respect to amidseéfier
fibres in various |ays and weaves, as well as paper, bonded paper
| am nates, nel am nproandesaalmxsther angularsgompenént pl @3adadc steirlews ief thugh
nodul us, such as Ml ar (RTM, Kaptan (RTM, polycarbonate,
phenolic, pol yestepbtainable.15 related plastics, and fibre reinforced

pl astics, etc. and
. 5 There is a further advantage for a group of listeners

compared with conventional speaker reproduction. The
intrinsically dispersed nature of acoustic panel 'Eound
radiation gives it a sound volume which does not obéy the
inverse square law for distance for an equivalent point

10 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 conventionél speakers. This is

15 Dbecause 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.

20 There is alsco 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.

Figure 3 illustrates a visual display unit (137) e.g.

25 a computer monitor or the like having a screen (37) formed
in any desired fashion e.g. as a cathode ray tube or as a
liquid crystal display. The unit (137) comprises a box-

1ike housing (101) having opposed sides (102) each of which



metal sheet or foil. Investigation of the Vectra grade jof~——=vwme Ll gul.g
crystal polymer thernopl astics shows that they may be |ud88 SHEESrHAS BEEN

i njection nmoulding of ultra thin skins or sheljl s of REPEAGEEr si zg,
say up to aroundyg)eihegi,amet er. 20 This material self Tor rpi:'ﬁﬁh%mm
orientated crystal structure in the direction of injection
preferred orientation for the good prqﬂggatlon of treble energy
fromthe driving point to t he panel perineter.

Additional such My ¢obfleal € idd¥rporatda m@ifLInode aé@ﬁstﬁ@eigﬁﬁgﬁéi'Ff)
allows for the mould tooling to carry | ocation and

regi.strati on featur gemtallgssghdbaestdrthaitngescribed abdvay Wit @e€UEahBe to
| ocation of transducer parts e.g. the notor coil, and the nagnet

suspensi on. Addi t iIFdgairesi fhand 2 to fer97loedfpeaker (81).
PCT/ GB96/ 02151 7

The housing (101) is moulded from plastics and the

5 opposed sides (102)'are moulded with generally rectangular

relatively thin rectangular areas, in comparison to the

general thickness of the housing, bounded by grooves (100)

to-define the radiators (2). These areas (2) are stiffened

on their inner faces with a lightweight core (22) which is

10 backed by an inner skin (21) to form a rigid lightweight

multi-mode radiator panel (2) of the kind described above

e.g. with reference to Pigures 1 and 2. The grooves

effectively define a resilient suspension (3) of the kind

shown in Figures 1 and 2 and the surrounding housing (101)

15 forms the frame (1). Slots (not shdwn) may be provided in

the grooves and which pierce through the housing to
increase the compliance of the suspension.

A transducer (9) e.g._of the kind described in detail

in our co-pending International patent application Nos.

20 (our files P5683/4/5) is attached to each panel (2) to

launch bending waves into the panels to cause  them to

resonate to produce an acoustic output.

g | This Sheet Has Been Replaced
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sone weaker core naterials it is calculated that it HlstH: -7 Ht@g BEEN :

d [ h [ 1 .
sovantagecus 1o norease (o MMM ce, b0 mepbbo e b o

and benefi ci al | I 5 vibration energy into the panel. H cy
S Rt

response oved with the softer foam materials

nmeans. Envi saged core |ayer material¥?include fabrlcated
honeyconbs or corrugations of aluniniun1all%¥géﬂ&§t or 10 foil, or Kevlar-
(RTM, Nonex (RTM, plain or bonded papers nd various synthetic
plastics filnms, as yell B i1e4RaNEeoplay ullt A SAhashi Eisﬁia?%@reen and
materials, even aerogel netals I f of suitably | ow density. Sone
suitable core |ayera housmiger iial swflfcact ithel ydexpldyt scodde sedf - mkampad)g
in their 15 manufacture and/or ot herw se have enough i nherent stiffness
for use without |amhetdchedisededm sthat | &her dousiAghicgirries gpeldodspeder
cellular core material is known under the trade nane ' Rohacel ' which
may be suitabl e Bis ePuRIfisdnGr pan@istributed mode acoustic radiator and

transducer means mounted wholly and exclusively on the

radiator to vibrate the radiator to cause it to resonate.
2. A visual display unit according to claiﬁ- 1,
characterised in that the radiator is integral with the
10 housing.
3. A wvisual display wunit according to claim 2,
characterised in that the housing has an external wall and
in that the radiator is integral with the external wall.
4. A visual display unit according to claim 2 or claim 3,
15 characterised in that the radiator comprises a stiff
lightweight panel having a cellular core sandwiched by skin
layers, one of which skin layers is integral with the
housing.
5. A wvisual display wunit according to claim 4,
20 characterised in that the said one skin layer is thinner
than the average wall thickness of the housing.
6. A visual display unit according to any one of claims
3 to 5, characterised in that the external wall of the
housing is formed with a groove which surrounds the
7 25 radiator and which defines a resilient suspension coupling
the loudspeaker to the housing.
7. A visual display unit according to claim &6,
characterised by at 1least one slot in the groove to

increase the compliance of the suspension.
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and which is wthout skins. 1In practical terns, the aimis 20 for an

overall lightness and stiffness suited to a particul ar purpose,
specifically |nclud|ng opti m si ng contributions fromcore and skin

| ayers and tran bet ween them - Several of

preferred for rruls‘gtl ons 7for the panel 25 enploy netal and net afeﬁf;fmmnﬂ
skins, or alternatively a carbon fibre reinforcenent. Bot h of these,
and al so designs with an all oy Aerogel gqr tal honeyconb core, wll
have substantial radi o frequency screening z/éggrties whi ch WO

97/ 09852 PCT/ GB96/ 02151 shoul d
be inportant in several EMC applications. Conventi onal panel or

cone type speakers have no inherent
]

) L ,
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Fig. 1
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EMC screening capability. In addition the preferred formof piezo
and el ectro 5 dynamc transducers have negligible el ectromagneti c
radi ation or stray magnet fields. Conventional speakers have a | arge
magnetic field, éﬁnetre di stant unl ess specific co éﬁ'
counter. m&*asures"‘;grgrcz,\’ﬂ%8 en. Where it is inportant tgqﬁa? s%ﬁ’glsllhe
screening in an 10 application, &ectrical connection can be made to the
conducti've parts of an appropriate DV pan:b an electrically
conductive foamor simlar interface my b used for the edge

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

20 bi tunen-based material, as comonly used in conventi onal
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| oudspeaker enclosures or may be of a resilient or rigid pol ymeric

sheet material. Sonme materials, notably paper and card, and sone
cores may be sel f-danpi ng. Wher e desired, the danping nay be
increased in thegenegduction 25 of the panels by enployi ng r dlﬁa@foﬂﬁl
setting, rather than rigid setting adhesives. ective sa
sel ecti ve danping includes specific appl irtation to the panel |nclud|ng
its sheet material of WD 97/ 09852

PCT/ GB96/ 02151 3/(? 9. nmeans permanent|y
associ ated therewith. Edges and corners can be particularly
significant for dom nant and | ess di spersed | ow frequency vibration
nodes of panel s hereof. Edge-wi se fixing of danping nmeans can usefully

lead to a 5 panel with its siﬁflsheeaoﬁaterial fully framed, though
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their corners can often be relatively free, say for desired ext ensi on

to | ower frequency operation. Attachnment can be by adhesive or .

sel f-adhesi ve materi al s. Q her forns of useful danping, particularly ™
in terms of nore subtle 10 effects and/or m d- and hi gher frqugngheé can.’
be by way of suitabl e nmass or massesZ2affixed to the sheet naterial dt °

predeterm ned effective nedial |ocalised positions of said ar ea.

An acoustic BantfF &sSHEPOritBed &B6ve ilg I freps unfigmead gwener; The sound

energy from the back is_ not strongly_ phase rel at ed to t hat
from the front‘.ang an G&ﬁﬁ&ﬁﬁﬁﬂﬁ%ﬁqQkﬁéii@F%ﬁ% BeaRsi FovPledertsl Ithe

Frequency diBRPPhUTRORD TEHURBES dPHOCEs Vo Mk SSTRA ng * SRS N St s
a0 T PRSI RLEORE. O FRUBSHETbo g SRERIMELLOD LN YA
the radiagiqp,fxofyt BE.4G8HRY' 6aRANELy' 32198 peaker.
_ DISCLOSURE OF INVENTION
Embodiments of the present invention use members of
nature, structure and configuration achievable genérally
and/or specifically by implementing teachings of our co-
10 pending ?;T publication No. WO097/09842 of even date
herewith. Such members thus have capability to sustain and
propagate input vibrational energy by bending waves in
operative area(s) extending transversely of thickness often
but not necessarily to edges of the member(s); are
15 Vgonfigured with or without anisotropy of bendihg stiffness
to gave resonant mode vibration components distributed over
said area(s) beneficially for acoustic coupling with
ambient air; and have predetermined preferential locations
or sites within said area for transducer means,
20 particularly operationally active or moving part(s) thereof
effective in relation to acoustic vibrational activity in
said area(s) and signals, usually electrical, corresponding
to acoustic content of such vibrational activity. Uses are
envisaged in co-pending International publication No.
25 WO097/09842 for such members as or in "passive" acoustic
devices without transducer means, such as for reverberation

or for acoustic filtering or for acoustically "voicing" a

- space or room; and as'or in "active" acoustic devices with
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non-directional, the per cent age of phase related 25 information

I ncreases off axis. For inproved focus for the phant om st ereo i mage,

pl acenent of the speakers, |ike pi ctures, at the usual standi hg -person
hei ght, confers the benefit of a noderate off-axis placenent tPﬁ,Fhe,, .
normal |y WO 97/ 09852 3 _ '
PCT/ G896/ 02151 , 10 seated |istener

optim sing t REAEEENESTfMRARS, LFREW 6 the 2 Iel%&ﬁkeﬁﬁ;ﬂ a‘:;@éf tr/arnig?tOf
eonetry with respect to the |istener provi des a further angul ar
gonpone%t 6588r§g§r85|%9ﬁqﬂmpr louéﬁﬁ%?h%BFeWheHSSUPPll?ﬁeﬂéﬁQ;fPEQ#ther

advant age for | i steners conventi onal

speaker repFﬁaﬂgi e8' bfheconvertﬁgrl%%l(ﬁﬂﬁdy EPEBarséﬁ:n&Pur%uSF as

acoustic panﬁkc?BBﬂgnes when exposed to sound to be converted into
5 other signals.

This invention is particularly concerned with active
acoustic devices e.g. in the form of loudspeakers for
visual display means. Members as above are herein called
distributed mode radiafors and are intended to be

10 characterised as in the above PCT application and/or
otherwise as specifically pQ;vided herein. |

The invention is a visual display unit comprising a
display screen, a housing in which the display screen is
mounted and a loudspeaker in the housing, characterised in

15 iphat the loudspeaker comprises a a stiff lightweight member
haQEng 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

20 least one area and have predetermined preferential
locations or sites within said 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

25 radiator which provides an acoustic output when resonating.
The radiator may be integral with the housing. The housing
may have an external wall with which the radiator is

integral. The radiator may comprise a cellular core
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§ .
radi ation gives it a sound vol une whi ch does not obey the . i nverse
square | aw for distance for an equivalent point 10 source. Because the

tintensity fall-off with distance is much | ess than predicted~by'tnyef§é
square |law then - - consequently for off-centre and poorly placed:|isteners.’
t he intensity field for the panel spé&ker pronotes a superior '

stereo effect cqQnpared to conventjonal speakers, This is _ 15 because the
of 1. contr o pFABBHLAPEtorer GBS HAYSES  oPoEn@t WhdRlbi U br SBTERSIVES | o
proximty to,the nearer speaker; ._firstly the excessive jncrease i.n

| oudness froﬁPFﬁgrﬁ‘ZaVéF% %%esﬁé’éffé'f‘,g ‘aniﬂ‘t%esr?lt é’”t?oﬁ?‘e‘s’bcfﬁcﬁ% L rRse
in | oudness tgif;}{gg‘"a{%erhf Eflgg%{velr%%%nggrﬂ thi%kne s%rJPe&%e' ﬁ}@‘dss{’ngt he

advant age of t Wel ane orm spea , ViISua

attractrve, ‘f‘fmegot%gtrégﬁ‘?ﬂ wallqu@fit@ﬁean?oﬁgﬂﬂéri OB%V dﬁfHﬁ%é& ansdyce and

no crossover ul I range solnd from each pane aphragm
Figure 3 "'H%B%e%«-r?ié/ﬁ sUakrdhaRk A H Fad18¢dreata Aviéh CABRYLE a
nonitor or the Iike having a screen (37) forned
resilient suspension coupling " the loudspeaker to the
housing. At least one slot may be provided in the groove

to increase the compliance of the suspension.

10 BRIEF _DESCRIPTION OF DRAWINGS
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¥ .
in any desired fashion e.g. as a cathode ray tube or as a

liquid

crystal display. The unit (137) conprises a box- i ke housing (101)
thavi ng’ opposed sides (102) each of whicl .
11 is formed-to incorporate a multi-node acoustic radi at or (2) "2 v
generally sinilar to that described above with reference to Figlures'1 "’

and 2 to form | oudspeaker (81). The housing (101)

i's noul ded from

plastics and the The bppesbicsi Hesdiagpynmebi pabled W ERT§EREr aPlyway
relatively thin rectangul ar _areas, in conparlson to the

rect angul ar

gener al th|d%ﬁe%%a@@l?helhoﬁg?n@CCBBEﬁaﬁansyaﬁﬁUbﬁg§ (isoyhich
the radiators (2).. These areas are stiffened

*7to define
ner faces

with a Ilghtvvel gh"fl%‘ﬂﬁ% (22} Swh cHiJrasgral’b bsa{’(ﬂ?’éd‘goyaang?'ﬁ%ﬂérhgﬁ? “P9Ef to

forma rigi

10

15

10

ou&gpggié& 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; |

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

Figure 3 is a perspective diagram of an embodiment of
visual display unit incorporating a loudspeaker according
to the present invention, and

Figure 4 is a partial cross-sectional view, through

‘the loudspeaker shown in Figure 3.

BEST MODES FOR CARRYING QUT THE INVENTION

Referring to Figure 1 of the drawings, there is shown
a panel-form loudspegkgr (81) of the kind described and
claimed in our co-pending International publication No.
W097/09842 of even date herewith comprising a rectangular
frame (1) carrying a resilient suspension (3) round its
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. WO97/09859, WO97/09861, WO97/09858 of 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
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1

mul-ti-node radi ator panel (2) of the kind described above e.g. wth
reference to Figures 1 and 2. The grooves effectively deflne_a
Yesilient suspension (3) of the kind ~shown in Figures 1 and 2 and t,he -
surroundi ng housing (101) 15 forms the frame (1). Slots (not shomn)inay‘ne,'
provi ded in ‘the grooves and which pigrce through the housing tg** -

I ncrease the conpliance of the suspension. A transducer (9) e.g.

of the kind @ed€rilad@d nagletdgisicribed nipurown- pendengdihgt eimt ookl opat ent
publication Nos. 20 W97/09859, W97/09861, W97/09858 is attached to each
panel (2) toPPRIACHHORINRg WAVEL0P8HE phecpanefiatechereseth, tohbmnach

resonate to produce an acousti c out put.
12 gending waves into thecggpﬁg to cause the panel to resonate

to radiate an acoustic output.

5 . 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, simild& to
cbnventional cone type speakers, sensitivity being of the

10 order of 86 - 88dB/watt under room loaded conditiqns.
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

15 1Fhe transducer and thus improve power handling.

B Figures 2a and 2bh 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 (20). Suitable materials for the frame 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
plastics. Suitable adhesives for the jdints (20} include

25 -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)

e.g. of a rigid plastics foam °*(97) e.g. cross linked



A

a housing (101) in which the display screen is nmounted and a

1 oudspeaker

(81) in the housing, 5 characterised in that the

| oudspeaker conpri-ses a a stiff l'i ghtwei ght menber (2) having i ,
capability to sustain and propagat e qqnput vibrational energy ‘by::

bendi ng waves in at . . .
thi ckness toikafermedonaningodgoyhbeaki pnl €0oROAENESoudPicdisdihbyte
| east one area and have predeterm ned preferential
| ocati ons or geinkees iyt Bimidairdto tha&r&aséeibbaansdueeni pRanst apdnbavisg a
(9) nmounted whol |y and exclusively on said nenber at one of

said at

t ransducer

said | ocati oR¢guresi tlesindo vitlyr eficernt Neoudsgenkdo c@Lse it 15 to resonate
form ng an acoustic radi ator which provides an -

resonati ng. _ ~mov ! :
characterised in that the radiator (2) is integral wth the housi ng

(101).

10

15

20

Zhe Aowsknml (1@il3plisy momidedadowmndi phastocs clhaidm tis
opposed sides (102) are moulded with generally rectangular
relatively thin rectangular areas, in comparison to the
general thickness of the housing, bounded by grooves (100)
to define the radiators (2}. These areas (2) are sti;fened
on their inner faces with a lightweigﬁt core (22) which is
backed by aﬁ inner skin (21) to form a rigid lightweight
multi-mode radiator panel (2) of the kind described above
e.g. with reference to Figures 1 and 2. The grooves
effectively define a resilient suspension {3) of the kind
shown in Figures 1 and 2 and the surrounding housing (101)
.fo;Ts the frame (1). Slots (not shown) may be provided in
the grooves and which pierce through the housing to
increase the compliance of the suspension.

A transducer (9) e.g. of the kind described in detail
in our co-pending International patent publication Nos.
Ww097/09859, W097/09861, WO097/09858 is attached to each
panel (2) to launch bending waves into the panels to cause

them to resonate to produce an acoustic output.

Alienns SREET

acoustic out put when

1. - Auvisual di splay unit (137) conprising a display screen (37),

| east one operative area extending transversely of
Pz)over



] - .
20 3. A visual display wunit according ‘to claim 2,

characterised in that the housing (101) has an external wal | (102) and
in that the radiator (2) is integral with t he external wall.. .. 4 -
A visual display unit according to claim2 or claim3, 25 charactenlsedn .
in that the radiator (2) conprises a celly ar core (22) sandwtched by -
skin layers (21), one of which skin layers is integral with the

housi ng. 5. A visual display umgarMgcording to claim 4,

13 characterised in that the said one skin layer (21) is

t hi nner thanlthe &vevageahal dispigknessiof (13 )housmpgising (&OLilsplay 6.
A visual display unit according to any one of clains
screen (37), a housing (101) in which the display screen is
mounted and a loudspeaker (81) in the houging,

5 characterised in that the loudspeaker comprises a a stiff
lightweight member (2) having capability to sustain and
propagate input vibrational energy by bending waves in at
least one operative area extending trahsverseiy of
thickness to have resonant mode vibration components

10 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

15 igo fesonate forming an acoustic radiator which provides an
acoustic output when resonating.

2. A visual display unit according to <claim 1,
characterised in that the radiator (2) is integral with the
housing (101).

20 3. A visual display wunit according to claim 2,
characterised in that the housing (101) has an external
wall (102) and in that the radiator (2) is integral with
the external wall.

4. A visual display unit according to élaim 2 or claim 3,

25 characterised in that the radiator (2) comprises a cellular
core (22) sandwiched by skin layers (21), one of which skin
layers is integral with the housing.

5. A visual display wunit according to claim 4,

4550 SHEET R O A R
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5 3 to 5 characterised in that the external wall (102) of
Is formed with a groove (100) which surrounds
efines a resilient suspension (3)

housi ng.

7. A visual display unit according to claim:-6,:, 10

t he housi ng
the radi ator and which, _
coupling the | oudspeaker to the - -

characterised by at |east one slot in thelyroove (100) to i ncreease the
conpliance of the suspension. :

10

characterised in that the said one skin layver (21) is
thinner than the average wall thickness of the housing
(101).

6. A visual display unit according to any one of claims
3 to 5, characterised in that the external wall (102) of
the housing is formed with a groove (100) which surrounds
the radiator and which defines a resilient suspension (3)
coupling the loudspeaker to the housing. ’

7. ' A wvisual display wunit according to claim &6,
characterised by at least one slot in the groove (100) to

increase the compliance of the suspension.
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