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TI TLE: A PORTABLE COWPACT DI SC PLAYER 10

DESCRI PTI ON 15 TECHNI CAL FI ELD The invention rel ates
to portable conmpact disc players and nore particularly to such players

I ncor porating kers conprising panel -form acoustic ragdi -
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GB- A- 2262861 to suggest a panel-forn1|oudqugker conprising:- a resonant
mul ti-node radi ator el enment being a unitary “sandwi ch panel forned of two
skins of material with a 25 spacing core of transverse cellular
construction, wherein the panel is such as to have ratio of bendi ng
stiffness (B), in all orientations, to the cube power of panel nass
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The invention relates to portable compact disc players
and more particularly to such players incorporating
loudspeakers comprising panel-form acoustic radiating
elements.

20 A U ART

It is known from GB-A-2262861 to suggest a panel-form
loudspeaker comprising:-—

a resonant multi-mode radiator element being a unitary
sandwich panel formed of two skins'of material with a

25 spacing core of transverse cellular construction, wherein
the panel is such as to have ratio of bending stiffness
{(B), in all orientations, to the cube power of panel mass

per unit surface area (p) of at least 10;



per unit surface area ([err]) of at l|east 10; 2 a nmounting means which
supports the panel or attaches to it a SuppattthRg—hetymsm—a free undanped
manner; and an el ectro-nechani cal drive maanslsmeiAStBE&Me panel which
serves to excite a nulti-nodal resonance iin t heREPLAGEDIt or @anel in

response to an & al input wthin a WoFRFRG—FTequency D e .
| oudspeaker. Us-kgg/wgﬁg 575 of GOLDSTAR CO. discloses a portgﬁgn@%act

di sc player conprising a slimbody and a pai of |oudspeakers detachably
hi nged to the body. 10 DI SCLOSURE OF | NVENTI ON

Enbodi ments of the pregefbuhBYSS hdihsUaRi &R MPpors the panel or attaches

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

and an electro-mechanical drive means coupled to the

panel which serves to excite a multi-modal resonance in the

5 radiator panel in response to an electrical input within a
working frequency band for the loudspeaker.

DISCLOSURE OF INVENTTION

Embodiments of the present invention use members of

nature, structure and configuration achievabie generally

10 and/or specifically by implementing teachings of our co-

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

15 but not necessarily to edges of the member(s); are

configqred 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

20 or sites within said area for transducer means,

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

25 envisaged in co-pending International application No. (our

file P.5711) filed for such members as or in "passive"

acoustic devices without tran.sducer means, such as for

reverberation or for acoustic filtering or for acoustically

This Sheet Has Been Re placed

T



publication

\ e capability
to sustain and propagate input vibrational gnergy—by—henctrg=waves in
operative areasgofipkgndi ng transversely of thickness often pefgiRhzia7 -
necessarily to edges of the nenber(s); are configured with or w thout

ani sotropy of bending stiffness 20 to have rgsonant node vi bration
conponents distributed over said area(s) beneficially for acoustic coupling

wi th ambient air; «gafefigge DIARMCOH P8EMPr HiEIAdAl1n CaRLLI8S &doustislces
within said area for ~transducer neans, particularly operationally

active or noving pavi¢es witdy ephndducdd aebhyp suclh elsainan remagkablby iwide
vi brational activity in said area(s) and signals, usually electrical,
correspondi ng to zevget P sonrcaes of sovndvpbr dcudaneakers Wwhen srpnlisde,

with input signals to be coaverted to said sound, or in
5 such as microphones when exposed to sound to be converted
into other signals.

This invention is particularly concerned with active
acoustic devices e.g. in the form of loudspeakers for
portable compact disc players. In the following

10 description and claims, it is to be understood that the
term ’compact disc’ is intended to encompass analogous
digitally encoded discs, such as for example digital video
discs. | _

Members as 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
provided herein.

The invention is a portable compact-disc player,
characterised by an opposed paif of panel-form loudspeakers

20 attached to the player, and in that each loudspeaker
comprises a distributed mode acoustic radiator having a
transducer mounted wholly and exclusively thereon to
vibrate the radiator to cause it to resonate.

The portable compact-disc player may comprise a body

25 portion having a turntable and a 1lid adapted to close over
the turntable, the loudspeakers being mounted on the 1id.
The loudspeakers may be hinged on the lid. Alternatively

the loudspeakers may each be housed in a slot in the 1lid
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| oudspeakers when supplied with input signals to be

in which

the loudspeakers are substantially wholly housed in the

slot, and a use position in which the loudspeakers are

positioned on opposite

sides of the lid.

5 Each radiator may comprise a stiff lightweight panel having

a cellular core sandwiched by opposed skin layers, and in

that the panel is supported in a surrounding frame by means

of a resilient suspension.

BRIEF DESCRIPTION OF DRAWINGS

i0

The invention is diagrammatically illustrated, by way

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

Figqure 1 is a diagram showing a distributed—-mode

loudspeaker as described and claimed in our co-pending

International application No...

15

Figure 1;

{our case P.5711);
Figure 23 is a partial section on the line A-A of

Figure 2h is an enlarged cross—-section through a

distributed mode radiator of the kind showm in PFigure 22

and showing two alternative constructions;

20

Figure 3 is a perspective view of a first embodiment

of portable compact disc player in a storage position;

Figure 4 is a perspective view of the player of Figure

3 in a use position;

Figure 5 is a scrap view of part of the player of

25 PFigures 3 and 4;

Figure 6 is a perspective view of a second embodiment

of portable compact disc player, and
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5 such as m crophones when exposed tq_sound to be converted into other

signals. This invention is particular W tirjacti ve acoustic
de\gi ces e.g. in the formof |oudspea ?hs_lg)‘ D fa?«% RN fo_npact_ di sc

pl ayers. In the following 1 OIgnd ains, it |s|to be
understood th rm' conpact disc' is intended to enco gQus
digitally encgggy;@?gssgs, such as for exanple digital video m@’%@%ers
as above are herein called distributed m)de515 radi ators and are intended
to be characterised as in the above PCT applFication and/or otherw se as
specifically prowggddgrein. The invention is a portable conpact-disc

pl ayer characterised by an opposed pair  of panel - f orm 20
| oudspeakers, and in thatBEssc NODES IPOR UERRY 3 ETHE ITNVENTION

Referring to Figure 1 of the drawings, there is shown

& 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 exclusively on or

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

dimensions x and y, the position of which location is

calculated as described in our co-pending International

application No. {our case P.5711) of even date herewith,

15 to launch bending waves into the panel to cause the panel
to resonate to radiate an acoustic output.

The transducer (9) is driven by a signal amplifier

{10), e.g. an audio amplifier, comnected to the transducer

by conductors (28). Amplifier loading and power

20 requirements can Dbe entirely normal, similar to

conventional cone type speakers, sensitivity being of the

order of 86 =~ 88dB/watt under room 1loaded coﬁditions.

Amplifier load impedance is largely i:esistive at 6 ohms,

power handling 20-80 watts. Where the panel core and/or

25 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

_
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nmenber having capability to sustain and propagate input vibrational energy
by bending waves in at | east one operative area extending transversely of
thi ckness to have resonant node vibration conponents distributed over said
at 25 | east one area and have predeterm ned preferential |ocations or sites
W thin said anxhjgmwé*ansduper means and havi ng a_transdupe&wﬁﬂﬂgbﬁﬁ47-,
whol Iy and exclusively on said nenber at one of said |ocations or sites to
vi brat e 4 the nenber to cause it to resonate form ng an acoustic
radi at or whi ch provi des an acoustic out put wifen resonating. The portable

compact - di sc_pl ayegn Iy, LIk Cafla Nl ARELIB oW BaRahihgl abl € and a
|id adapted to cl ose over -

Fiqures 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

5 connected together by respective adhesive-bonded joints
(20). Suitable materials for the frame include lightweight
framing, e.g. picture framing of extruded metal e.g.
aluminium alloy or plastics. Buitable surround materials
include resilient materials such as foam rubber and foam

10 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)
e.g. of a rigid plastics foam (97) e.g. cross linked

15 polyvinylchloride or a cellular matrix (98) i.e. a
honeycomb matrix of metal foil, plastics or the like, with
the cells extending transversely to the plane of the panel,
and enclosed by opposed skins (21) e.g. of paper, card,
prlastics or metal foil or sheet. Where the skins are of

20 plastics, they may be reinforced with fibres e.g. of
carbon, glass, Kevlar (RTM) or the like in a mannei known
per se to increase their modulus.

Envisaged skin layer materials and reinforcements thus
include carbon, glass, Kevlar (RTM), Nomex {(RTM) i.e.

25 aramid etc. fibres in various lays and weaves, as well as
paper, bonded paper laminatgs, melamine, and various
synthetic plastics films of high modulus, such as Mylar.

(RTM), Kaptan (RTM}, polycarbonate, phenolic, polyester or



5 the turntable, and the | oudspeakers may be nounted to the |id. Thus the
Ioudspeakers may be hinged to the lid. Alternatively the |oudspeakers may
each be housed in a slot in the lid for sliding novenent between a stored
position, in which the | oudspeakers are substantially wholly housed 10 in

the slot, and gy §§%ﬁﬁ gsition in which the | oudspeakers are p?ér
opposite sides o e lid. Each radiator may conprise a stif o] melght

panel having a cellular core sandw ched by ogposed skin Iayers The
radi ator nmay be supported in a surroundi frame. resilient 15

S on, oy v st et b s e At o
way of exanple, inndtad B8REEETEINYIAY, drﬁﬂbé@é‘iga*tﬂowﬂbﬁhthe Afectra grEa@Use 1
i's a diagram showi ng a distri but ed- mode
- ligquid crystal polymer thermoplastics shows that they may
be useful for the injection moulding of ultra thin skins or
5 shells of smaller size, say up to around 30com diameter.
This material self forms an orientated crystal structure in
the dizrection of injection, a preferred orientation for the
good propagation of treble energy from the driving point to
the panel perimeter.

10 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 transducer parts e.g. the
motor coil, and the magnet suspension. Additional with

15 some weaker core materials it is calculated that it would
be advantageous to increase the skin thickness locally e.q.
in an area or annulus up to 150% of the transducer
diameter( to reinforce that area and beneficially couple
vibration energy into the panel. High frequency response

20 will be improved with the softer foam materials by this
means.

Envisaged core layer materials include fabricated
honeycombs or corrugations of alumiﬁium alloy sheet or
foil, or Kevlar (RTM), Nomex (RTM), plain or bonded papers,

25 and various synthetic plastics films, as well as expanded
or foamed plastics or pulp materials, even asrogel metals
if of suitably low density. Some suitable core 1layer
materials effectively exhibit usable self-skinning in their



| oudspeaker ,as described and clained in our co-pending International
publication No. W97/09842; Figure 2a is a partial section on the line A-A
of Figure 1; 25 Figure 2bis an enlarged cross-section through a

di stributed node radi ator of the kind shown in Figure 2a and showi ng two
al ternative congbplywgdgsedns; Figure 3 is a perspective view of papldpbddsgr -

enbodi nent 4a of portable conpact disc player in a storage position;
Figure 4 is a perspective view of the player ,of Figure 3 in a use p05|t|on
5 Figure 5 is a scrap view of part of Fhe pl ayer of

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

5 and which is without skins. In practical terms, the aim is
for an overall lightness and stiffness suited to a
particular purpose, specifically including optimising
contributions from core and skin layers and transitions
between them.

10 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
have substantial radio frequency screening properties which

15 should be dimportant in several EMC applications.
Conventional panel or cone type speakers have no inherent
EMC screening capability.

In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic

20 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

25 conductive parts of an appropriate DML panel or an
electrically ponductive foam or similar interface may be
used for the edge mounting.

The suspension (3) may damp the edges of the panel (2)



Figures;3 and 4; Figure 6 is a perspective view of a second enbodi nent of
portabl e conpact disc player, and Figure 7 is a scrap view of part of the
pl ayer of 5 Figure 6. BEST MODES FOR CARRYI NG QUT THE | NVENTI ON
Referring to Figure 1 of thé drawings, there is shown a panel -form

| oudspeaker (8 e kind described and clained in our co; ' .
Intergationaf éﬁ%ﬁ?%%%ion No. W)97/09842 of even date heremﬁrﬁﬁggﬁ%g¥ging a
rectangular 5 frame (1) carrying a resilient_suspension (3) round its inner
peri phery which supports a distributed node gound

to prevent excessive edge movement of the panel.

Additionally or alternatively, further dJamping may be

- applied, e.g. as patches, bonded to the panel in selected

positions to damp excessive movement to distribute

5 resonance egually over the panel. The patches may be of

bitumen-~based material, as 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

10 desired, the damping may be increased in the construction

of the panels by employing resiliently setting, rather than
rigid setting adhesives.

Effective sald selective damping includes specific

application to the panel including its sheet material of

15 means permanently associated therewith. Edges and corners

can be particularly significant for dominant and less

dispersed low freguency vibration modes of panels hereof.

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

Panel with its said sheet material fully framed, though

20 their corners can often be relatively free, say for desired

extension to lower frequency operation. Attachment can be

by adhesive or self-adhesive materials. Other forms of

useful damping, particularly in terms of more subtle

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

25 suitable mass or masses affixed to the sheet material at

predetermined effective medial localised positions of said

area.

An acoustic panel as described above is Dbi-



radi ati ng panel (2). A transducer (9) e.g as described in detail wth
referefice tb our co-pending International publication Nos. W97/09859,
W97/ 09861, W97/09858 of even 10 date herewith, is nounted wholly and
exclusively on or in the panel (2) at a predeterm ned |ocation defined by

di mensi ons X aﬁg% 9%ge position of which |ocation is cal cm o -
described in o ’8 ndi ng I nternational publication No. of
even date herewith, to | aunch 15 bendi ng s into the panel to cause the
panel to resonate to radiate an acoustic output. The transducer (9) is

driven by a signaljaigtlilchiat! (lehe %&naane@w;f;p 2eBhi fiify , b&ER NG edotO
the transducer by conductors (28). Amplifier |oading and power
20 requirenents stxayly bephasmt i related notoml thatsi nidear the £front.
conventional cone type speakers, sensitivity being of the order of 86.-
88dB/ watt under r@onsdqweaddycthereiimshe benefit of overall summation of

acoustic power in the room, sound energy of uniform
5 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
10 non-dirsctional, 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
benefit of a moderate off-axis placement for the normally
15 seated listener optimising the stereo effect. Likewise the
triangular left/right geometry with respect to the ligtener
brovides a further angular component. Good stereo is thus
obtainable.
There is a further advantage for a group of listeners
20 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 -
25 much less -than predicted by inverse square law then
consequently for off-centre and poo:;:ly placed listeners the
intensity field for the panel speaker promotes a superior

stereo effect compared to conventional speakers. This is



Anplifier load inpedance is largely resistive at 6 ohns, power handling
20-80 watts. \Where the panel core and/or 25 skins are of netal, they may
be made to act as a heat sink for the transducer to renove heat fromthe
not or coil of t he transducer and thus inprove power handling. Figures 2a

and 2b are par}jal I cal cross-sections through the |oudspe of
Figure 1. Fi guf"Jé’*‘ZQBéﬁom that the frame (1), surround (3) m&&&’% 2)
are 5 connected together by respective adhesive-bonded joints (20).
Suitable materials for the frame include |ightweight framing, e.g. picture

g oo | S BOCABIEIR, e SR YR Stol S ao SO che
doubled problem due to proximity to the nearer speaker;
firstly the excessive increase in loudness from the nearer
gspeaker, and then the corresponding decrease in loudness

' 5 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.

10 Figures 3 to 6 illustrate a portable personal compact
disc player (41) of the kind having a body (85) formed with
a slot (82) through which discs are loaded into, and.
removed from the player and control buttons (137) by which
the player is operated. The player (41) is provided with

15 an opposed pair of loudspeakers {81) in the form of thin
panelform members (40) hinged to opposite sides of the
player (41) to sandwich the player. The loudspeakers (40)
are sized to be co-extensive with the player and are
arranged to be hinged from the closed position shown in

20 Pigure 3 to the extended position shown in PFigure 4 as
indicated by arrow ’C’. In the extended position, the body
(85) of the player (41) tends to act as a central bhaffle
separating the loudspeakers (40) to improve channel
separation.

25 Each of the panslform loudspeakers (40) is in the form
of a distributed mode acoustic radiator of the kind
described above with reference to Figure 1 and 2. Thus

each loudspeaker comprises a rigid lightweight panel (2)



10 plastics. Suitable adhesives for thej-gipta£20—rclw
and cyano-acryl ate etc. adhesives. Fi gullerid SHEETSIABREEN,
scale, that the panel (2) is a rigid |ightweirgRLACEDel haying a core (22)
e.g. of arigid plastics foam (97) e.g. ol yvi nyl chl ori de
or a cellular | 8) i.e. a honeyconb matrix of netal fqj tlCS
or the I|ike, vmnwégﬁg‘s?:el | s extending transversely to the pl capréér’%@t 317
panel, and encl osed by opposed skins (21) e.g of paper, card, plastics or
metal foil or sheet. Where the skins are of 6 pl astics, they may be
reinforced with fipssfed: firowla CNANarIass. (Kzéy'éﬁciﬁ@& ¥ i@ lidsReds @
manner known per se to increase their nodul us. Envisaged ski'n | ayer
material s and rei n{2trentnd sparels beingudeuatedodn gl sasrowlimy sfd3iNient
Nomex (RTM) i.e. 25 aramd etc. fibres in various |lays and weaves, as well
as suspension (3), e.g. of foam rubber, which in turn is

He epoxy, acrylic
to an enl arged

mounted in a lightweight rectangular frame (1) e.g. of
5 plastics. A transducer (9), e.g. of the kind described
with reference to co-pending International application Nos.
(our files P.5683/4/5) is mounted on each panel (2) to
launch bending waves into the panel to cause the panel to
resonate to produce an acoustic output. The transducer (9)
10 are positioned on the respective panels (2) in
predetermined locations as discussed in our said

International application No. (our file P.5711).
Figure 6 and 7 illustrate a portable compact disc
player (41) of the kind comprising a body (85) carrying a
15 turntable (86), operating buttons (137) and a 1id (139)
hinged as shown by arrow ’'D’ to close over the turntable.
The player (41) is provided with an opposed pair of
loudspeakers (81) in the form of thin panelform members
which as shown at (40) may be hinged to the sides of the
20 1id (139) to be movable as indicated by arrow ’'E’ from a
closed position {not shown) to the extended position shown.
Alternatively as shown at ({39) the panelform loudspeakers
(81) may be housed in a slot (not shown) in the 1id (139)
and slid as indicated by arrow. ’'F’ between extended and

25 retracted positioms.

Bach of the panelform loudspeakers (39,40) is in the
form of a distributed mode acoustic radiator of the kind

described above with reference to Figure 1 and 2. Thus
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paper, bonded paper |am nates, nelam ne,_and variouq qyn:hetic pl astics

films of high nodulus, such as Myl ar. Hﬂﬁ@SHE@P 88 pe , pol ycarbonat e,

phenol i c, pol yester or 7 related pliasti CqxepprReE bre ei nf or ced

pl astics, etc. and nmetal sheet or foilji t he Vectra grade
of liquid crysigy ha¢er thernopl astics shows t hat t hey may BbeRsdy foor

the injection nDu ng of ultra thin skins .or 5 shells of smaller size, say
up to around 30cmdianmeter. This material self forns an orientated crystal
structure in the direction of injection, a § eferred orientation for the

gg??ng:glroagat i on ghch’ QBLBsPESKSY ddnpPikhs @M irigRE ReGREwd Lyt Gl (2)
formed from a cellular core (22) enclosed by skin layers
{21), the panel being mounted in a surrounding resilient
suspension (3), e.g. of foam rubber, which in turn is

5 mounted in a lightweight rectangﬁlar frame (1) e.g. of
plastics. A transducer (9), e.g. of the kind described
with reference to our co-pending International application
Nos. (our files P.5683/4/5) is mounted on each panel (2)
to launch bending waves into the panel to cause the panel

10 to resomnate to produce an acoustic output. The transducer
{(9) are positioned on the respective panels (2) in’

predetermined locations as discussed in our co-pending

International application No. {our file P.5711),

e
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10 \ Addltlon ding for thIS and other thernoplastics
allows for tHHEK llm ﬂ'”ﬁlto carry | ogs ’ ation features

such as groo t he accuratw sducer parts e.qg.
the notor coil, and t e nagnet suspen3|o : h 15 sone weaker

core materials | cul ated that it ' oe advant ageou | se
the skin tthkdggS‘FB§g||y e.g. in an area or annulus up to ?@%@?%Q&%ﬁﬁ
transducer dianmeter, to reinforce that area gnd beneficially couple
vibration energy into the panel. Hi gh frequency response 20 wll be

i nproved with the softer foam materials byctaA¥Ms neans. Envi saged core |ayer
materials include fabricated honeyconbs or corrugations of al um nium all oy

sheet or foil, or ievl &r POREAPle NonBRa¢iRDYsc [playerer chardetiepbyst shy 2én and
various Sy”thet'co%kﬁiiéciagélgi éﬁiégfktzﬁslgﬁggggfitrs attached to the
player, and in that each loudspeaker comprises a
5 distributed mode acoustic radiator having a transducer
mounted wholly and exclusively thereon to vibrate the
radiator to cause it to resomate.
2. A portable compact-disc player according to claim 1,
characterised by a body portion having a turntable and by
10 a 1i4 adapted to close over the turntable, and in that the
loudspeakers are mounted on the 1lid.
3. A portable compact-disc player according to claim 2,
characterised in that the loudspeakers are hinged on the
1id. . .
15 4. A portable compact-disc player according to claim 2,
characterised in that the loudspeakers are each housed in
a slot in the 1lid for sliding movement between a stored
position, in which the loudspeakers are substantially
wholly hoﬁsed in the slot, and a use position in which the
20 loudspeakers are positioned on opposite sides of the 1id.
S. A portable compact-disc player according to any
preceding claim, characterised in that each radiator
comprises a stiff lightweight panel having a cellular core
sandwiched by opposed skin layers, and in that the panel is
25 supported in a surrounding frame by means of a resilient
suspension.
6. A portable compacthisc player according to claim 5,

characterised in that the panel is supported in a surround

This Sheet Has Been Replaced
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or foaned plastics or pulp materials, even aerogel metals if of suitably
| ow density. Sonme suitable core |a === : gt ively exhibit

usabl e self-skinning in their man rwi se have enough
i nherent stiffness for use wthout | 'L. Ei n layers. A high
per formance ce“u gore mat erial i et rade m 5@9 ceI I
whi ch may be sur't % e as a radi ator panel 5 and whi ch i-s—wi-t-hou ns

practical terns, the aimis for an overall Jjghtness and stiffness sui ted

to a particul ar purpose, specifically incl ng optim SI qglﬂﬁm“mm,iml
fromcore and sklﬁ. ers and transitions between them of
the preferred forrmulations for the panel

7. A portable compact-disc player according to claim 6,

characterised by a resilient suspension interposed between

the frame and the panel.
_—
L}
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enpl oy petal, and netal alloy skins, or alternatively a carbon fibre

rei nf orcenent. Both of these, and also designs with an all oy Aerogel or
nmet al honeyconb core, will have substantial radio frequency screening
properties which 15 should be inportant in several EMC applications.
Conventional p cone type speakers have no inherent Em§bﬁﬁﬁﬁﬁ i .
capability. |n%§§%???%n the preferred formof piezo and el ectro yngﬁ?c
transducers have negligible el ectromagnetic 20 radiation or stray
magnet fields. Conventional speakers have | arge magnetic field, up to 1
metre di stant unl ess specific conpensatioﬂ bdounter measures are taken.
Wiere it is inportant to maintain the screening in an application,

el ectrical connection can be made to the 25 conductive parts of an
appropriate DML panel or an electrically conductive foamor simlar

i nterf,ace may be
81
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used for the edge nounting. The suspension (3) may danp the edges of the
panel (2) 9 to prevent excessive edge novenent of the panel.
Additionally or alternatively, further danping may be applied, e.g. as
pat ches, bonded to the panel in selected positions to danp excessive
novenment to g‘j(;g.,r'gklte 5 resonance equally over the panel 'Pc%sﬁﬁiﬁ es
may be of bitunmen-based material, as conmonly used in conventiona

| oudspeaker enclosures or nay be of a resilient or rigid polyneric sheet
material. Sonme materials, notably paper and card, and sone cores nay be

sel f - danpi ng. Where 10 desired, the daffhg may be increased in the
construction

¢ ®@Aa @ non )

Fig.2Za
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of the panels by enploying resiliently setting, rather than rigid setting
adhesives. Effective said sel ective danmping includes specific application
to the panel including its sheet material of 15 neans pernmanently

associ ated therewith. Edges and corners can be particularly significant for
dom nant and | Lspersed | ow frequency vibration nodes of r eof .
Edge-w se fixiﬁgﬁgﬂﬁgﬁnping nmeans can usefully lead to a pan%?QQﬁ%ﬁ:ﬂf

said sheet material fully framed, though 20 their corners can often be
relatively free, say for desired extension o | ower frequency operation.
Attachnment can be by adhesive or self- adh%éive mat eri al s. Gt her forns of
useful danmping, particularly in ternms of re subtle effects and/or m d-
and hi gher frequenci es can be by x&ay it or masses affixed
to the sheet material at predeteym ned effectlve nedlal flocal i sed positions
of said ]

rrasesses
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area. Am acoystic panel as described above is bi- 10 directional. The
sound energy fromthe back 1is not strongly phase related to that from
t he front. Consequently there is the benefit of overall summation of
acoustic power in the room sound energy of uniformb5 frequency

di stribution, rﬁggﬁ,@ﬁsﬁr efl ective and standing wave effects g@%ﬁﬂz‘iﬂ ‘the
advantage of superrtor reproduction of the natural space and anbience in

t he reproduced sound recordings. Wiile the radiation fromthe acoustic

panel is largely 10 non-directional, the percentage of phase

rel ated //

Fig.7
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!ﬁfornation I ncreases of f axis. For inproved focus for the phantom stereo
i mage, placement of the speakers, like pictures, at the usual standing
persan height, confers the benefit of a noderate off-axis placenent for t he
normal |y 15 seated |istener optimsing the stereo ef fect~. Likew se tHé: ;
triangul ar |eft/ri-ght geometry with respect to the listener provides a = '
;urtﬂer aggular conponent. Good stereo is 4hus obtainable. There is a
urther advantage for_a group of listeners 20 e | . Qna
speaker reprodact i of mouPAd Roans AN SugpopESTRAL attl Tof UL
panel sound ragiatbon gixes iy SaPd (olue highadaes Aghnebey he

i nverse square ance” f'or “dn “equi val'ent pol nt source.” Because

the intensity fall-ghy whtBidieta0gEcknital Ve IShs IOMUD NP At by
_ gquare |law then consequently for off-centre and poorly placed
listeners the papnel which serves to excite a multi-modal resonance in the
5 radiator panel in response to an electrical input within a
working frequency band for the loudspeaker.

US-A-5,349,575 of GOLDSTAR CO. discloses a portable
compact disc player comprising a slim body and a pair of
loudspeakers detachably hinged to the body. '

10 DISCLOSURE OF INVENTION

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

15 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

20 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

25 effective in relation tb acoustic vibrational activity in
said area(s) and signals, usually electrical, corresponding
to acoustic content of such vibrational activity.. Uses aréz

envisaged in co-pending International publication No.

AMENDED SHEET



intensity field for the panel speaker pronbtes a superior stereo effect
conpared to conventional speakers. This is because the off-centre pl.aced.
l'i stener does not suffer the doubled problemdue to proximty. ta the nearer
speaker; firstly the excessive increase in |oudness fromthe nearer: ol
speaker, and then it He correspondi ng decrease in |loudness 5 fromthe further
| oudspeaker. There is also the advant age %aflat, | i ght wei ght panel -form

speaker, vi sualv{%?otgr 3Gt i ¥?¥.le 8anuélﬁi?éfst yﬁgndo;_.eq_lﬂ “"BQsQi‘H!“ one

transducer and rossover for a range sound from each panel

di aphragm 10 u o] Styivaln®qacRel {@Rddes pesaenalagoppact
di sC pl ayer (413)006#86:1#9 ir nd %vrw%é:hbhgo tg/I%(n%S) formed WI{) 2

reverberation or for acoustic filtering or for acoustically

2
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a slot (82) through which discs are | oaded into, and renoved fromthe

pl ayer and control -buttons (137) by which the player is operated. The
pl ayer- (41) is provided with 15 an opposed pair of |oudspeakers:(81) i:n ithe
formof thin panel form menbers (40) hinged to opposite skdes‘ot?thé.plgyen
(41) to sandw ch 'the player. The | oudspeakers. (40) are sized to be ’
co-extensive with the player and are arranged to be hinged fromthe cl osed

ndi catod by arYBRCIES" Hn SPRERCoF RS phut 1 Brot: hE 1 BRE fak aEp i *
pl ayer (41) te%%ﬁh@saﬁtﬁ‘%ﬁfﬁﬁéﬁj EQQLE', es@?@ﬁé%}f:{"%ekgﬁakgggfﬁw S

(40) to inprove channel separation. 2 pane

PP el PR SRR ) ot Mkl b3 g Fpagpl e o
with input signals to be converted to’ said sound, or in
5 such as microphones when exposed to sound to be converted
into other signals.

This invention is particularly concerned with active
acoustic devices e.g. in the form of loudspeakers for
portable compact disc players. In the following

10 description and claims, it is to be understood that the
term ‘’compact disc’ is intended to encompass analogous
digitally encoded discs, such asgs for example digital video
discs.

Members as 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
provided herein.

The invention is a portable compact-disc player
characterised Dby an  opposed pair of panel-form

20 loudspeakers, and in that each loudspeaker comprises a
member 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

25 least one area and have predetermined preferential
locations or sites within said area for transducer means
and having a transducer mounted wholly and exclusively dny

said member at one of said locations or sites to vibrate

AMENDED SHEET



each | oudspeaker conprises a rigid |ightweight panel (2)

12 formed from

a cellular core (22) enclosed by skin layers (21), the panel
in_a-:surrounding resilient suspension (3), e.g. of foam r.ubber, .which jn.
turn is nounted in a lightweight rectangular frame (1) e..g. of 5 pldstics.

A transducer (9), &.fg. of the kind described with reference to co-pending’

bei.ng nount ed

| nternational publication Nos. W097/09859, 4W97/ 09861, W97/ 09858 is

ted | (2 | h b ' [ t.h |t
the panel to-r EBhaFeRRet ptRa el e Heober FeSORARRt FOrmHig TP ARHERECE:
95 80 15 ERSRESH 45 RANEhSubPLo! S BhAehaLTLsdab sy | ons

(9) are positi
as di scussed

10

15

20

25

rsai
The portable compact-disc player may comprise a body

portion héving a turntable and a lid adapted to close over
the turntable, and the loudspeakers may be mounted to the
lid. Thus the loudspeakers may be hinged to the 1lid.
Alternatively the loudspeakers may each be housed in a slot
in the 1id for sliding movement between a stored position,
in which the loudspeakers are substantially wholly housed
in the slot, and a use position in which the loudspeakers
are positioned on opposite sides of the 1lid. Each radiator
may comprise a stiff lightweight panel having a cellular
core sandwiched by opposed skin layers. The radiator may
be supported in a surrounding frame. A resilient
suspension may be interposed between the frame and the
radiator.
BRIEF DESCRIPTION OF DRAWINGS

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

Figure 1 is a diagram showing a distributed-mode
loudspeaker as described and claimed in our c¢o-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 c¢ross-—-section through a
distributed mode radiator of the kind shown in Figure 2a
and showing two alternative constructions; |

Figure 3 is a perspective view of a first embodiment

r
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International application No. (our file P.5711). Figure 6 and 7 illustrate
a portabl e conpact disc player (41) of the kind conprising a body (85).. _. ..
carrying a 15 turntable (86), operating buttons (137) and a |lid (139);
hinged as shown by arrow 'D to close over the turntable. The player (41):
is provided with.an-opposed pair of |oudspeakers (81) in the formof thin
panel f orm nenbers which as shown at (40) Ady be hinged to the sides of the

20 lid (139) to be novable as indicated by arrow' m a ed

_ . " fro cl os
position (not QﬂdmmthQﬂQrﬁPWQQQ#Kﬁ%fqmﬁﬂﬂﬂQSnl§h8wﬁ%°§?93rH%??%%??‘as shown
at (39) the panelform | oudspeakers (81 be ha in | ot « ( hown)
inthe |id (139) anBlger® 4ds ﬁdPEﬁ%Ba%Eg‘?%r‘f‘cﬁﬁ ‘#s %ggt%‘g%éﬁxcﬁfer?g%&f%nd 25
retracted positions. Each of the’panelforn1Ioudspeakers (39,40) is in the

formof a dist?ibltRdEABIRCSEY R ¢ radiator of the kind
5 Figure 5 is a scrap view of part of the player of
Figures 3 and 4;

Figure 6 is a perspective view of a second embodiment

of portable compact disc player, and

Figure 7 is a scrap view of part of the player of

-
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descri bed above with reference to Figure 1 and 2. Thus 13 each

| oudspeaker conprises a rigid |ightweight panel (2) formed froma cellular
core .(22) enclosed by skin layers (21), the panel being nountediin a : '
surrounding resilient suspension (3), e.g. of foam rubber, - which in turn. hS
5 mounted in a |ightweight rectangular frame (1) e.g. of plastlcs A’
transducer (9), e.g. of the kind describedSMth reference to our co-pending
| nt er nat i onal publlcat|on Nos. W)97/09859, W97/09861, W97/09858 is
mount ed on eachFE%¥&® §2) to | aunch bending waves into the panel to cause

10 the panel to resonate to produce an acoustic output The transducer
(9) .,are positioned on tﬁ5§Ee¥§B5§+5QEfE#ﬁ%&lﬁgﬁgﬁl—————LEYE§$lgﬂ

Referring to Figure 1 of the drawings, there is shown

a panel—fdrm loudspeaker (81) of the kind described and
claimed in our co-pending International publication No.
W097/09842 of even date herewith comprising a rectangular

5 frame (1) carrying a resilient suspension (3) round its
inner periphery which supports a distributed mode sound
radiating panel (2). A transducer (9) e.g as described in
detail with reference to our co-pending International
publication Nos. WO097/09859, 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
dimensions x and y, the position of which location is
calculated as described in our co-pending International
publication No. W097/09842 of even date herewith, to launch

15 bending waves into the panel to cause the panel to resonate

to radiate an acoustic output.

The transducer (9) is driven by a signal amplifier

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

by conductors (28). Amplifier loading and ©power

20 requirements can be entirely normal, similar to
conventional cone type speakers, sensitivity being of the
order of 86 .- 88dB/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
25 skins are of metal, they may be made to act as a heat siﬁkl

for the transducer to remove heat from the motor coil of

B e~ -\..i:c..-



I n predeterm ned | ocations as di scussed in our co-pending |International
publication No. W97/09842. CLAI M5 1. A portabl e conpact-disc player
(41), characterised by an opposed pair of panel-form | oudspeakers (81); : .-
attached to the player, and in that each | oudspeaker conprises & nmenber 5;
(2) having capabiitty to sustain and propagate input vibrational energy’ by
bendi ng waves in at |east one operative arkd extending transversely of

t hi ckness to hgégrreso ant node,  vibration conponents distributed gver sai d
at | east one are¥mgd Sr RtV D 46k ePRTLPSAD PHCAKTIBNLS2BRTE t s

wi thin said areg for transducer. neans_ and Q?Vlng a transd&cer gg;ifgggged

wholly and excl gﬁVel§be panel being mount in a‘surroun ing

suspension (3), e.g. of foam rubber, which in turn is
mounted in a lightweight rectangular ‘frame (1) e.g. of
5 plastics. A transducer (9), e.g. of the kind described
with reference to co-pending International publication Nos.
WO097/09859, WO97/09861, WO97/09858 is mounted on each panel
{2) to launch bending waves into the panel to cause the
'panel to resonate to.produce an acoustic¢ output. The
10 transducer (9) are positioned on the respective panels (2)
in predetermined locations as discussed in our said
International application No. (our file P.5711).
Figure 6 and 7 illustrate a portable compact disc
player ({41} of the kind comprising a body (85) carrying a
15 turntable (86), operating buttons (137) and a lid (139)
hinged as shown by arrow ‘D’ to close over the turntable.
The player (41) is provided with an opposed pair of
loudspeakers (81) in the form of thin panelform members
which as shown at (40) may be hinged to the sides of the
20 1id (139) to be movable as indicated by arrow 'E’ from a
closed position (not shown) to the éxtended position shown.
Alternatively as shown at (39) the panelform loudspeakers
(81) may be housed in a slot (not shown) in the lid (139)
and slid as indicated, by arrow 'F’ between extended and
25 retracted posgitions.
Each of the pane;form loudspeakers {39,40) is in the
form of a distributed mode acoustic radiator of the kinﬁk

described above with reference to Pigure 1 and 2. Thus



on sai d neober at one of said locations or sites to vibrate the menber to
cause it to resonate form ng an acoustic radiator which provides an .. ...,
acoustic output when resonating. 15 2. A portabl e conpact-disc player:
accordlng to claim1, characterised by a body portion (85) having a 't
turntable (86) and by a lid (139) adapted tg cl ose over the turntable, and
in that the | oudspeakers (81) are nounted £3 the lid. 20 3. A portable

compact e PLEAEK SSREABRRLCCRUBH e SBT3

Ioudspeakers (8 are

pl ayer accordi ”thi?e&'ﬁk&?nza EEQ&@EEErSE@%?’éEZ? h%hctlBgleng gr';%‘ﬁ‘ﬁerl% e(t%l)

are;,each housed 25 1n a slot in the vement Det ween
a stored poswwﬂ tnénpanwlm ®Bingt hauntbaudap%akﬁfx&oun@r&gsmﬁ&ténaﬂIy
e

whol Iy housed in t slot, and a use position.
sugpension (3), e.g. of foam =rubber,’ which in turn is
5 mounted in a lightweight rectangular frame (1) e.g. of
plastics. A transducer (9), e.g. of the kind described
with reference to our co-pending International publication
Nos. WO97/09859, W0%97/09861, W097/09858 is mounted on each
panel (2} to launch bending w;ves into the panel to cause
10 the panel to resonate to produce an acoustic output. The
transducer (9) are positioned on the respective panels (2)

in predetermined locations as discussed in our co-pending

International publication No. W097/09842.



i n"which the | oudspeakers are positioned on opposite sides 15 of the
lid. 5. A portable conpact-disc player according to any. precedlng

claim characterised—nthat each radiator (2) conprises:a stiff :
Ilghtmelght panel | cellular core 5 (22) sandwi ched by opposed skln

| ayers (lea ,;‘1 ﬁ',i Al e conpact -di sc glayer according to claimS5,
characteri wk nest adi ator (2) is ﬁpported I n a surrounding frame
(1. 7. A poFtébIe conpact di sc player ding to claim6, 10
characterised by a resilient suspension %gﬁﬁﬁiterposed bet ween the franme

and the radiatof.  a portable compact-disc player (41), characterised by

an opposed pair of panel-form loudspeakers {(81) attached to
the playef, and in that each loudspeaker comprises a member
5 (2) having capability to sustain and propagate input
vibrational energy by bending waves in at 1least one
operative area extending transversely of thickness to have
resonant mode vibration components distributed over said at
least one area and have predete?mined preferential

10 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.

15 2. A portable compact-disc player according to claim 1,
characterised by a body portion (85) having a turntable
(86) and by a 1lid (139) adapted to close over the
turntable, and in that the loudspeakers (81) are mounted to
the lid.

20 3. A portable compact-disc player according to claim 2,
characterised in that the loudspeakers (81) are hinged to
the 1id.

4. A portable compact-disc player according to claim 2,
characterised in that the loudspeakers, (81) are each housed

25 din a slot in the 1id (139) for sliding movement between a
stored position, in which the. loudspeakers are
substantially wholly housed in the slot, and a use positién2

in which the loudspeakers are positioned on opposite sides
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of the 1lid.
5. A portable compact-disc player according to any
preceding ¢laim, characterised in that each radiator (2;
comprises'a stiff lightweight panel having a cellular core
{(22) sandwiched by opposed skin layers (21).
6. A portable compact-disc player according to claim 5,
characterised in that the radiator (2) is supported in a
surrounding frame (1). |
7. A portable compact-disc player accordiﬁg to claim 6,
characterised by a resilient suspension (3) interposed

between the frame and the radiator.
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radiator to cause it {0 resonate.

A portable compact-disc player (41), characterised by an opposed
loudspeaker comprises a distributed mode acoustic radiator having a transducer (9) wholly and exchusively mounted thereon to vibrate the
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pair of loudspeakers (81) attached to the player, and in that each




