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PANEL- FORM M CROPHONES 10 . DESCRI PTI ON 15

TECHNI CAL FI ELD The invention relates to mcrophones and nore
particularly to m crophones conprising panel-form acoustic el enents.
BACKGROUND ARWOS(/09862 |t s known from GB-A-2262861 to sufGE&BIP2155 -
panel -f orm | oudspeaker conprising:- a resonant mnulti-node radi ator el enent
being a unitary sandw ch panel fornmed of twe 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 nmass per unit surface area ([err]) of at |east 10;

5 PANEL-FORM MICROPHONES
10 DESCRIPTION
15 TECHNICAL FIELD

The invention relates to microphones and more
particularly to microphones comprising panel-form acoustic
elements. _

ACK AR
20 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
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 (u) of at least 10;

a mounting means which supports the panel or attaches



a nmounting nmeans whi ch supports the panel or attaches 2toit a
supporting body, in a free undanped nanner; and an el ectromechanical drive
means coupl ed to the panel which eF e a multi-nodal resonance
in the radiator panel in respdn @E%%V S ARBEENCll i nput within a 5 working
frequency banVOPHP%he | oudsp 5 EBURE | NVENTI ONPERGEII$ 0P s~ of
the present invention use nenbers of hature, - structure and configuration
achi evabl e generally and/ or specifically by2i npl ementing teachings of our
co- 5 pending PCT publication No. W»X7/09842 of even date herewth.
Such nenbers thu§°hb§eacﬁﬂnnﬂﬂﬁﬂpa bedyusini a EXRP POSSHPSLcMRAREE:

vibrational energy by f gl neqlevwelr%g-mechanical drive means coupled to the

panel which serves to excite a multi-modal resonance in the
radiator panel in response to an electrical input within a

5 working frequency band for the loudspeaker.

DISCLOSURE QF INVENTION

Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by implementing teachings of our co-
5 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
10 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 locatioms
or sites within said area for transducer means,
15 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 application No. (our
20 file P.5711) of even date herewith for such members as or
in'“passive“ acoustic devices without transducer means,
such as for reverberation or for acoustic filtering or for

acoustically "voicing" a space or room; and as or in
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operative area(s) extending transversely of thickness often but not
necessarily to edges of the nher(s),; are 10 __configured with or w thout

ani sotropy of bending stiffnegs S I £ t]' node vi bration conponents
distributed qQver_said area(s) bgﬁgf%giﬁkzﬁgggnﬂiboust ic coug&leg%ﬁ%gg

anbi ent air; YAd7HAER pr edet ern's , =gl | ocati ons | .
within said area for transducer neans, 15 particularly operationally
active or noving part(s) thereof effective3n relation to acoustic

vibrational actiyvity in said area(s) and signals, usually electrical,
cor r espondi ng to"aé'é)éﬂﬁ i BCEBA Eﬁt‘{%‘%icf&cﬂi b‘f’ifﬂ%eraﬁ?e?tfu%sﬁ e

envi saged in co- ' t t. I | ' 0] /. f
even date herem%)?%%?ﬁ?ﬁ!éﬁ ﬁ%ﬂ%eﬁagﬁ%sog?&%%éagg [ \Q/Igunéc%ﬂ\sﬁ?lé sggglﬂégg
W thout transduGgfenTBRiifpl ivdC Reidh fidputeseghglat tenpRr dodkveatodStbCsaid
filtering or for acoustically "voicing" a space or roony and as or in
sound, or in such as microphones when exposed to sound to

5 be convefted into other signals.

This invention is particularly concerned with active
acoustic devices in the form of microphones.

Members as above are herein called distributed mode
acoustic radiators and are intended to be characterised as

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

The invention is a panel-form microphone characterised
by a distributed mode acoustic member and a transducer
coupled wholly and exclusively to the member to preoduce a

15 signal in response to resonance of +the member due to
incident acoustic energy. The member may be mounted in a
surrounding frame by means of an interposed resilient
support.

The panel-form microphone may be at least two said

20 transducers at spaced locations on the member. The panel-
form microphone may comprise a further transducer on the
membexr to produce a signal in response to resonance of the
member due to incident acoustic energy, and by means for
comparing the signal generated Dby the said further

25 transducer with that of those generated by the said
transducer(s).

The comparison means may comprise a signal receiver

and conditioner and signal output means.
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3 *active" acoustic devices with transdu £
w de range of sources of soung A fhen supplied wth input
signals to be converted to safdﬁaeﬁggf h as microphones when
exposed to s é% 5 be convérted = irgnals. This I's
particularlyg“g d with ads=we=acoustic device5||1trma¥%$ﬁ§ i

m crophones. Menbers as above are herein called distributed node acoustic
radi ators and are intended to be characterised as 10 in the above PCT

publ eati on and/or otfhel i3 AbutBECKbAG aLhuBE LY. HEMDOS RAN bINE ERYER | ON

I's a panel - forn1n1cro one aracterlse y a stifft [1ghtwei ght nmenb
havi ng capabi | i tmmmwtl Padell Havapgoat el NiRHY v:bbéakamwlcmbgywb;n
bendi ng waves in

skins.

S, such as in a remarkably

The or each transducer may be a piezo-electric device.
5 RT D RIPTION OF DRAWINI
. The invention is diagrammatically illustrated, by way
of example, in the accompanying drawings, in which:-
Pigure 1 is a diagram showing a distributed-mode
loudspeaker as described and claimed in our co-pending
10 International application No... (our case P.5711);
Pigure 2a is a partial section on the line A-A of
Figure 1;
Pigure 2b is an enlarged cross-~section through a
distributed mode radiator of the kind shown in Figure 23
15 and showing two alternative constructiomns;
Figure 3 is a diagram of an embodiment of distributed-
mode microphone according to the present invention, and
Figure‘ 4 is a perspective view of a wvibration
transducer.
20 BEST MQD R_CARRYI T_THE _
Referxing to Figure 1 of the drawings, there is shown
a panel-form loudspeaker (81) of the kind described and
claimed in our co-pending International application (our
case P.5711) 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) as described in

detail with reference to our co-pending International

This Sheet Has Been Replaced
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15. at least one operative area extendlng transversely of thickness to have
resonant node vi bration conpgrests—gistri-batedqover said at | east one area
and have predeterm ned prefe,enmsaHEqmﬁNSBﬂgﬂ sites within said area for

transducer neans and having # tranBERICACEDDUNt 20 wholly and exclu5|vely
on sai d nenb®0 HM¥e of sai Fs—or—sttes to producPAEHIGHESS | (1
response to resonance of the nenber due to incident acoustic energy. The
menber nmay be nounted in a surrounding fra® by means of an interposed

hosi 11 oned at "t AEPSEAFTM(Bre Gaass dir 4683/Adabept  THED BAER BRESHEVe
cel lular core Sg@%&@@éﬁ RRLIES afi! Pe1udiyely SACH: LAV EEhe TBY2 PSR

pi ezo-el ectric device
a predetermined location defined by dimensions x and y, the

]

position of which location is calculated as described in
* 5 our co-pending International application (our case P.5711)
of even date herewith, to launch bending waves into the
panel to cause the panel to resonate to radiate an acoustic
output. The transducer (%) is driven by a signal amplifier
{10), e.g. an audio amplifier, connected to the transducer

10 by conductors (28).

Amplifier loading and power reguirements can be
entirely normal, similar to conventional c¢one type
speakers, sensitivity being of the order of 86 - 884dB/watt
under room loaded conditions. Amplifier load impedance is

15 largely resistive at €& ohms, power handling 20-80 watts.
Where the panel core and/or skins are of metal, they may be
made to act as a heat sink for the transducer to remove
heat from the motor coil of the transducer and thus improve
power handling.

20 Figures 2a and 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 Jjoints
(20). BSuitable materials for the frame include lightweight

’ 25 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 joints (20) include

heet Has Been Replaced
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4 BRI EF, DESCRI PTI ON OF DRAW NGS The invention is diagrammtically
Illustrated, by way of exanple, in the acconpanying draw ngs, in which:-
Figure 1 is a diagram showi ng a distributed-node 5 | oudspeaker as descri bed
and clained in our co-pending International publication No. W97/09842;
Figure 2a is WO(0P863| section on the line A-A of Figure 1; BGTeR960255| s an
enl arged cross-section through a 10 distributed node radi ator of the kind
shown in Figure 2a and showing two alternati®&e constructions; Figure 3 is a

di agram of an enbodi nent of gistributed- nndﬁ nicrgghon according to the
present inventi ofP°XNd BFEUIEC ARY IR EFEILAYE GFew WPV Pirati on 15

transducer. BEST NCDEgiEgEéC££¥§ﬂfﬁéégggéLHEtbh&ﬁ“&ﬁf!%ged 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
5 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,
plastics or metal foil or sheet. Where the skins are of
10 p;astics, they may be reinforced with £fibres e.g. of
carbon, glass, Kevlar or the like in a manner known per se
to increase their modulus.
Envisaged skin layer materials and reinforcements thus
include carbon, glass, Xevlar (RTM), Nomex (RTM) i.e.
15 aramid etc. fibres in various lays and weaves, as well as
paper, bonded paper laminates, melamine, and various
synthetic plastics films of high modulus, such as Mylar
(RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or
related plastics, and fibre reinforced plastics, etc. and
20 metal sheet or foil. Investigation of the Vectra grade of
liguid crystal polymer thermoplastics shows that they may
be useful for the injection moulding of ultra thin skins or
shells of smaller size, say up to around 30cm diameter.
This material self forms an orientated crystal structure in
25 the direction of injection, a preferred orientation for the
good propagation of treble energy from the driving point to
the panel perimeter. |

Additional such moulding for this and other



Referring to Figure 1 of the drawi ngs, there is shown a panel-form

| oudspeaker (81) of the kind described and clained in our co-pending

I nternational publication No. W97/09842 of even date herewith conprising a
rectangular 5 franme (1) carrying a resilient suspension (3) round its

i nner peri ph&YQ9@B@h supports a distributed nmode sound radP@FRY/WBel -
(2). A transducer (9) as described in detail with reference to our

co- pendi ng | nternati onal publ i cation Nos? W97/09859, WO7/09861,

W97/ 09858 of even date herewith, is mounted wholly and exclusively on or
in the panel (Zhexmonlantdest catdonsl fogcathen RRFithedopding mditsi 6AFTY and

v, the position of ich lqQcatipon is b al cul ated gs descri bed i n qur
co- pendi ng | nt ertRfd aﬂ%bFF‘éh??‘E?rF‘r%‘. %93 BFB8SHICH RS FERACTRR émnéﬁ'gﬁft h,

to launch for the accurate location of transducer parts e.g. the
motor coil, and the magnet suspension. Additional with

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

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

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

15 and various synthetic plastics films, as well as expanded
or foamed plastics or pulp materials, even aerogel metals
if of suitably low density. Some suitable core layer
materials effectively exhibit usable self-skinning in their
manufacture and/or otherwise have enough inherent stiffness

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

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

Several of the preferred formulations for the panel



bendi ng, waves into the panel to cause the panel to resonate to radiate an
acoustic out put. The transducer (9) is driven by a signal anplifier
(10), e.g. an audio anplifier, 10 connected to the transducer by conductors
(28). Amplifier |loading and power requirenents can be entirely norpal.
simlar to coWPNPP¥hal cone type speakers, sensitivity bei i 5* RES%r der
of 86 - 88dB/watt under room | oaded conditions. Amplifier |oad |npedance S
15 largely resistive at 6 ohns, power handl Bng 20-80 watts. Wiere the panel

COLe 20 o oK1 g8 ol and RCIP A PETgRLS, 26k B AR B4 o
thus | mprove Pough=haRCldiie 2Detntorediaiisl.co %%tﬁndo@b igkear dhdl d1gei cal

Cross-sections rou t he Ioudspe of Figure 1. Figlre 2a shows

that the frane (éésxgﬂé A ah321 08¢ ARlel(Sr mdtalC BoRegtosibt OGed harilhy
respecti ve adhesi ve-bonded joints
have substantial radio frequency screening properties which
5 should be important in several ' EMC applications.
Conventiocnal panel or cone type speakers have no inherent
EMC screening capability.
In addition the preferred form of piezo and electro
dynamic transducers have negligible electromagnetic
10 radiation or stray magnet fields. Conventional speakers
have a large magnetic field, up to 1 metre distant unless
specific compensation counter measures are taken.
Where it is important to maintain the screening in an
application, electrical connection can be made tb the
15 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)
t0 prevent excessive edge ‘movement of the panel.
20 Additionally or alternatively, further damping may be
applied, e.g. as patches, bonded to the panel in selected
positions to damp excessive movement to distribute
reéonance equally over the panel. The patches may be of
bitumen-based material, as commonly used in conventional
25 loudspeaker enclosures or may be of a resilient or rigid
polymeric sheet material. ©Some materials, notably paper
and card, and some cores maf' be self-damping. Where

desired, the damping may be increased in the construction



(20). Suitable materials for the franme include |Iightweight 25 fram ng, e.g.
pi cture fram ng of extruded netal e.g. alumniumalloy or plastics.
Sui tabl e surround materials include resilient materials such as foam rubber

and foam pl a SU|tabIe adhesives for the joints (20) in
97/ 09862 WO Siisnds PCT/ GB96/ ozﬁ‘g’é‘gg"‘(é’ﬁﬁy,

acrylic and cyano-acrylate etc. adhesives. Figure 2h illustrates, to an
enl arged scale, that the panel (2) is a ridid Ilghtmelght panel having a

22) e.q. t f ked
pol yui nyl i or i §5 SpecPieTy B, ofgtar R Sepki ity Syt Teper,chpn
netal foil, plasyiggy Qétibﬁgldéﬁ%sfvésh the cells extendlng transversely to
t he pl ane of the panel

. Effectlve said selective damping includes specific

application to the panel including its sheet material of

5 means permanently associated therewith. Edges and corners

can be particularly significant for dominant and less

dispersed low frequency vibration modes of pénéls hereof.

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

panel with its said sheet material fully framed, though

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

extension to lower frequency operation. Attachment can be

by adhesive or self-adhesive materials. Other forms of

useful damping, particularly in terms of more subtle

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

15 suitable mass or masses affixed to the sheet material at

predetermined effective medial localised positions of said
area.

A panel as described above is a good receiver of sound

which appears as acoustic vibration over the panel. A

20 preferably lightweight panel structure aids sensitivity and

the vibration may be sensed by one and preferably more

simple bending transducers e.g. of the piezo variety as

described in Pigure 4 below. A plurality'of transducers

and transducer placement positions optimises the quality of

25 coupling from the distributed panel vibrations to the

desired electrical output signal. Placement should be in

position{s) of high modal density, inboard@ of the panel;

while the panel itself should have the preferred actual or



and encl osed by opposed skins (21) e.g. of paper, card, plastics or netal
foil or sheet. \Were the skins are of 10 plastics, they nmay be reinforced
with fibres e.g. of carbon, glass, Kevlar or the like in a nmanner known pgr
se to increase their nodulus. Envisaged skin |layer materials and

r ei nf or cenent WORA62 nc| ude carbon, glass, Kevlar (RTM), NoRGU/GHMST o
15 aramd etc. fibres in various Iays and weaves, as well as paper, bonded
paper |am nates, nelamine, and various synt¥tic plastics films of high

ggtjylagfersgfhrglsﬁ lar é‘g{fﬂ\% ome %a%" N&% 'R?%%l%a%tb% 2{“11:3‘ hegflcl Cand 20
metal sheet or foil. ﬂ@# rixﬁfidfe%% XECTthE ?Eﬁgfogétﬁbmﬁéﬁ %Rl

pol yrer thernDpIastlcs S e use e I njection
moul di ng of ultrarédi Ehoﬁlé' nﬁﬁaﬁhﬁi I's %xﬁrmalﬂb&rat&bae mayAYbelD se@sad oy

30cmdianeter. This material self forns an orientated .crystal structure in
optical or electrodynanic v1bration transducers and the
5 result is a microphone. Por non-critical applications a
single sensor is effective, placed at an equivalent,
optimised driving point.
For superior guality the non reciprocal nature of the
transduction principle must be considered. Two factors are

10 pertinent; firstly, some frequency dependent eqgualisation
to reach a flat frequency response, and secondly, the need
to capture a broader sampling of the complex vibrations of
the acoustic panel. A minimum of three transducers is

-indicated;'they may be inexpensive piezo electric benders

15 with their outputs connected in parallel. Alternatively
larger area polymer piezo films may be applied, with
suitable geometric pickup patterning to define the
vibration integration areas for the required optimisation
of sensitivity versus frequency response.

20 For microphone applications it is advantageous that
the panel be light to provide the best match between the
radiation impedance of the air and the panel. Higher
sensitivity is achieved with lower mass panels. For a
single transducer the calculations for the theoretical

25 model indicates an optimal location at a panel corner since
all vibrational modes are ‘voiced’ at the corners.

Figure 3 illustrates a distributed mode panel (2)

according to the present invention e.g. of the kind shown



25 .the direction of injection, a preferred orientation for the good
propagation of treble energy fromthe driving point to the panel perineter.
Addi ti onal such moulding for "this and other WO 97/ 09862

PCT/ GB96/ 02155 7 thernopl astics allows for the mould tooling to carr

| ocation and VOS2t on features such as grooves or rings MCO{CEPH{ERISS -
accurate location of transducer parts e.g. the notor coil, and-the nagnet
suspensi on. Addi tional with 5 sone weakerlkore materials it is calcul ated

o D 050 % LIS ea30 HSkas  ho kGRS 48 5,
that area and beﬁf@f&iﬁﬂﬂéﬁ‘“ﬂﬂ%ﬂ%ugh not shown in the drawing, the panel
(2) is mounted in a surrounding frame (1) and is attached
to the frame yia a resilient suspension (3) in the manner
' 5 shown in Figures 1 and 2. The frame is suspended on a pair
of wires (33), e.g. from a ceiling or on a floor standing
frame (not shown).
The panel carries an array of four wvibration
transducers (63) spaced over the panel and which may be
10 piezo-electric transducers of the kind shown in Figure 4
below which are coupled in parallel to drive a sigmnal
receiver and conditioner (65) connected to an output (66).
Figure 4 shows a transducer (9) for a distributed mode
pranel (2) in the form of a crystalline disc~like piezo
15 bender (27) mounted on a disc (118), e.g. of brass, which
is bonded to a face of the panel (2), e.g. by an adhesive
bond (20). 1In operation an acoustic signal applied to the
transducer (9) wia leads (28) will cause the piezo disec
(27) to bend and thus locally resiliently deform the panel
20 (2) to launch bending waves into the panel.



vipration energy into the panel. H gh frequency response 10 wll be

I mproved with the softer foamnmaterials by this neans. Envi saged core | ayer "
material s include fabricated ations of alum nium all oy
sheet or foil, or Keviar (RTM|, VE, ajjn or bonded ers, 15 and
vari ous synt W@ P¥986%stics fil AREDS nded or foﬁﬁ@& PYBA%S cs or
pulp materials, even aerogel IT of SU|tany | ow density. Some

suitable core |layer materials effectively aghibit usable self-skinning in
t heir manufacture and/ or otherw se have enough i nherent stiffness 20 for
use without |amination between skin | ayeC&&AIMSA hi gh performance cellul ar

i abl e as a t g o o pBARET e4E ntRRRnPRS ehaTR it ssa Y # g ¥Rk By pea
ternms, the aim ingggedra HheRie ﬂeknbhkgphgeas &a%sahbreinﬁaapfw@ﬂoipy PP

partlcular pur pose, specifically 1nc ing optims
exclusively to the member to produce a signal in response

$ to resonance of the member due to incident acoustic energy.’
2. A panel-form nicrophone according to c¢laim 1,
characterised in that the member is mounted in a
surrounding frame by means of an interposed resilient
support.

10 3. A panel-form microphone according to claim 1 or claim
2, characterised by at least two said transducers at spaced
locations on the member.

4. A panel-form microphone according to any preceding
claim, characterised in that the member is a stiff

15 lightweight panel having a cellular core sandwiched between

skins.

5. A panel-form microphone according to any preceding
claim, characterised in that the or each transducer is a
piezo-electric device.

This Sheet Has Been Replaced’
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contributions fromcore and skin |layers and transitions between them

Several of the preferred fornulations for the panel WO 97/ 09862
PCT/ GB96/ 02155 enpl oy netal and netal alloy skins, or alternatively a
carbon fibre reinforcenent. Both of these, and also designs wt

h_an
al 1 oy Aerogel WO*"M¥%1 nhoneyconb core, will have substanti aPCrA#Py2Ess -
frequency screening properties which 5 should be inportant in several
EMC applications. Conventional panel or cone type speakers have no
i nherent EMC screening capability. In aq /s ion the preferred formof piezo
and el ectro dynam c transducers have egligible electromagnetic 10
radi ati on or stray magnet fields. Conventional speakers
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have -a targe magnetic field, up to 1 netre distant unless specific
conpensati on counter neasures are taken. Wiere it is inportant to maintain
the screening in an application, electrical connection can be nmade to the
15 conductive parts.of an appropriate DML panel or an electricall’

conducti ve fé’ﬁ?r?"dﬁ”@i mlar interface nay be used for the edﬁ‘é‘"ﬁ%ﬁ?ﬁﬁg.'The
suspension (3) may danp the edges of the panel (2) to prevent excessive
edge novenent of the panel. 20 Additionally or alternatively, further
danpi ng may be applied, e.g. as patches onded to the panel in selected
positions to danp excessive novenent toz tri bute resonance equally over
the panel. The patches nay be of bitunen-based nmaterial, as commonly used
in conventional 25 |oudspeaker enclosures or may be of a resilient or rigid

polymeric sheet material. Sone materials, notably paper and card, and sone
core$ may be sel f-danpi ng. VWher e
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desiréd,”  the danping may be increased in the construction WO 91/ 09682
PCT/ (B96/ 02155 9 of the panels by enploying resiliently setting, rather
than rigid setting adhesives. Effective said selective danping includes
speci fic appl i % ,t0 the panel including its sheet material of 5 neans
permanent|ly associated therewi th. Edges and corners can be RGTVGRIGIOASSyY -
significant for dom nant and | ess dispersed | ow frequency vibration nodes
of panel s hereof. Edge-w se fixing of danmping nmeans can usefully lead to a
panel with its said sheet material fully,fgamed, though 10 their corners
can often be relatively free, say for de%/Zed extension to | ower frequency
operation. Attachnent can be :
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Fig.3
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by -adhesi ve or self-adhesive materi al s. O her forns of useful danping,
particularly in terns of nore subtle effects and/or m d- and higher
frequenci es can be by way of 15 suitable nass or nmasses affixed to the
sheet material at fr edeterm ned effective nedial |ocalised positions of
said area. A W20988% descri bed above is a good receiver of PCTIGRIC/AUSSCh -
appears as acoustic vibration over the panel. A 20 preferably Iightweight
panel structure aids sensitivity and the vibration nay be sensed by one and
preferably nore sinple bending transduc e.g. of the piezo variety as
described in Pigure 4 below.- A plurali mf transducers and transducer

pl acenment positions optimses the quality of 25 coupling fromthe

di stributed panel vibrations to the desired el ectrical output signal.

Pl acement should be in position(s) of high nodal density, inboard of the
panet, while the panel itself should have the preferred actual or

-
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WD 97/ 09862

equi-val ent geonetry for good nodal di st.ribution. Sound energy incident om -:--
the panel is converted into free node vibration. b TB ,
sensed by optical”. 8f el ectrodynami ¢ vibration transducers -and the.5-wesubt -

PCT/ GB96/ 02155 10

I's a mcrophone. For non-critical applica@ions a single sensor is

effecti ve,

quality the n

p

gced at an_e

I |
&t Eor  PBpBPt kifarBogy T ", ERefubtntioBl: RenprE: et be

T A L N
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radiator ﬁanel in response to an electrical input within a
working frequency band for the loudspeaker.
DISCLOSQﬁE OF INVENTION

Embodiments of the present invention use members of
nature, structure and configuration achievable generally
and/or specifically by iﬁplementing teachings of our co-
pending PCT publication No. W097/09842 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 of;en
but not hecessarily to edges of the member(s); are
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,
particularly operationally active or moving part(sj thereof
efféétive 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.
WO97/09842 of even date herewith for such members as or in
"passive" acoustic deviceg without transducer means, such
as for reverberation or for acoustic filtering or for

acoustically "voicing" a space or room; and as or in
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the acoustic panel. A mini mum of three transducers is i ndi-cated; they may
be inexpensive piezo electric benders 15 with t-heir outputs connected e e

parallel. Alternatively larger area polynmer piezo filnms may be- applled
with suitable geonetric pickup patterning to define the vi-bration- -:
integration areas for the required optimsation of sensitivity versus

frequency reSpQB%@veaoacoustlgocﬂeﬂE%QRﬁ)ﬂ? R R Ad O drs | SudfVagt pgeous
that the panel be light to provide t

i npedance of ahfefatkablytheddanlge ofisti@ce CBE kbMhlYolkS186asBYEKe Mt N

e best match between tHe radiation

| ower mass panel s. For a single transducer the calculations for the

t heoreti cal

ki nd shown
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26hendelppldiedatveistiani mpi t Ml ghatat tonbel domaneled otaesasance
all vibrational nobdes are 'voiced at the corners. Figure 3 illustrates a
di stri buted nedunganelr (2) sachord mg cxwphvngs edmnt expasdd oro esqunadf to he

be converted into other signals.

This invention is particularly concerned with active
acoustic devices in the form of microphones.

Members as above ére herein called distributed mode
acoustic radiators and are intendéd to be characterised as
in the above PCT publication and/or otherwise as
specifically provided herein.

The invention is a panel-form microphone characterised
by a stiff lightweight 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 léast one area and have
predetefmined 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 produce a signal in response to
resonance of the member due to incident acoustic energy.
The member may be mounted in a surrounding frame by means
of an interposed resilient support. Two or more of the
said transducers may be ppsitionai at the locations or
sites on the member. The_member may have a cellular core
sandwiched between skins. The or.each transducer may be a

piezo-electric device.
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WO 97/ 09862 . PCT/ GB96/ 02155 11 in
Figures-1 and 2, intended for use as a sound receiver or n1crophone .
Al though not shown in the drawi ng, the panel (2) is nounted in.a. % .7..
surroundi ng frame. {1)>and is attached to the frame via a resilient i, .,
suspension (3) in the manner 5 shomn I n ﬁ’gures 1 and 2. The frame is
suspended on a pair of wire Qe on a floor

standi ng frane (not shown). four vibration

transducers of thetlr §n9§§3h5?ﬁlEqaﬁé%ﬁﬁﬂ%*?%ﬁgﬁﬂf hPﬁ?%QE%Q%?eﬁbe'ECtr'c
paral Iel to dafvsxamgnenahnreﬁslxeeo o986 4E802hqkO5LnogRgeRLed Lo an

out put (66). Figure shows a transd |étr|bu nmode
Figure 1 is a dlagram showing a distributed-mode

5 loudspeaker as described and claimed in our co-pending
International puﬁlication No. W097/09842;
Figure 2a is a partial section on the line A-A of
Figure 1; | |
Figure 2b is an enlarged cross-section through a
10 distributed mode radiator of the kind shown in Figure 2a
and showing two alternative constructions:
Figure 3 is a diagram of an embodiment of distributed-
mode microphone according to the present invention, and
Figure 4 1is a perspective view of a vibration
15 transducer. |
BEST MODES FOR CARRYING QUT THE INVENTION
Referring to Figure 1 of the drawings, there is shown
a panel-form loudspeaker (81) of the kind described and
claimed in our co-pending International publication No.
W097/09842 of even date herewith comprising a rectangular
5 framé (1) carrying a resilient suspension (3) round its
inner periphery which supports a distributed mode sound
radiating panel (2). A transducer (9) as described in

detail with reference to our co-pending International

AMENDED SHEET
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panel (2) in the formof a crystalline disc-like piezo 15 bender (27)
nmounted on a di-sc (118), e.g. of brass, which is bonded to a face of- the-
panel (2), e.g. by an adhesive bond (20). In operation an acoustic Signak. -
applied to the transducer (9) via leads (28) w |l cause the piezo dissc («27)
to bend and thus locally resiliently deformthe panel 20 (2) to | aunch

bendi ng mvesp%ﬂi?cBQEPpaﬁcﬁ% ; 709 %ﬁnﬂéd rfb'vgﬁo%-gz/09%6&‘%”%9926'6‘8@8‘39??%9&?

characteri sed by a sti r ) "havi‘'ng capabilit

sustain and pgopgdakeeckARY! YisPrauin@Ral aRANGY 4Nk RERdi I VBMeSod NoAtip
| east one operative area extending transversély of thickness to have

resonant nodetlbbrgdhén C@WPORNtE predetermined location defined by
dimensions x and y, the position of which location is

5 calculated as described in our co-pending International
publication No. W097/09842 of even date herewith, to launch

bending waves into the pénel to cause the panel to resonate

to radiate an acoustié output. The transducer (9) is

déiven by a signél amplifier (10), e.g. an audio amplifier,

10 connected to the transducer by conductors (28).

Amplifier loading and power requirements can be
entirely normal, similar to coanventional cone type
speakers, sensitivity being of the brder of 86 - 88dB/watt
under room loaded conditions. Amplifier load impedance is

15 largely resistive at 6 ohms, power handling 20-80 watts.
Where the panel core and/or skins are of metal, they may be
made to act as a heat sink for the transducer to remove
heat from the motor coil of the transducer and thus improve
power handling.

20 Figures 2a and 2b are partial typical cross-sections
thrdﬁgh the loudspeaker (81) of FPigure 1. Figure 2a shows
that the frame (1), surround (3) and panel (2) are
connected together by respective adhesive-bonded joints
(20). Suitable materials for the frame include lightweight

25 framing, e.g. picture framing of extruded metal e.g.
aluminium alloy or plastics. Suitable surround materials
include resilient materials such as foam rubber and foam-

plastics. Suitable adhesives for’the joints (20) include
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distributed over said at | east one area and have predeterm ned preferential
sites within said area for transducer neans (9, 63) and haV|ng
10 (9,63) nounted whol 'y and exclusively on said menber -at-.
ocations or sites to produce a signal in response to resonance

| ocati ons or
a transducer
one of said |
of the nenber

m crophone according to claim 1, characterised in that the nenber (2)

due to incident acoustic enk?gy. 2. A panel -form

is mounted in a 15 surroundlng frame (48ABMS neans of an interposed

resilient sup

claim 2, char
Iocatlons or
according to
a cellul ar c

m cr ophone ac or
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gg[ter e%Plb%/l ¥°¥f5a§fthw1g%9d Fhéﬁéﬁa@éﬂsqeég BY) &t Seikf

%ﬁéﬁﬁvsz:% R, B aphuios S BhOSRBIBER 5% has

%%%%t?gggﬁgﬁgﬁggggkwgﬁgls5hg§ggz£& ﬁ%ndlﬁ%lﬁgv%sfergt
least one operative area extending transversely of
thickness to have resonant mode vibration components
distributed over said at 1least one area and have
predetermined preferentiai locations or sites within said
area for transducer means (9,63).and having a transducer
(92,63) mounted wholly and exclusively on said member at one
of said locations or sites to'produce a signal in response
té resonance of the member due to incident acoustic energy.
2. A panel-form microphone according to claim 1,
characterised in that the member (2) is mounted in a
surrounding frame (1) by.means of an interposed resilient
support (3). |

3. A panel-form microphone according to claim 1 or claim
2, characterised by at least two said transducers (9,63) at
said locations or sites on the member.

4. A panel-form microphone according to any preceding
claiﬁ, characterised in that the member (2) has a cellular
core (22) sandwiched bhetween skins (21). |
5. A panel-form microphone according to any preceding

claim, characterised in that the or each transducer (9,63)

is a piezo-electric device.
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anel -form m crophone according to claim1 or
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claim characterised in that the or
pi ezo-el ectric device.
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