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co- pendi ng PCT application no. GB96/02145 i ncl udes general teaching
as to nature, structure and configuration 10 of acoustic panel nenbers
havi ng capability to sustain and propagat e input vibrational energy
t hrough bendi ng waves in acoustically operative area(s) extending
transversely of t hi ckness usually (if not necessarily) to edges of
t he menber (s). Specific teaching includes anal yses of various 15
specific panel configurations with or without directional

ani sotropy of bending stif t hr acrqQss._said area(s) SO0 as
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area(s) beneficially for acoustic coupling with anbient air; and
as to having determ nable prefer- 20 ential location(s) wthin said
area(s) for acoustic trans- ducer neans, particularly operationally
active or noving part(s) thereof effective in relation to acoustic
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FIELD OF THE INVENTION
This invention relates to acoustic devices capable of
5 acoustic action by bending waves and typically (but not
exclusively) for use in or as loudspeakers.

BACKGROUND TO THE INVENTION
Our co-pending PCT application no. GB96/02145 includes
general teaching as to nature, structure and configuration
10 of acoustic panel members having capability to sustain and
propagate input vibrational energy through bending waves in
acoustically operative area(s) extending transversely of
thickness usually (if not necessarily) to edges of the
member(s). Specific teaching includes analyses of various
15 specific panel configurations with or without directional
anisotropy of bending stiffness through/across said area(s)
so as to have resonant mode vibration components distrib-~
uted over said area(s) beneficially for acoustic coupling
with ambient air; and as to having determinable prefer-
20 ential location(s) within said area(s) for acoustic trans-
ducer means, particularly operationally active or moving
part(s) thereof effective in relation to acoustic vibra-
tional activity in said area(s) and related signals,
usually electrical, corresponding to acoustic content of
25 such vibrational activity. Uses are also envisaged in that



usual ly electrical, corresponding to acoustic content of 25 such
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2 PCT application for such nenbers as or in "passive"

acoustic devices, i.e. wthout transducer neans, such as - for
reverberation or for acoustic filtering gr for acoust- ically
"voi cing" a space or room and as or in "active" 5 acoustic devices
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invention.
This invention arises particularly in relation to
20 active acoustic devices in the form of loudspeakers using
panel members to perform generally as above (and as may be
called distributed mode acoustic radiators/resonant panels
later herein), but further particularly achieve satisfact-
ory combination .of pistonic action with bending wave
25 action. However, more general or wider aspects of
invention arise, as will become apparent.

SUMMARY OF THE INVENTION
From a first viewpoint, this invention concerns active
acoustic devices relying on bending wave action in panel
30 members, particularly providing effective placement(s) for
bending wave transducer means different from specific
teachings of the above PCT and UK patent applications, i.e.
other than at location(s) arising from analysis and prefer-
ence in that PCT application, even including at centre(s)



teachi ngs of the above PCT and UK patent applications, i.e ot her
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and/ or geonetry rather than off-set therefrom From a second
vi ewpoint, this invention concerns 3 acoustic devices relying on
bendi ng wave action in panel menbers, particularly providing
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pat ent member(s) intrinsically affording areal distribution of
resonant mode vibration components effective for acoustic
20 performance generally comparable or akin to the above PCT

and UK applications, essentially, relying on simple
excitement of such intrinsically areally distributed
acoustic Dbending wave action for successful acoustic
operation; rather than in any way resembling merely piece-
25 meal provisions for altering intendedly other acoustic
action in panel nmnember(s) for which such intrinsic
distributed resonant mode action is not even a design
requirement indeed, usually where other particular
structural etc provisions are made to serve different
30 frequency ranges and/or selectively suppress or specific-
ally produce/superpose vibrations in a panel member that is
not intrinsiéally effective as in above PCT and UK patent
applications or herein, typically being inherently unsuit-

able as a matter of geometry and/or location of transducer
35 means.



applications or herein, typically being inherently unsuit- abl e as

a matter ry and/or |ocation of transducer 35 .
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4 Ef fective inventive nethod and neans hereof involve

areal distribution of variation in stiffness over at |east area(s)
of such panel nenber(s) that are acoustigcally active in relation
to bendi ng wave action and desired 5 acoustic operation. As w ||
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20 Specific teaching of the above PCT application extends
to panel member(s) having different bending stiffness(es)
in different directions across intendedly acoustically
active area(s) that may be all or less than all of area(s)
of the panel member(s), typically in or resolvable to two

25 coordinate related directions, and substantially constant
therealong. 1In contrast, advantageous panel member(s) of
embodiment(s) hereof have variation of bending stiff-
ness(es) along some direction(s) across said area(s) that
is/are irresolvable to constancy in normal coordinate or

30 any direction(s).

Areal variation of bending stiffness is, of course,
readily achieved by variation of thickness of acoustic
panel members, but other ©possibilities arise, say
concerning thickness and/or density and/or tensile strength

35 of skins of sandwich-type structures and/or reinforcements



panel nmenbers, but oOther possibilities arise, say concer ni ng
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nmonol ithic structures usually of conposite material (s) type.
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two groups or strands of inventive aspects implementing
20 above one viewpoint.

One group/strand is as already foreshadowed,
specifically providing more convenient location(s) for
transducer means in acoustically active panel members or
areas_therebf having configurations or geometries known to

25 be favourable in isotropic or anisotropic implementations
of teachings of above PCT and UK patent applications,
effectively by displacing what are now called "natural"
locations for transducer means (in accordance with these
patent applications), +to different 1locations hereof,

30 specifically by either or both of relatively greater and
lesser bending stiffnesses to one side and to the other
side, respecfively, of such natural location(s). Region(s)
of greater bending stiffness serve(s) effectively to shift
such natural location(s) away from such region(s),

35 typically from said one side towards said other side and



of greater bending stiffness serve(s) effectively to shift such
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i.e. allowing such higher frequency resonant mode distrib-

20 ution of vibration past and beyond the partial sub-geometry
definition.

As to readily achieving required or desired areal
variation of bending stiffness panel member(s) can have at
least core layer(s) first made as substantially uniformly

25 isotropic or anisotropic structure(s), say as used for
above PCT and UK applications, including sandwich
structure(s) having skin layers over core layer(s).
Variation(s) of thickness can then be readily imposed to
achieve desired areal distribution of stiffness(es). For

30 deformable material(s), such as foam(s), such variation of
thickness is achievable by selective compression or
crushing to achieve desired contouring, say by controlled
heating and application of pressure, typically to any
desired profile and feasibly done even after application of

35 any skin layers (depending on stretch capability of such



heati ng and application of pressure, typically to any desired
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20 unbalanced air pressure effects.

Centre of mass is, of course, readily relocated,
typically to geometric centre, by selective addition of
mass(es) to panel member(s) concerned, preferably without
unacceptable effects on desired areal distribution of

25 stiffness, e.g. masses also small enough not unacceptably
to affect 1lower frequency bending wave action and
effectively decoupled from higher frequency acoustic
action(s), say small weight(s) suitably semi-compliantly
mounted in hole(s) in the panel also small enough not

30 unacceptably to affect acoustic action(s).

Increasing stiffness in one direction away from or to
one side of the ’‘natural’ location(s) for +transducer
location means 1location(s) of +the above PCT and UK
applications, or decreasing stiffness in a generally

35 opposite direction or to other side, will result in



applications, or decreasing stiffness in a generally 35 opposite

other side, wll result in WO 98/ 39947
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one side, which can advantageously be towards geonetric centre.
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capabl e of a@SE§FP§iBEn£%gS%§§n§§F| FRMi DE CABLEXD@S oFO reSUltibmg

bendisng st i féaﬁesﬁeshgogeftl ’lc'lﬁeacguﬁbncainbrhbé?:t | ¢@ndehing, . mémam& in
ent a e 0 3

hoometrican ERRPFERS! pRA! L AskénBhantB tkhRsdystictnesd TR S1G0 (&5 the

acoustic trapadatermamhas ahét her feloplng upbeddicrpased ahicknessfor

pi stonic acteg f?ﬁe}ﬁr bgw £8Y nhave a, bSu%BfE %&gta'l"il yxfnolfé’f ”C'%&{y‘t

often and bene I cla poin
there are twbhhakaess 2§ the Pﬂﬁﬁéhmﬁm@@ﬁ dlstrlbutlons of stlffness(es)

Ovelrl(ﬁ panel Aadl&Eahfanlgaarbaleeaah@%%dgor al’ qd%tv&.chl 2 S &f‘e
anal ogous to centre of nMasSS iS Uus y eferm ne

putting firsf anﬁﬁﬁ éh%t???n8§§Wﬂ{ d (3R SPRM 10 a paqg%uﬂpmber

cor r espondi ngapebhegbf sa¢bisiess Kewd ey m&we:addterbﬂﬁnth a dmg}lcfrmﬂ&i@n of
stiffness); h r.se irst_nonment
o he reC|prgc§Fﬁ&Pﬁé s??f@ﬂeb@%%s% over its g%?%%g %kﬁl%%d%%e
correspondi n§hes hEakmed® gense Cent#%ﬂv%@im¢h@58t€ééYh®n@h1Qﬁnﬁmﬂidfow

centre” of shhkkngs8)Yor geometri@alpééﬁtrer6¥ﬁ¥Ké% piddn ﬂéﬁﬁéPP'T
ani sot r opy PCT. |ca '0”

pe i cal | a in "said
t hese EOHSgFBHéF)"h?gh"a%ﬁﬁ5¥+5mf E%éﬁ%ggeﬁf TE3R$ nesenet eFar S
meani ngf ul i benflahgcwavexa¢tior artfat |pisoomie dettion or forfwethermay

normal Iy al sgecehRetdhRdath i Ns68BE Rc2heMRSS 0310 ana beneficially so.
It is noted at this point that there are two ways in

20 which areal distributions of stiffness(es) over a panel
member can be considered or treated as centred, one
analogous to how centre of mass is usually determined, i.e.

as putting first moment of stiffness to zero, thus in a

sense corresponding to high stiffness (so herein called

25 "high' centre" of stiffness); the other . in an inverse
manner, putting first moment of the reciprocal of stiffness

to zero, thus in another sense corresponding to weakness or

low stiffness (so herein called "low centre" of stiffness).

In panel members with isotropy or anisotropy as

30 specifically analysed in said PCT application, these
notional "high“ and "low" centres of stiffness (so far as
meaningful in that context) are actually coincident,

further normally also coinciding with centre of mass and

with geometrical centre; but, for a panel member with

35 stiffness distribution as herein, these notional "high" and



with geonetrical centre; but, for a panel nenber with 35 stiffness

di stri but Wen9gB3994¥er ei n, t hese notional "high" and PCTVEBBA0E04 7
PCT/ GB98/ 00621 9 "l ow'
centres of stiffness are characteristically spaced apart and
typically further also fromcentre of mass and/or geonetric centre.
Reverting to effective or notional shiftang (by 5 benefi ci al
distributions of stiffness(es) hereof) of practically effective

| ocati on(s)"Yaw" beadtrgswafe stifbness are ¢hmdteeistﬁaa$lyf rspaced

| ocat i on( s) r o) r | CT
and UK paterﬁggatgp |ca%lnéﬂf§ ﬁ&tl%erdalf‘? eren‘{ml ocatf%kgn(é ere?)‘?)/,%{uch
shifting cgeangetric gertuely be viewed as towards said "low cent re"
of stifigeservdagh EBOUééfEB‘&ine 65:0”ao%§'6%a‘1' I @Gliied] RS

desired notional shiftin or. away from sail centre of

stiPfness tppReHRGiRdef QEFP-'&PP&‘“G’% 1S tsgiffness?eﬁrugleg,eaf ) d&dfi g
reference pesdti®allyoeffpetive flg:daﬁtlon(s)vafd)ﬁt beAdingf wakendiction

tiff ' t di

i stribut i ranedaset ueArs | Chfep tocat1oRiR) HeFGHIGEIBY Mkterzad ¢ o,
such "l ow cleeamle:(BQS/analyses ofecs@a(ds)PGﬂr aed eUKmpatients a prdricertied s
typically V‘édéffdlfferen%t | figjes )s | NGLLASLAP, 1 Og ﬁbﬁf e’sﬁﬁfftigig““tc%rﬂ“d/ or

at 20 erent rates in ura d| rections’ at t owar "hi
cehPre(s)" usefully be PLAURR| cast r ovards ofaiéhey'donh EETAe &F ed

sandwi gh t yPei £eeBaverrdasi r doal bl friess destdi I%&n@/ directioheaspn of
contributio

of as-nade v t. J.ndi Vi dua ceII geonetries, .and
wi t hout nec‘{e] %‘a??‘?y “g%b‘s‘iﬁ ?"é':lf é’@t(s?n /ox aw"’b‘ﬁ d‘trr?ﬂlﬁfﬂ"ig“ on
centre of neestreThosd, stddifmbssarthat may usecﬁtﬁﬂry baif £ ond at dielafsftness( es)
are achiev I at any. .
sectional Zgrl‘egl'?¥¥¥§i dé)Qngn aII:efe E ée??’tl%glnghtf %ff (ﬁos)\c/le ?ldcore
t htekness) wdEidbions @& | bepding t hSt: ss(eatl udnng thei t Mesipraa/
degree of requlreapeegeegﬁbua@agsa&@l%lm%ttl%d rt@{e%%&/ Jdeq/Hasf i By be

oot o0/ eqiligthe AR e Dol TASSE (SRl IS contre ) ¥ ST ET NS
edge(s) of panel member({s) concerned, typically with
stiffness(es) increasing to different amounts and/or at
20 different rates in plural directions at least towards "high
centre(s)".

Feasible structures of honeycomb cellular cored
sandwich type can have desired stiffness distribution by
reason of contributions of as-made variant individual cell

25 geometries, and without necessarily substantial effect(s)
on distribution and centre of mass. Thus, desired areal
distributions of stiffness(es) are achievable by variations
of cells as to any or all of cell sectional area (if not
also shape), cell height (effectively core thickness) and

30 . cell wall thickness, including with such degree of
progressivenees applied to 'increase/decrease as may be
desired/required. Varying bending stiffness(es) without
disturbing distribution of mass is achievable in such
context, say by varying cell wall thickness and cell height

35 for nominally same cell area, and/or by varying cell area



context, say by varying cell wall thickness and cell height 35 for

nom nal |y | area, and/or by varying cell area /39947
b/ Caos) SRRTHE 1o rovossed

cell height for sane thickness of cell walls, and coul d, of course,
be augnented or otherw se affected by skin variations, including
varyi ng nunber and/or nature of gky | ayers. 5 Also, it is
seen as inventive for panel nenbers here to have at |east "Il ow

centres of s #&f{ggs%@ﬁg l'?&%lﬂf bz same t&u.'éi&l%é’s Bt g8l heghih e drain\ﬁ3

| ocation(s) are | I ed oppositely il ter of
m ni mum and @8RiAumof course; v@ﬁsﬂ%@?ni‘?@nﬁl‘t Qﬂh%%me%e péﬁélecéiéée(% for

notional or Rin vardgk¥shs, beneilnad ey earydenRpiMemtr £/ ddtre fgOM

"l ow ien re” of stiffness and fron1transducer | ocation(s),
respectivel yP+Y ltayers. Reverting to above second general view, panel
menbey s WALBogi stribuséen(ss Dﬁvehtiﬁeeﬁatepanas reilee s (resceufyht
15 perh Shagg a%atlﬁggt "ﬁg%e'ntc Q:I e% o Leifesd b'gd& %ract—
applicabl e t securln at a said ane sone particu gl ven

or desired shapélyumestceﬁfegu;neuénlve b@@ﬂt%@?}shayhat are iQﬁﬂﬁ%ﬁ#ed

practically Sﬁﬁecﬁyb%heffé‘d)ué ?SSQQQQ?n&ﬁ’W’EQrﬁﬁt I minimum BRA! NGBS ML
consi dered achi evabl e hi_t her

gart [ culg {1&? at | east
not accor di n§i¥ETEAFYpPEoFransit tipes, ta PRAREHOSRELER) FHEIRRFHPHbODNI y

for agnf avour aklt@al bendisbhapeaveel atedstiaekedwnatavetanbee sfmes "Yow for
shapes not ,so _rel ated.but treatable as re| o_at sI appr oach

what woul d nEEREFEG bREChAFSErasPe. | ERYr SopB” e tednede SnoddEled iR PN
shape. respectivedasd, this invention extends to capability of sone

physical ly real i safdye a6 t%' %tﬂd\}wtéé%xf& RGO view, paridl THdASSELS)

of and for even_irrequl arly shaped P menber s’ capabl e of bendlng
wave acousti ¥i&&t %%Pqﬁﬁﬂﬁﬁskxp St1§§EﬁsééF?éna§fnﬁﬁﬁ%ﬁeﬁﬁﬁnm*%h
di stxg but ed pestagE rwle called Chasssitericety c, cand thavaf f adgbgrityeal |y

LLeCIVE anp B LGk B SHERL0a N EneRohL Oond RGP
given or de51red shape (i.e. configuration or geometry) may
exhibit practically effective acoustic bending wave action
that was not considered achievable hitherto for that

20 particular shape, at least not according to any prior
helpful proposition; including not only for unfavourable
shapes related to known favourable shapes, but for shapes
not so related but treatable as herein to at least approach
what would hitherto be characteristic of some particular

25 favourable shape.

Indeed, this invention extends to capability of some
physically realisable areal distribution of bending
stiffness(es) of and for even irregularly shaped panel
members capable of bending wave acoustic action, to render

30 such action of satisfactorily distributed resonant mode
charactéristic, and to afford practically effective
location(s)' for bending wave action transducer means
(including by finite element analysis), even irrespective
of and without reference to any envisaged or target shape

35 known to be favourable. Such procedures might proceed to



of and without reference to any envi saged or target shape 35 known to

be favour aBIQI839%Tch procedures might proceed to PETS398/0062y
PCT/ GB98/ 00621 11 at | east
sone extent pragmatically, by trial and error, as to areal
stiffness distributions, but can be hel ped by anal ysi ng same using
such as Finite El enent Anal ysis at liJeast in terns of affording
useful "low' and "high" centres 5 of stiffness shown herein to have

positive (ap@todas@isiy/some extendt mmma@caglrﬂcy,né@attm@l and error, as
(di stanci ng/ nepel --Rg) étcmtﬂ&} distrib8tisaks Buef tast ive heaydonty)

for transducer neans thin such areal stiffness d| stri bution,
whet her itselgralysing éﬂ’&?yé‘éﬂl“@ ofughtasi@inite Elemept Analvsis aleryl

benefits argesfenitets off affordmgsesafﬂm " DoHr" §ﬁ@$‘tlliilgh5 centres
transforns ' deri vatloé Pcan be

b | own
to bes T Ba FELEFoess ophguPL MRS ph hERE SRR hd er [TRRT SpghInt]
structures tatvhctdyg) ohndn neddtivee éﬁistanaengdu:e@elalng) Ho¢ationt
panel . 9COMEIJYF LLCIHH Corel %rt&k,%u' | 8bb¥tiohls) for tPQhQ&&Ee?:”irIEBPEa'
specification such different g try
successful afidghin surhf agesl Stlfanﬁ%tﬁhﬁﬁF Bﬁtaﬁa,aétht%nseaeéﬁ
drive |l ocati dfs)vsable or not. |n one approach considered inventive
herein, useful 2 attention 2@3 gee COE ﬁntrated on transducer
| ocatPon(s), BrAqldiGRy by SRy ORI 1 3FQuptiSbsitYy ¥@Ya Ofr get
geonetry a desée]mhg)r guten condtopetd i oandf/opranetrmmberms by whdch
subj ect geo t WN ef fect iye
and for whi ché%ylf‘g%?f%l?gggl y('gsi%gbleﬂs rre;‘g"’1 f%?“ "’th%&: is o%mgg’val Iftg)bl g\é SO
that desired effegeivet réosdugarticular pansﬁucmembencume@mat:heactaaﬂ

preferenti al 'it@ﬁé@&féé’eto what hé?ns%ﬂ?én | @¢al i, o eof ef@@c%ﬂbleecfor a
geonetry. bendi ng sti f f ness Fpln can be _nmade so

for &Ry or dlffer%’&*&h NG oc PEATEEHYY SHENS St | vRAESLRBRATIInCi &Qnt
30 t r ansiihn@ecatocetroctudil t fiset bf PeAtDon Sobj eathodDAiELEreRS, panel

and over such, geerplyi es,, sobhaty he kNOWNIEANIIY  arear aN8LYFEHess

bendi ng stiffhecs- oty t hé subj ect ‘paner” stru n be subject to
t ransf or mat i oddiseributionoanfeasatgetransducer drive location(s).

In one approach considered inventive herein, useful

20 attention has been concentrated on transducer location(s),
including by way of notionally superposing as a target
geometry a desired or given configuration of panel member

and a subject geometry of a panel member that is known to

be effective and for which detailed analysis is readily

25 done or available, so that desired target +transducer
location coincides with actual preferentially effective
transducer location of the subject geometry. Then, a

bending stiffness mapping can be made so that, for any or
each of selected constructs relative to now-coincident
30 transducer locations of the target and subject geometries,
and over such geometries, so that the known/readily
analysed beriding stiffness of the subject panel structure
can be subject to transformation relative to the target
geometry to give substantially the same or similar or
35 ‘scaled comparable stiffness distribution as in the subject



geonetry to give substantially the same or simlar or 35 scal ed

conpar abl eygtdgfshgaess distribution as in the subject PCT/Gmio%gé 39947
PCT/ GB98/ 00621 12 hetry
and acoustically successful bending wave action in _ the target
geonetry. Prrom si ng such constructs include | i nes going from

coi nci dent transducer |ocations to/throu edges of the target and
subj ect geonetries (say as though 5 Fepresenting bendi ng wave
transits/tra V. ty S{ n.
relative | en&?%@@g}% tﬁgas%é&ggélcallyc%%és?é%%ﬁg |]5nes |%{Eﬁa‘ﬁﬁea$&q1°% 4

subj ect geontPPi RTrIf geometrys suPremieing @MC@nsWI&)St{?\}%t@almgclude
i nvol ving theiguet §6Dhg from coidfcimsid r&aﬁiéd&cﬁwao&:@tlﬂﬁ PRy hRSu g t

ol vi ng. { nBABRE; gt the tagel drq HFECE EeaRaEriedn (PRReaPeiRSR o
edges$ of represangengarlxér@ﬂnmctamotmufts /traverpesef er r @hvislagedst
as feeling MpegaRahUitlan i tdaer lq PR AedPe PPengtng ofSHHl Gagld'2n 2

rel ated subject geometry urther super position to
seek to nini APBE 63%€§s§-1@festﬁél Ifétet ei,zarget and oyebjechegeometraes, and

including &o sumtlawes&elatﬁldd’iﬁlﬁﬂn typical Py O£8981 #¥n Wﬂheshu%%'l‘aerr?é ly
thus

simlar types subj ect sha es nm e preferred,
or favourzlgl %8 g&gg Sa{:l(%fne@eqon’rsﬁ)rya %ru‘ﬂrFé*r?oBFSBI dHMar dete-
geortéxry, itBys, 20‘301‘ prsgemtasnhéa;tryblfrémféhﬁstamgeﬂ.vg.@@r’r?tlie’ e igid f er

quite ??gur ::?:IS P{iljxy owe% 88y s &Cog%gaqﬁ%‘%‘%ﬁeteas%dﬁ%rnﬁanm s

f avour abl e con ucture
of the abovetPEye&pppdcsubject gepmakridmt afe isoppeferred,tetadealst

bendi ng sti fEBesﬁeeBﬂﬁ’g 2%nore n%h'rai},Udfsﬁl analkysedt %@oﬂ@@g?‘ﬂ@ét jad

points for subj eonetries structures Mnde anot
construct/t rﬁﬁ%ﬁgfe?ﬁ than a g%r]rﬂ)\:%‘gicw PRRLTYy Eb‘tré:rli’telralprlelf\%'la@é@
seeking to rrﬁba:hsuperposutnohheot 3eekt t@emhmi/set eueburseo&cﬂzqaredllla&tfe&the

way t hat over \/fﬂ%qf}g(;%rr) Tﬂn%gz] ﬁ%l ecgcatlanﬁs;é};lts l%e:g%l r%%

stiffnesses to each S|de i N
structure. RBEPESFSENTsi niWhdd sdy genenadl nepbnhtaschepes of targetoand be

used not onl ¥uascbet ¥WREPedl héh §I tNTs WOPRL B AYRES or FavouraBile %lu%?) ot the
event of WIShlng\e?:ry clggésg %O %ﬂgaéé%rable target geometry, it is
20 seen as feasible for the target geometry to differ quite
substantially from any recognisable type of known
favourable configuration/structure.
It is the case that panels of the above PCT applic-
ation that are isometric as to areal bending stiffness, and
25 well studied/analysed, are good starting points for subject
geometries/structures. Indeed, another construct/transform
approach seen as having potential involves seeking to match
in the target geometry/structure according to the way that
the (now common) transducer location splits bending
30 stiffnesses to each side thereof in the subject geometry/
structure. Moreover, similar or related mapping schemes
could be used not only as between differing geometry types,
but also in the event of wishing or requiring to give to a
target geometry of one type such a bending stiffness
35 distribution as to resemble or mimic another type of




t ar get geom&*t&ég/9 of one type such a bending stiffness 35 di stribution
4

as to rasW%7 ninic another type of WO 98/ FRCRGBIB/00621
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geonetry/configuration, so far as practicable given type of
geonetry/configuration (e.g. rectangular, elliptical) does have
prof ound i nfluence on actual areal distridution of resonant node
vibration that can be difficult to disturb 5 greatly. For

| oudspeaker geomedry /copfiisarstinn.h g9 faghrs aracticable gdwamFFvne €Lt ypes
of action, 'o%@t%manld\ﬁ@émw &.g. rectak®rthng a@mpft&@aiqua%resrreans

wWith centre of mass eonetric centre is I cul effective

in al | owi ngB@VED Pr°€°‘éﬁi‘ﬁgllé‘ftl cep @é’\ﬁ“@el af A ‘{)’c%\ ’&’I ¥%°Eor?(ﬁt

and riwd‘mmﬁ hedde pisbeattodr ithatandabebei i@ ffieu Bk ctbadiigturb
however easi bl e to use separate transducers one for

p| st%nl C- onI%F &ftll on at coincident centre of mass/ geonetric centre,

and anot her for $Hmredudspeaker 115emberscaamﬂu'l£mtdf§/ bobhapédtoasc laadei n

for bending, t ho [ h be
required by aél\éﬁéfg Wave tﬁgggeéﬁc é%]'1'%:‘%)1 Hg?? cgér?oiﬂﬁt 1%!0}1 %11}
requi site Dbendingyj S’?V?bu’@¥%ﬁhs‘%$cﬁénd¢¢i§1%t wr:.ﬂﬂbsgpntre of mass And
particul arl )@édﬁéﬁfﬁ%lﬁﬂnﬁﬁéeib qa‘aﬁﬁwmwry 8fectiveONCer Al Newidg ¢ gl e

t d t hat for act.i on and, spac
benting wave Hiioncrepsdnce? deviag, atgne; fodbioRa ocoauhitknaiter
spacing is mﬁmaﬂ both pistoyniendirigevwand beaddcgcemavieoeataioratatoder ei n

(v to sull o ThtfonisaLoot ' ERRsINe OV OULabhORL O A ntu Y | oOs

25 wi t hout pplTcation nven

General ly, chnQ:OIfrosfe paﬁm&nomlmf atqﬁlm n‘@éint icoincident manyng olafe

distri bUtloﬂﬁasﬁi tyﬁél %@M:% of aﬂassanother £b3pl Fofskd " ABIRAB i C
ocati on, what ever. | ndeed,

centre and/or I
var iétlon(s) Ib‘f Ib’e?fg#nlrﬁb 3‘]£P°ated t??fnlé§§elﬁndf8if bgading. yaye-gnly east
acoustical | yaction, thopeyhntrass daARr)imf neanealhere Bee ejuinssd 18y Ialiﬁ.d’é?my

Dareseurar R s, St DUEaRTagt L BERRAG WAL coquisdth O™

distribution of bending stiffness).

A particularly interesting aspect of invention,

20 concerning a single transducer that affords both of

pistonic action and spaced bending wave action but at

spaced positions, can be used whether spacing is achieved

by bending wave transducer location as herein (say to suit

convenient transducer configuration) or left as arises

25 without application of above aspects of invention.

Generally, of course, application of this invention

may involve distributions of mass with centre of mass

displaced from geometric centre and/or any transducer

location, or whatever. Indeed, wvariation(s) of bending

30 stiffness and/or mass across at least acoustically

operativé area(s) of panel mnember(s) can be in many

prescribed ways and/or distributions, usually progressively

in any particular direction to desired ends different from

hitherto, and same will generally represent anisotropy that

35 is asymmetric at least relative to geometric centre of



/

hitherto, and sanme will generally represent anisotropy that 35 |s
asymet ri gygbgipgpt relative to geonetric centre of PCT&Q@% 39947
PCT/ GB98/ 00621 14

and application is seen as in the above PCT application.
Practical aspects of invention include a | oudspeaker drive unit
conprising a chassis, a transducer supported on 5 the chassis, a
stiff |ightweight panel diaphragn1drivinb?y coupled to the

transducer, 2 regid egbaﬁqgﬁtilﬁlpegﬁ' O0cen as Sﬁ;gﬁjgdlﬁeﬁegleﬁq%e

dlaphragn1an nounting th ragmin
transducer i&PR}iedbbemt o dr|ve the di aphragm pi stonically at

rel atively |ow a@r@cﬁieﬂyeaspeétéoof inveh IR UCEe Blg @Ugl| Qo‘ﬁﬁtsg% Ly to
vi brate the di aphra n% endlng wave action_at higher a

frequenci es ? %1 compriging 3 .pRRE§HS 1t o2 r EEBREABCEE EPG@9§$e§n°@ud|o
out p&t, the the chasaisan@emenff beimtwus@hthpanéntediap]p&tagﬁxearwﬁe@w ig

t g t entre,o e _di_ aphragm

bed the di apiguEEed €0 SEngRpoa ARNL 00 DORIR Ll L8 ETE PRECEabE° s05BRAIRA 57 g
variation su@W%mdm%uﬂﬁP (shlagh@fq:ecqnd/@ountlng thees dd aupth rieegwa diro tih eof
the di aphrag@hé%ﬂétswﬁékehﬁa%e transdnﬁ%@feiébla%:% g e8! agdve! gl

f the cenfre 0 hragm be crrcu
e{FFLtlcal %ﬁ%@kﬁ%ﬂ@dp stonigallyeat Epbatitee Ka%°ﬂeae apléaeqeemwees

geondtri c cewd rgroduce anOﬁudﬁ@ chephiit agna tbevibagBeadibMBY apBFRGS § nd

t ht IuI ore S ched hQet osed ski ns, and one
L;gh el g ?&P%ﬁ?%sgggy Be e Sgb%é%ﬁdagﬁléﬁiiqu)qﬁ}%ﬁa bAr £3mse
with a margibe pbaphoagof tpheeemerteed:osmedammgpmtammdoaﬁput the t he
resilient 5U§ﬂﬁ£§¢@ﬂent being such-%ﬁhér@ﬂéd thﬁﬁ%bpf AESSuBHggg%J'C

and nmay conprise a novin nnunte For Ay o

f or mer the |Re et imigsy Réc BEFMES-THige CaPdFer @§mthe Aispbaagm
r esitbi ent susmmsnendﬂaphbegmonaechecallsaiﬁmﬁhtdiﬁ &Pibesfing sthieEmRssand

nnected tq the
érgpﬁP:;i;Sandgpﬁ |dLg%2§ﬁ§8PesTﬁ{§§t€H§% ac%ﬁéﬁ%ﬁ%fgﬁ %Sét&W§posed
adj acent to ¥¢1%°1$%1¢'GI dehasidowf of the thiaphraghormssyliesnd @t hiledst
resilient suspersroP1PBYePfy centred offset from the centre of mass) .
The diaphragm may be circular or elliptical in shape
20 and the transducer may be coupled to the geometric centre
of the diaphragm. The diaphragm may comprise a lightweight
cellular core sandwiched between opposed skins, and one of
the skins may be extended beyond an edge of the diaphragm,
with a marginal portion of the extended skin being attached
25 -to the resilient suspension.
The transducer may be electromagnetic and may comprise
a moving coil mounted on a coil former, the coil former
being drivingly connected to the diaphragm. A second
resilient suspension may be connected between the coil
30 former and the chassis. One end of the coil former may be
connected to the diaphragm, and the said second resilient
suspension mey be disposed adjacent to the said one end of
the coil former, and a third resilient suspension may be

connected between the other end of the coil former and the
35 chassis.



connect ed between the other end of the coil former and the 35 chassi s.

WD 98/ 3994 WO 28/39947 PCT/ GB98/ 006RQT/GB98/00621

15 The end of the coil former adjacent to the panel

di aphragm may be coupled to drive the panel diaphragm substantial ly
at one point. Conical neans may be connected bet ween the coil
former and the panel diaphragmfor this 35 pur pose. The
coil fornmer may conprise a conpliant section radially offset froma

rigid section to @heveenie ofi apheagnil formepi seédpacehky tamd the ppanetle
offcentre reg9RaAtagh ViRal O Bd'€coupled gﬁa%w tH panel diéﬁla?égﬁr
ou er oﬁ‘prl S rrve

aspects the invention provides a | dudspea . o I ng a
unit as descFrBEdaakddd1YaAd 6nrej point. Conigailfreppghmnaki hatcoparected

| oudspeaker Hetweeunnitheli 6PhI ag6rmer and adadt gank® B aPhiré@m PESt Ogheg! |y

and tso be viprated to resonate, the diaphragm having a centre of
mass 7l ocat edPRfPEEe- its geonetric centre and a centre of stiffness
which is Ghesecoilonforsecemay aommasdse a compliBREEFsection

DESCRI PTI ON o ry.s Lfig. Lnpl enentation

s now ill us?‘rg(aitIgg} %\%@@% 5581& ‘labgﬁgll‘rll/ %?g?%’gf é?e‘gggv?oggsc %ﬁ?%ﬁ

di agr ammat i cP2§tonicaddapnrgstoj proMiér offcentre resongpngudciveAtd the

pl an and thrggagmrbl;ﬂg secti onal views indicating desired

posig.t()i oni ng of egdi n transducer | ocation of an acoustic
I

n o%h\g%ve-s i
panél” nenber, asRectd fheaddvEt QR R ViRe s il @adspegaker
def ormabl e 28omprising a&odeiventmiitalasodelyribeld | db@ve SORBAYLr CdPESi te
mat eri al ; . . ' C.are outline qverall plan_view and
core stiff slelﬁqig%%[%rg?e%%? or Lon qqﬁﬁ?%aarg%u it pdiphragn
menber hereofdapged to be driiyerespBat@rratdysiamd ato vbewssidfrarmt heo
elliptical resonate, th@aashggiggﬂ'ﬁxvfﬂgia centre of mash I6ESté4 BeC

i ndi %ate a acgustlc ane] ne
1 its geometric centre and a centre of stiffness which is

offset from its centre of mass.

BRIEF DESCRIPTION OF THE DRAWINGS
Exemplary specific implementation is now illustrated/
described in/with reference to accompanying diagrammatic
20 drawings, in which :
Figures 1A-D are plan and three outline sectional
views indicating desired positioning of bending wave
transducer location of an acoustic pranel member,
including and achievement by compressing deformable
25 core material or by profiling core or composite
material;
Figures 2A,B,C are outline overall plan view and core
sectional views for an elliptical acoustic panel
member hereof;
30 Figures 3A,B,C are similar views of another elliptical
panel member hereof;
Figures 4A,B,C indicate a acoustic panel member of
unfavourable circular shape rendered more favourable
by part-elliptical grooving/slotting, and model



unfavourabl e circul ar shape rendered nore favourable by

I gL [ [ 39947
Igzé[r'; Gglglg} 8‘&’%}39%@” ooving/slotting, and nodel 1 \l/’\ng%Sl!%lOOGn _
di stribution graphs without and with such grooving/ slotting;
Fi gures 5A, B, C are di agrans useful in explaining ~possible
mappi ngs/ constructs/transforns for derivin 5 stiffness
distribution for desired or target geonet for a rectangular
anel nenber and | / pr sent
Iroesul ts; ﬁl%q’&ls—'b%:}rq é)/sn 6%#% al&toerh r?en%r‘ﬁgﬁ 5’1“0 t%‘?%%‘fmg/
relative SlOttﬂ@QUseful met hodol ogy including of Figure 5; 10

Figures 7A, B are ?&%ﬁ&%@alSi'ﬁecangrgla@l%bf&ﬁSOququl in explainin
enbodi ment of |oudspeaker drivé unit o resen I'nventi on;

Fi gures 8A, B are POSFHS @ﬁRR}%H%W%°%$t§B6EEéFranSf°rms for |qrmikyinker
drives unit and a mudifffineats @Jist]:‘ibut:.on for ReBiresa Yx B:a%fgaeﬁefé oy Si de

view of a further speaker ive it a difl cat
Fi gures 10A B are grberspgg?n33h9 Rg m?% ﬁ§ﬁ¥§€§fsec i°na1}Pr°%ﬁ%%e
coupling or actuat@@ﬂﬁﬁenﬂaﬂyaneqﬁﬂn&&ults»of pi st oni ¢ and

d t t @l 2 u
G apht Sgm panel merEeree 4848k dre®Butling, grapBigh ffofeft rejative, o

for such actions &Hduseful method%%mludmg of Figprel $t C DESCRI PTI ON
OF BNBODI MENTS  Figures 7A,Befafe lsﬁﬂ:t‘flld’xfdl ti dd GHe® gdfan avﬁé&bété’f'tdx?é' y

25 rect angul Qusti.c ut ed, nod anel

i ndi cated as thou%&b% smﬁzquféii 5F99PFSHI Wﬁrlnfgbof e 'p PEeReBHove
PCT and UK pat ent iayeitdami;ons, thus having its "natural" |ocation
13 for bending V"aﬁgh:%dﬂﬁeé ”%%QS sectihonafp% f(zgg\v'st Sigeonrf%tgﬂé:zal

centre 12 and off _tru i agonal
application of tR¥ISPESKRr drive uq%ﬁuﬁﬁq(ﬁlm¢ﬁwﬁw@#ti@he t ransducer

| ocats on 13 is t-OFb.@u&‘Tes 9A,B are sectional side view of a further
loudspeaker drive unit and modification;
Figures 10A,B are a perspective view of a loudspeaker
drive coupling or actuator for spaced application of
pistonic and bending wave action, and detail of

20 mounting to a diaphragm/panel member; and
Figures 11A,B show relationships for such actions and
crossover.

SPECIFIC DESCRIPTION OF EMBODIMENTS
Referring first to Figure 14, a substantially
25 rectangular acoustic distributed mode panel member 10A is
indicated as though resulting directly from teachings of
the above PCT and UK patent applications, thus having its
"natural" location 13 for bending wave transducer means
spaced from its geometrical centre 12 and off true diagonal
30 shown dashed at 11. In application of the present
invention, hbwever, the transducer location 13 is to be at
the geometric centre 12 of the panel member i0A, i.e.
effectively to appear shifted along the solid 1line 15,
which is achieved by appropriate areal distribution of



the geometric centre 12 of the panel member 10A, i.e. effectively

to appear WQI3¥7al ong the solid line 15, whi ch i s P&EIGRIGA062Hy
appropriate areal distribution of WO 98/ 39947

PCT/ GB98/ 00621 17 bendi ng
stiffness of the panel menber. To this end, the bendi ng stiffness
is made relatively greater and | esser tol7 one side (right in Fig.
1A) and to the opposite side (left in Fig. 1C) of the geonetric

centre 12 andepféngngtifiiress of the spanatemerdest-i onfalthigeenG,cafhs in

opposite di rsehaszﬂg st1ffnes§| Qagmtaa@ kbmﬁti5e§9d gried telr %Jxﬂf‘tléds& to
ext ensi ons 15G a ctive S an

outline sectPBf ﬁFgﬁg(Fﬁghtl ﬁB {59. P1%) anpné:Pu&hr?g ogﬂoéﬁ%ré% 15L,
and i ndi cat esnt Fegsan£)lmf thesgtoactetcatdntgpe eldAand. ¢€he' Matatnatdl”

of “avstrib. ceehbBlogr porakSE i WA FPALESy L RMEUINY fadthidido]

13P. afkpgar &thlgneeésngndetxasl stfrgﬁghrtelmaxtﬁnma d53 ande
panel nenber 1§g3 re?i&%c@@%l&“d' cate the alternatives of 15 bei ng
monolithic, ~seé so outer “face lines 16X, Y, or

sandwi ch type, seBlgH¥Red B nhér amceufiige soetion along; rﬁ?%agi’-ﬁﬁ sk3 ns
bonded to aninenaBiag’ extbndiynsal by and 15L (theughnagtafeseshay i dame of

cel l,yl ar foam, or. of boney- , thr J 20

Fi gh'e 1C | nﬁl"g{gg%oﬁsgs gu%(?r &A18é'8f' T‘ H:(ftanSduégor Jqeation
def ormabl e, 4p8cilfikeatilse cpywress siidme Qembetngccapalnlr:e 12B of difstrils-hi ng
toalesser LELAKARHS pdfehSnihBliallo OkelPBojection NAHEY LA/

materials suit Istri st ¢ panel ’nbers and
assuned in FFgghge1dB giggshnpsdetailg fom Ads §qwlcatfédlﬁmt¢u%ﬁ<n@!,% of

th?l core 18Cp@lh@1nmember 10133h:j Bﬁt; ra.;aaglﬂmlé&téei:%el ]?ll@&?@fa&d]v@lsgaé‘ﬂ ::S
ce S gOl ng olndade u Ope (0] a en .
15 "Being: noASTLERLRloRaL | So Ya PRetar Fhct? Jusint S 1Bk Vs o

or sim|ar sbedngowpfofsareiyul alr Wp@ngmndasnedb&nnemntfadﬂey Ldthes 17X ¥y

open at maxi gRqaess L3l tb%ﬁ%%ﬁhow T CLhBbE cgre 180! LGHLELTE, Of

partially conpr ane furt
with facing Skheagh7nog necgssamly) of c¢ébgil§refoa@v’éﬁpﬁo¢mf harey+t he

core materi alok@CtheRR@h-cell type.

20 Figure 1C indicates use of a core 18C of material that
is deformable, specifically compressible in being capable
of crushing to a lesser thickness, as is typically of many
foamed cellular materials suitable for distributed mode
acoustic panel members and assumed in Figure 1C. Such

25 crushing is indicated by thickness of the core 18C dimin-
ishing from right to left in FPigure 1C, and its cells going
from roundedly fully open (19X) to flattened (19Y). It is
not, of course, essential for those cells to be of the same
or similar size, or of regular arrangement, or be roundedly

30 fully open at maximum thickness (suitable foam materials
often being of partially compressed foamed type). The core
18C is further shown with facing skins 17A,B. It is
feasible, even normal, for the core material 18C to be
deformed to the desired profile before bonding-on the skins

35 17A,B - but not essential so long as the panel member 10C




defornmed to the desired profile before bonding-on the skins 35 17A, B -

but not e | so long as the panel nenber 10C 947
PCT/ GBO8/ 8‘3%%?9% 18 PCT}&”‘?’?“ségobd
for distributed node acoustic action if conpress- i vely deforned
with the skins 17A B attached. Resulting greater and | esser

t hi ckness of the core 18C and the panel menber 10C wi ||l correspond
W th great er and | esser bending 5 sti f f ness; and the indicat ed
profile of 54K aessaf/%lsmbuté&'&M@Sﬁcoweﬁcsa&&eﬁsaf \nifitd

such as to cau col ncl dence t ransducer | ocation 13 W|th

t he i@{&%ﬂet@?@%@ﬁ rélib ctheedkimso} o P Abtarhefed Eafnilidng

reference 12¢ebier @ndshicheedeittiiBkine®s W ltneoictald M8Te aHl the gl Wi th

th I t t ahl fi | at
e T S e A )" Bt B YOS, apa A B AL,
10Cs5i . e. cesrﬁmfefxm‘smss anfll the indiewmeéd quioftientofn uh:ctgnespomatrl c
centre 12C QAR thns oEPERALOEN wiiiBeiBE WANSIUEChe! A5AI AT 3C

15 e cdre density contrfbution’is

stiffness i sad@aisance t vf | ithear qr@as(g'ipc&fr cét°é=ar’f'é§é1 13C ch*'dht rfBfut i on
gay bﬁ negge@&@b r;&FlQ: tden€esi 120, aseal akrrow 13%3 haﬁanetas:c(ileat rdckmsuwa may
e achi eve api n ness o sot.r.qQpi ¢ _cor

pol yner foarh rfdp glé‘?’a’@rq cat%ﬁuﬁgh’égc%ﬁg°§’aﬁg3f8hw&rﬁ dﬁ“}atﬁl’c R t hout

ski o dcared mmortexermaan(&m;stamde stvdu atsiimey caarsd:d:aﬂal@r i padfeidl ed

machi ned or Jmi Q[}gy@
di stributed m) e aco?foﬁf I C ﬁﬂf&%ﬁ%ﬁl be no c&?ﬁge pré%r%esm ve reI i ef
of its |owemaAf fafe tde tWeReJQSmemberl t3PGhi %kﬁesé’eﬁ"éd-‘lﬁ:e%fv\lﬂtaﬁsy‘mllar

profile to thataia con1c1.dexﬁ£ Ok €h 1E6he SUEReREOE! bEBnWrahtidke SREWIRdo

different for the .s i.ntended effect h|eV|ng coi nci dence
of SoRGAARR® 'O 1P B MTIP e RIS hir o 19D, say

depesdi ng on nat eflieatd sgors adedoi ty heopanebutkohels1@mall] ie béiui:ihg
TRLerials TSSO LU S ShALer CHLOTRREREC S R kor of | cBRY AL

cel lular, typi hén as a nhe ore honeﬁl conb
type Wit h t rrankprietioan extashdibgy neglectdd omngki rthe- si@snreld]e areal

foaned- cel | -dHk&xAd¥h CaAliis¥Fi1:94€i®¥n may be achieved by shaping the

thickness of an isotropic core of polymer foam or

20 fabricated honeycomb sandwich or monolithic without skin

and a core; and any such structure can be fabricated,
machined or moulded as desired herein.

Figure 1D shows distributed mode acoustic panel member

10D with progressive relief of its lower surface so that

25 its thickness reduces with similar profile to that of

Figure 1C. Such profile might be somewhat different for

the same intended effect, i.e. achieving coincidence of

transducer location 13D with geometric centre 12D, say

depending on material(s) used for the panel member 10D.

30 Such materials may be monolithic reinforced composites or

any kind of cellular, typically then as a skinned core,

including of 'honey—comb type with through-cells extending

from skin-to-skin. The foamed-cell-like indication 19Z of

Figure 1D could correspond with use of foamed material that

35 is by choice not crushed or is not suitable for crushing;



Figure 1D could correspond with use of foaned material that 35 I s by
choi ce notWe28894a or is not suitable for crushing; PCTIf598/89638947
PCT/ GB98/ 00621 19 but is

i ntended to do no nore than indicate that there is no significant
change of density. There nust, of course, then be a change in the
distribution of nass and the centre 19 of mass of the panel nenber 10D
as such will be spaced from5 the geonetric centre, generally in the

direction ofbatriw intendedCMo Idv aralemor® thanecynddicate ddade tﬁemeia! I
centre of o, si E{Egzg‘gggg.&%% df &1 .125?1%23 pRe, BIResud0D is

shown with at | ea itromal bal ancing ma | ndi cat ed’
nounted i n pthearb®l § ehange rikcihe Miisribyionf mass Andickhereartr®| v

by sem - conpbkaphs§8PStRE. p&AY1 ileber 10D a$Wid®| Wi lPPadsa¢éd Pfom
adhesi vel y secured bush or sleeve, so. t Rgh'ﬁl ti i nertial onPress IS
progfessi vel §hBegEGPREFLic centry, grierabhheln eA1166 nni‘bfrc]e?L row
frequenci es gi.deginr @tder to achiwwéi evindidéntbubifoveraliercentry obe
nore than gne 15. bal i ng ( S [ S erL]

| ocus througﬁlélss Wltht%%grﬁgﬁg%ﬁalc%%sreengf%%’ I i%ﬁg %:ﬁa_tfélgrﬁgig‘gnggot% gé%ray
di sposi tion, shawnneedithotatl [ldsstof oniee sdddtdesel shalancing wassni 8Ri ng

i n mass proge utle A h ' ; ividy § esgk, the
t hi ckness m%ﬁggb\éﬁ:r%l y tap%érde)glgl %rlljglf%%aﬁly ?%ﬁ%%gﬁetcﬁévéetgt isﬂodr.lﬂgo_ﬁ%fgure
1B, *hough afwstbedorpieierably byt faniteonpriant mRap§didfy t §2¥ ddmdn

igual 1§<égeLt BLekaA®I® mechanicaldhObrPa@BEesseY9l Yyebagedapayhf 68Ms1devei ne

onetric.relations of bending frequenc O_Si re
used Sfediiah HEST 1R CLALo GHIRRRRS 15 rBFoamy SpLvel R rgaciBEed
[ _ncrea_si ng i tfs:omj tdhel pagyed udwaamda}mm_talhifglammmmies of desired
vibration, agqypta8ofer 33 stEitttllost Shi bhe@k PRLELET BB @bre +than o

e
t ransducer Iocatlor] can € seen as equl va?lent to &hortenol ng tﬂg
ef f bR i ve paRalafiCi®g Mass Hi3%0n Wiy all@®s than 180° legpecthspugh

sugﬂg shift. %%e notign_alTUéﬁi:éﬁsiQnﬂDﬂﬁ@s_ﬁﬁ,; lGIan@o&é 'oehe@”aﬁi\a?'
menbers are own .being o ener a elliptica ape t hose

ref erenced 2&&,5%3%:8‘@’}19 ?E%t?‘&&%c,n?%ugaéhgﬁ ngt W Sapg; Matfonc8e%t
25, 35 of geddimtimicdlingenin ensarxd meoyressfvely away from the line 15L.
At simplest, the thickness may be simply tapered along

20 through the section of Figure 1B, though a more complex

taper is normal, including to a common equal edge thickness
and/or progressively less away from the line 15 - 15G, L.
Geometric relations of bending frequency to size are used
need to be taken into account. For any given shape,

25 increasing its size lowers the fundamental frequencies of
vibration, and vice versa. Effective shift of preferential
transducer location can be seen as equivalent to shortening
the effective panel size in relation bending along the
direction of such shift.

30 Turning to Figures 2A - C and 3A - C, all panel
members are shown as being of generally elliptical shape,
those referenced 20A, 30A being isotropic, thus showing
coincidence at 25, 35 of geometrical centre and centre of
mass. To the extent meaningful for isometric panel

35 geometries and structures, distributions of stiffness will,



mass. To the extent neaningful for isonetric panel 35

geonetrie ructures, distributions of stiffness wll WO
98/ 39947 WPShosks SCT/ GB98/ 00621 FCT/GBISH0621
20 of course, also be centred at 25, 35 - whether as to "high
centre" (stiffness as-such) or as to "low centre" (softness or
conpliance). In addition, Figures 2A, 3A show at 26, 36 one
preferentially good or best |ocation (a % n the above 5 PCT

4001 T cati onel 00, 2cBengi 09 HEVECRELERNALI 385C4ECL M cpor ae WPUAALNC foT

desired resdhant & acous rre er 20A,
30A, say ascentrﬁ"a(iibuﬁﬁpeakeas such) or as twd'rhﬂmg:qn&na"gdrs@itmssc and

3B, Cthe CSPtESmpllance)Poﬁht aaa§t%nt hey ﬁ&%‘ss 21&0532\0%110%0%@2% noyg

| abel | ed 25, 10 26 a 35, sti correspond to b
geometric ©ne Preﬁ@ﬁf’%ié EIYC&‘?PPE%? bRss J(%‘B"“J2 (B8t 1ﬁo%&‘ﬁ &P t her
to 5 BCOUabptakhyiehl)ecCorva iy waeet aaﬁsdncelrah@mrcleo:n and

26, 36). (o d

26, 36 have SPPAELV9aryF sief Y oyl Modd WU pesspmaiigider
bendi ng stthbnpsaeés)nembehreﬂééf,, 30dnd say as omddgorpamudrperkert acenent s
of "high and "I O‘ﬁlrﬁ?cﬂbr €800 Frigures 8Bl ff@es§ndar§3| ng calid Zontdd and

37, 38 as generally oppositely rélative to the geonetric centres
25, 35. Thi positions giff fdeema 5|%°%¢|395e§§edp§f’r i-3dEded 2Shown

20 10 achpeveadyspy ogs eaaaves'@fmrges::tespahhs 29, bS6h PBEt igometric

ularly astothelr hei thus thic f the panel nenmhers

20A, 30A; Cenjgp ag‘ﬁsg nEge' 0hmafy] tﬁg r1aL. BlifyEow also pf&b‘iﬁbaeﬁngri’

density (seecbhugtiesl2B, ﬁjf,e@tlme thertd:eng wave tramséuecend lsidtion

t hi cknesses ggt rgcg(f thEICI’ dﬂ‘t%%hd%%&ﬁ’es%u sggeFl ’ﬁ’%‘g&r (@)
e

t her eby achl evi n Si re |str| bution t f ness w t hout at
| east operaﬂ-P?é[t9‘°§|sgn?9t caft have ef%@%’?h’?’%bﬁcé’qq}l dAdsplagedon®¥f Fmss,

t huss centrea@fstmbatmn of DENd iGY NCeEeFEnWiss elgt,h grREFBOEL C it re
and transducer tlon There _are

further fe&gf:ﬁf“é’angﬂ‘&go g.ac[ 8“%?%/26%35}&193& aé‘a flﬁg s(""@éﬁtreﬁn?sf ar eal

di stributiostifsfipelsy,i mreodindbgated 27, o028 - ahdm&%nu3$oammganﬁnabhmh as
grengﬁéhcur VeppBsitely relahifRCHNEnY idddieiSid RN 265 Ungler stgpds ways;
different asymmetric stiffness distribution is shown

20 achieved by progressive changes to cells 29, 39 partic-—
ularly as to their heights, thus thickness of the panel
members 207, 30A4; but also as to their areas and
population density (see Figures 2B, C), or as to their
areas and wall thicknesses but not their population density

25 (see Figures 3B, C) thereby achieving desired distribution
of stiffness without at least operatively significant
disturbance to distribution of mass, thus centre of mass is
now coincident with both geometric centre and transducer
location (25, 26; 35, 36).

30 There are further feasible approaches to wvarying
stiffness(es), thus areal distribution; say by introducing
out—of—planar' formations, such as bgnds, curves ete
affecting stiffness in generally understood ways; or such
as grooves, slots or scorings in surfaces to reduce

35 stiffness or rib formations to increase stiffness,



as grooves slots or scorings in surfaces to reduce 35 stiffness or

rib for n’é/ I ncrease stiffness, Wo 98/ FYgHGBI8/00621
PCT/GBQ8/00621 21 i ncl udi ng
progressively by spaced series of such provi si ons, say
along the line extensions 15G L of Figure 1A (not shown, but
conput abl e using such as Finite El enent21 Anal ysis). 5

Fi gure 4A shows another application of into-surface gr oovi ng,

slotting orinlotdimg smRIgFessiveky i My ovERgced  serdpstridhit eFHRRIe
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I ndTr cat ed by the requency on rndic
4B as wi || groovinghe sieddiiing rexo§apsddganERefick scably bfot Hawprevdnged in

15 thes pEtriSREEHT hEak! YehQihESRAVEI aat&encq*&eratxf oo ¥ At iPdhnel

pat t er ni ng. Pr of ound 1 nprovenent “on mhat I's shown in Fi'gure 4C

has been acdrg®Bbes $9 EFBBvFﬁgaC‘éPBﬂ-lana of °°nf19ur§&9ﬂ%§%§‘?m*&%¥ed at
45 in the fz@dzﬂépiz mrﬁcd]fazﬁ,n that is ekhbwfie,to . Be ivhfavwdssbDé as a

i gurati to jnclude sone a abl e
colh & huFLEtAERNERE Fodd'OpBatt . pafe] site T cotFReE gy, Wtk
above) thomghtral locahmbnaofuakbytangomdhmgdumennmeanSGKwThisuknmmmle
t I
part oul ar ghLkPRgeaccHIYP Rice il WnbRUELs £y IUSISHcaten pIERL
si npl e centpe@af %REQFéacil@éﬁtﬁ%bgﬁaﬁéslnéhéated in FhggKer4 r@ﬁdéh%&
modal acthBel&ealaquYt Or@é@ﬂpbmsanan@nderstoodaewn@hba@ qnan wwisipf the

0 R e yre Canip it [our o hPSHAS, LS A S oY L ben
t echni ques pethgrﬁmng; (ﬁtcgknaﬁhl1m@tn&eh@n¢etanl'wmmtedﬂntahban oin
teachings piqure NEEC%as LERICT aBhIWALA T BLTRLEERS1ATY ™R bLETRLY spaced
g fPe ar panel r

relative to C circu
proni se, an8CSRdUBd de Aaddidaredef phedtDhyinureher form of maxteoff eddnt

Analysis. ellipse, i.e. in a class of configurations/geometries known

20 to include some highly favourable as distributed mode

acoustic panel members (as in Figures 2, 3 above), though

not actually according to such a known favourable

particular ellipse. However, effect on lower frequency

modal action is markedly better distributed than the

25 symmetry of simple centrally excited circular shapes, and

higher frequency modal action is able to extend past and

beyond the open ends of the groove 45. The shape of the

groove 45 was developed using Finite Element Analysis, see

indicated complex element patterning, such techniques being

30 of general value to detail implementation of teachings

hereof. Lesser arcuate formations asymmetrically spaced

relative to centre of a circular pranel member have also

shown promise, and should be readily refined by further
Finite'Element Analysis.

35 Figures 5A, B indicate constructs and transforms much




35 Figures 5A, B indicate constructs and transforns mnmuch
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22 4&098/3 |4gcussed above, specifically shown for rect gﬁé{ﬁna??m“_n
target (51A, B) and subject (52A, B) configurations/ geonetrie.
Construct lines 53A, B processed according to different |engths and
desired/required bending stiffnesses 5 show hi ghly prom sing

ef fecti veness of the approach at 23 east as appl i ed5t o shapes of I t hle
sanme rectangyl gu rtycularly
attractive ig% 3d1§é/19§se% ah Vee sub ect cg:%f urg PCE)'%/ gfegﬁeﬁrréy %% js

ef fici ent I ytarget (2bMAst r%bt e@@roﬁﬁlbmctar tR2Acol) guranfiiguratoiensy 51B

10 eematrgee C oM tdRetext £Res 093] rsrrP&B%s%%rdnearcé&dﬂ?g to
a prefer ent tranidgcer catloB}?54B of a wel un er st ood

anal ysed |s‘é?n§FPF8n ﬁ&g§%é enfip e sddiedinpanifed, bending %ﬁ?ﬁ%ﬁﬂ;
centsre of tahowarlgsthshaperomliBing Fegieeti€eness ofi riicahppraathpi £€l

sect i on € 9ugl! 0S4 SRR cS0aRrkd or chE" I5he" MR LET LD (oM

met hodol ogy™~ accor g Bf the
B/[err] quothenmeghodRéoByand/ Engpaer 5B is partgjavdestly attxestive in

speci ficall fhaltoﬁﬁeV\’sﬁBJEEQ EBHQ&gﬂ%Ianon/geomM&Stﬂﬁ 1d Nef e ?ﬁ

radi al directions mat hemat’| cal  mappi ng from pane shape
52B to panef® Bthc S Eﬁﬁﬁe Bhe, LAYeRk o‘?%’t‘?%%‘%‘a@%{gg?mﬂiﬁﬁsss%r eof
t 0 Upe placedpatednéncohnee HyrezteﬁQSOﬁEBBioxﬁUth@Ercélﬁn@ﬁ o PENEE

| ati I ngl udj t h d third
bower s of tfi bReEgroRUILT PAUREaRka PTIbAL SRR, REB0E ©vertundatatictyi (e
is of ski nnéadcoafeal:,mﬁﬂ\n mmlmr sanpe 52B simgdimnedinomdest hirttisol i d
conposi te sedmbérecal centre of Ftlgé” %a@?e%hoé’ﬁaﬁ@t 'SE@Et ri @'ééﬁi‘lél tgc of

| engt h mappi ure 5B net ho ologﬁeland I gure shows™ how

required lnglcaf‘?ér det ‘}YBéﬁg}ngsed'etHaRR otthrPughet@Te & onemberatitoref ri c

3015 r esuhtgenf shager 5t aedulelialg erdm ﬁ@tﬂéd@lo@&ol&@cﬁdr‘aﬁang to
speci fical |§L aﬁl% 8ss al one involving fourth power of | engt h

(solid line ness of a sandw ch structure I nvol ving a square
power (dotted Ii ﬁe‘ﬁpe&ftdolnhl eknédee 0B/a quotientioral | thestB uahdyer pu

i nvol ving ap4idmpewe’ Vedasded {H88)fically alone with the other held

constant, in the various radial directions 53B, and

20 mathematical mapping from panel of shape 52B to panel of

shape 51B, allows distribution of stiffness hereof to be

computed in those directions (53B) further using a power

relation including fourth power of length and second or

third powers of thickness depending on whether bending

25 stiffness required is of skinned core sandwich panel or an
unskinned monolithic solid composite structure.

Figure 6A shows ratiometric results of length mapping

for Figure 5B methodology, and Figure 6B shows how required

(target) bending behaviour is related to the ratiometric

30 results of Figure 6A and relative to material properties,

specifically stiffness alone involving fourth power of

length (solid line), thickness of a sandwich structure

involving a square power (dotted line), and thickness of a

monolith structure involving a 4/3 power (dashed 1line).

35 For a sandwich structure, skin stiffness (tensile strength)
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23 woul d al so involve fourth power of | ength; and skin

t hi ckness a 4/3 power.. Figure 6C shows nodal density mappi ng with
3% danpi ng for a target square panel nenber, wi t hout bendi ng
stiffness distribution hereof, a subject23 5 1.134:1 aspect ration

i sometric panel nmenber of the above PCT application, ie involving

adj ust nent WeMagi valeg oivolve fougithe ppWeer epfe JRgth; andanfe skimre

panel inprovadcithess a 4/{33nﬁbﬂgr5t | f FRgaFedi 6¢ T IdHS L MBARA! diddsiPySkin

ar am eters, eC|f i ckness (h) and Young's nodul us E).
10 maREREE, I & GRS o s BT H oo SHRRA Brang ] JRembeT,

unit conpri w&s:hauctlflm&.ﬂgl shiffrebor QicftrAbuticon f hapBof, a squ‘@@ed as
a shal l ow ci,rgul,ar. | i an out war dl v, ecting
perlr%heral Tll g.'é4e17%%sﬂ<ef%tr ?ea vﬁ?{] Pﬂmg&lchE?gglVﬂSF@W t(%l v%b%ﬁ?t can
be nounted &&Ta akmm@aqan ie(mmroglvom) ,adgws tmemt lredldtmmkeﬁo eaméosure
(not shown) giRe aiffer&i§de’ ahh ;CO al @Pﬂg Qﬁﬁ%ﬁ}

supports a stde “transducer |nn°¥ ic%rgmo an e ctrod’ m C drlze

not or benddng, i sEhit %eﬁﬁg %m cﬂ§§°5€ﬁ-%§ent<bols ipi cpaBam4A B
and af f or di egeats, ars@dcarflgﬁanyﬁ tMlickhdss rm%nta%h ar dusyl @rmg@ulus ﬁ?' 75

for r carrying il_.75C whigh forms_the coupl i ng

act lr,IH;.tl ng novabl Z{ ‘r%r%éngoft?h BB, 75 7h a Wé‘d@tﬂqakf%‘? n%?lYS
mount ed on nadit icompsisgensi ohassis 71 1?16A:1Eb aformSoﬁp[a(msldpbzenﬂﬁaxh@

gui de the cQhl r Y/ : t g p.Qf the
nmagnet asse(rgr‘)‘?)llaf/)feQi rrgg 85 %gsllow ?lﬁcﬁje( coi :E%:‘gir% L7-5 &iseh Vé‘&g e28. by
bondi ng 77, OPé'—Wardly P?ﬁée?"éhﬁgfﬁ@éldifh%ﬁh gﬁﬂ-mgghtnﬁ‘ gpdep'a::eél whthhi ch
f or s hol®d® aAMSHE €A atr%edhﬁmf asathfbet heohLEEe PBAKES ﬂéff’fe

un|t and whi,ch COF{B“ 3es a Ilg %68%‘5.5 | ul ar core 70C, of
horieyconb neP&H SPO%8dndi-ShedPhdt PHERE(eRBLOSUTef {BAE BREVRbAER Sk ns
70FR.  The gamelralQyi s:cgmmrtaldrgalafashlon. ' eeidhd St 71 Wlbcﬁtﬁél'éy
wth distri [ 100 f.tn coi ncl denc

centre of nggghgné‘%felbe’r}d i tI#eerfgrftml gltfl gféln?"'secqyo eﬂleé;“gll‘ 1% o%é??gﬂ

its geometr COMPrising éeﬁ@géet 73|$lanw7eche§1ah9t@eeahmhe pieneesf'tmzs skl n

IS and affording an annular gap in which is mounted a tubular
20 coil 75 former carrying a coil 75C which forms the drive
coupling or actuating movable member of the motor.

The coil former is mounted on resilient suspensions
76A,B at its opposite ends to guide the coil former 75 for
axial movement in the gap of the magnet assembly. One end

25 of the coil former 75 is secured, e.g. by bonding 77, to
the rear face of a lightweight rigid panel 70 which forms
an acoustic radiator diaphragm of the loudspeaker drive
unit and which comprises a lightweight cellular core 70C,
e.g. of honeycomb material, sandwiched between opposed

30 front and rear skins 70F,R. The panel 70 is generally as
herein taught, specifically with distribution of bending
stiffness affbrding coincidence of centre of mass and
preferential bending wave exciter location at its geometric
centre. In the example shown, the front skin is

35 conveniently of conventional circular form integrating with
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24 9WZmff;ﬁ%%cont our and in some cases blending in effe'g&sggm“n
operation with the surround/ suspension. The rear skin is chosen to
be rectangular to forma conposite panel conpliant with distributed
node teaching (it nay be driven 5 dlrectly by the differential coupler
of Figures 10A and | OB) . 24 For a sinple central or
central e valent drive t pane Lon will be
desi gned a#f ontour FEFQréHt.§Pmﬁod8F58Fst§$885D8ﬁ a%npe?gf &%t¥¥enti on

her ei n 100pera§mmmruieu tbe euamphadﬁyuagnmmgbnofzﬂnﬁﬂrearfshessisso as
useful Iy tdlace tde ﬂ@da:l:ecgfér‘(q_tﬂﬂafo'@é O%offO1 AN EbnPhsite aFaﬂsiose to

the geonetric and nmass centre her
frequenci ¢ZCRPHL PR & ERER %b%?%}h%ﬁeéim?%%eFeaChing (%Feﬂﬁﬁnéﬁegr%geﬁbtalned

fop a conwente®rpBy BYyYltheofddffy¥eentdal couplidrd éndrggamrRis YLOA and

The frontﬁé i ng skin 70F of the panel 70 is extended beyond t he
edge of t &% hhel and its peripheral margin is attached to a roll
surround or sushensaosimpleupgottal, bgr centraltéguivatent dtiwketbey the

panel is fdf&tb‘.’b{(ﬁ&& prh&{lé’”'&%n@lo sectladzl Ywi F]hebter aﬁé@% fba’2yh £n

arranged to nove g | stoni ca requenC| es and
to vi brat P¥ekepaRnbiaygrodal dlsiarflbn*@w § iBVPRpAPR BEEEiRg waves

t @ot he pa@éneratea f¥hesRMpié b?séeﬂtﬁélaéfdaﬁéH§S§€1§an989t Boakgve.

The arran n F| d erally simlar
to that dgé E%iﬁyag8v8ia8§c BF %? %r1v1ng PQ*ﬂEKPEagﬁgl?ﬂea£h8§S|s 81
i s even shaldseetp tthe rgﬁcmet?ﬁc and mass kangeey olllmislegbti@d mbdadi s 81,

and the CO&':PJJ%/ at h1 a%[eflﬂﬁnéa cfé’é ! fdo rto%?.ceé#agg'gg:éio%&t ?&qg?assi S

wth conseque I'on” o suspens rcation 30
of Fi gur e DBeawneBries H§e°btaan§ﬁafpérané@ﬂ?ﬁ?ﬁh?ﬁ%loﬁtBQN of driveznd

saeti onal wagd1aedtat feBm8eAyOf the coil forner 85 The
arrangenments shown nd 9B_ar imlar to_those

n Fig
shown in Flgureggﬁ tﬁanngéﬁtﬁgt ﬁ3t79ﬁe°g the paﬁﬁ%eﬂeeﬂseﬁHtQBQFQ of the
coi |l fornebePdndsther pddewotfth the panel and its peripheral margin is

attached to a roll surround or suspension 77 supported by
the chassis 71 whereby the panel is free to move pistonic-
20 ally. The transducer 72 is arranged to move the panel 70
pistonically at low fregquencies and to vibrate the panel 70
at high frequencies to impart bending waves to the panel
whereby it resonates as discussed at length above.

The arrangements shown in Figures 8A and 8B are

25 generally similar to that described above, except that in
these cases the chassis 81 is even shallower, the motor 72
is largely outside the chassis 81, and the coupler/
actuator coil former 85 extends into the chassis with
consequent modification of its suspension 86. Modification

30 of Figure 9B involves use of a smaller neodymium motor 82N
and sectional end reduction 85A of the coil former 85.

The arraﬁgements shown in Figures %A and 9B are very
similar to those shown in Figure 8A and 8B except that the
extended end 95A,B of the coil former 95 is formed with a

35 [single] of double conic section, the pointed end 95P of



35 [ singl e] of double conic section, the pointed end 95P of
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25 which is attached to the rear face of the lightweight rigid
panel di aphragm 90 at the geonetric centre thereof. Fi gures
10A, B show a di aphragm coupl er/ act uat or 100, conveniently a coi
former of a drive nmotor (not shown), 5 25 havi ng a naj or arcuate

peri pheral part 108 of its drive end, which is adapted to be
attached (¥dvch d s atitgighed to thig g‘l@ta\nefgﬁ? pinghelddghtHeightarigid

sem - conpl Iy f“ﬁf%ﬁﬁ%ﬁgp 90 ataEﬂe“bEBm@EEEét%eﬂ%&bP@%éﬂedﬁ”t 109 of the

sane end rlmtf drive applied ane 100 will be pistonic

at | ow 10 FEFERE égAtﬁrsaaw @omaa It'aHEE“ weter_EFpaErz 100
parts 108, l&hverdfehtDy &f e@u&n@mémeoﬁoapkm/v@tmw (not showid)l,

ex0|te ben wave actjon m_nar, rt 109 vibr.ationa
enePgy in 3}1% iRdelP B9 %¥5%§€?| 8T ar{: E?Porﬂﬁ hEExAE LN t he
coupl er/actetaiprwh&!i:h By iadapbed - td45 be attauhbdan(loml urte, ahe:irgagd)r

arcuate perpherdbighe Batb11%0 made of ld LenPLOSKONILAL! malurdsent al

hi gh frequencie actuation posttion o r|ve IS

frequency and witkieegurte pemiphemrakPappli® afh ﬁ%%%r Gy the
same m%‘ans e a2fve applled thetré"BhRel! huet watedpeape s¢bnaie adi NeKs
coupl i ction _.an ne.s F i ant SEC%IOH may be erten%;d to
CoHB LY ¢ freaurRatet po e bRERe Comne. eEanate” PAEYDRERS
arrangerrentparEsgioiav,\noer noKe highelf&retq\ﬁinc:.es thedb&hp%lﬁ/@d:ﬁﬁlt&:manel
nmenber tra e ogaty , v

Nggpe éxélﬁg %g&&ﬁ@ywé)&eza kipn ) OAuer gﬁnor ngaggr.ggl [% ness

section may be t aper e Hde
or bul k propeprgtional eneﬂ:ayprmumeapgnaaatluo@nae# @onpswlm fcfﬁf@t

|nteract|vefyom the aﬁ%ﬁféﬁaéﬁg EbﬁBlEB?aE%ﬁ%Ed%“%@ﬂ'C ﬁ?rEQT
cr|ter|a nprove over al g ornance whether. wth a dlstrlbuted

301 rmd%ma%ﬁé{‘tcnb*é%P N2l e (RemiRhR%AL | 9nd Ryt 108
spaced frOHWQEDH‘BEFBﬁbﬁ&iﬁtﬁiamlyeqhﬂeSUEhtCGIthlgﬁanrequencn.éﬁ.r ucgryse for

transaucer FRbattore of selbiolnfioh S the Rl fF) iekaishey
dependent even though applied in the same way and by the
same means 105.

20 The simple illustrated case of one direct coupling
section and one semi compliant section may be extended to
multiple firm contact points and more complex semi-
compliant arrangements, e.g. two or more preferential
distributed mode panel member transducer locations may be

25 involved. The semi compliant section may be tapered or
graded, or plurally stepped in thickness or bulk property,
to provide a gradation of coupled stiffness interactively
calculated with the panel acoustic performance criteria to
improve overall performance, whether with a distributed

30 mode acoustic panel with bending wave transducer location
spaced from geometric/mass centre to suit convenient
structure for the coupler/actuator 105, or with the latter
suited to such as transducer locations of above PCT and UK
patent applications.

35 Such differential frequency coupler (105) can be used
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26 6"7%8(%917% usual notor coil enployed in el ect rodyﬁﬁm(;@”/o“n '
exciters. While such coupler 105 nay be a separate conponent
of predeterm ned size or dianmeter, it is convenient to see its
application as part of the attachnment 5 pl ane of a notor coil of
simlar di arreter whi ch nay as 2Pndi cat ed above be chosen to
enconpass ong re. of motor r ef er gl‘l ve trﬁ%ns ucer

| ocati ons ‘6?‘ FREr i BE2 a?é“@ fel SHEFHEPAYEEREG i cal | y

at and excekeditbys Whike gisshadnd cpaples) 108 amaynthmd@d lsieglacate
frequency ES&BBﬂéﬁtloof gﬂ%&%z@ﬁ%d‘gnﬂx‘e}f@ VéPra&iQHFhQr %L%”'l@t ed

node acoustl c aphragm ne ower requenC| es

t he cog¥ppieas; FPeﬁ?e phF$ s@PWQ%’-‘i’B@%m ofortdec gittRchinesty
and progr epshyel bdrd ngotde wmlle cs:ﬁ r s ik EAEN a8 affe tidig whlch may as

act uator/cou ler 85 nt o bal anced, centre of S
action, thtg é'Etat? a@t%’rvf S’ Scerbp%cf SRR “f’oW‘e or m°rler &fugﬁlﬁ es.
The fundarrpmeﬁlerlaertdadg &mewetrg{nsdutée locationsaref aedilatrmﬁl'mw t he
resi || encenghe! BBoRAUNLeRhAE Uakiher, | epeciBTkbity 19843 s al | ow

for satisfac I'on i n acoustic power o

pi stoni c t &ighé di partfehol O as b‘rlbﬁﬁftﬂf?@ adigher cffrem‘@qor)éqﬁm%nge
Such is byapsh&ing W8de b@lﬁf&w@ﬁ £h ded it Miviada Hwiatdudtitde

part(s) 108, or per.i n nd| cat ed 0
Under st andPf e&p&‘é‘ﬁ’?‘ﬁﬁ fg'S ])s°"é1?’aedfrequen°lﬁ;$ Fithfe 11A
outlining isemarodedivarendt pam't(sf/mfsleamst yo%becomeamdnee«bom:ﬁﬂimtmnmst i C

panel | oLyl NgrLo-Lbe: 163 bl cno EIAPSBNSLun deid regugigi o5 the

sem corrpl I-an ective power the panel
menber 100aickuator/coupliss] aitediptet edfeckarfiry  bahanc stGﬁnItFI%e afction

depgys mass vaéﬂdxncre@@gngaft&e,%@%xya é&m*@ﬁéféhlbﬁpﬁd:a@&v of 30
the vi bratln% anel. nenber_ 100 beﬁorres gsfe rt‘#é{]t nd is xcited

at pref er efteAeRCdER T i ¢ Tﬁ’r?s fpprpopnt requenqy oty ity
contributi pansl megher fo0egardctles wesikience of tie aoupler/agithatodrf set

sector(s) &%M%)C%U% &re chosen to allb§ 3B fsgrtﬁ.g%rac%&%ydisﬁtw@%mm

of effecti
transition in acoustic power from the pistonic to the

20 bending wvibration regions of the frequency range. Such
“transition may be further aided by plural stepping of the
part(s) 108, or by tapering as indicated at 108A.

Understanding operation of this coupler 108 is aided
by Figure 11A outlining intended variation of velocity

25 applied to the acoustic panel, including in the region of
crossover. At low frequencies the semi compliant part(s)
108 contribute effective power to the panel member 100 in
a balanced pistonic manner. That piston like action decays
with increasing frequency as the mechanical impedance of

30 the vibrating panel member 100 becomes predominant and is
excited at preferential eccentric position(s). Thus the
active velocify contribution at higher frequencies arises
from the rigid, offset sector(s) of the coupler.

Fig 11B further shows displacement of effective

35 variation of pistonic drive and distributed mode excitation
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27 points with frequency. At | ow frequencies the pistonic

drive point is predomnantly at the centre and centre of mass. Wth
I ncreasing frequency there is a transition to a bendi ng wave
excitation point offset fromthe centre275 al i gned by suitable choice
of panel design and al so conpl ex coupl er actuator diameter and

parts geommadnts Withe fgteqrency. At bee fseawensisfertbe @itamia ed

node poi nt éﬂrvesaéb§nt is preé&ﬁtxfxﬁﬁt fvaer%lmee <HistFd byhhovefcrd yMti on
nodes. | n above Fi, B bendi ng wave transducer nmeans of

10 th@s8pe YitR aRCTEESE fJ r&r‘?é’teé’rCXn thekedfgdé Fsensgtion to
200mMm woul & Olﬁéﬁﬂi.ﬁg" waf abx i.taﬁsdncqrozlnlﬁabfﬁﬁét) mfom the centre,

0 511 DU LI P30 L 0y 0 LS 1ok LEN 9 %109 soppien
operation cxmipler t&ctuaatcmcdlaﬁeetet ramd panmrge;_@netry to alpiveiat, org
from 30Hz fOr,de Sbt %l?ilee ﬁ%ﬁ@ff&i n@i‘QH:QButed mode aﬂé%ﬂeukérd%%lh@- In

its upper range as the pane endi ng node range.
The d|ffen§ﬁ9§ﬂr¥r%ﬁﬂ%ﬁ%?béﬁpgbFFF%Pu§ﬂ°@0GE]éﬁ?%ﬁtlon mode§ hj s jnvention

al | ows subtle rlen W?igh:@@@ ™, ﬁ(bendlngﬂlvﬁé\fé hﬁ.ta&dsdm@?ﬁwsé igf panel
ers \ ane C e ln e rivin
S i th i oRBe with an gvesbft VaRaREREE B RRA° tihadoath; 8

frequency c:mnmrmlwould opesade |"rma|:l:anialcultrram$@d1ceat D.onatlsmqrs)asbﬁ:la)se to

val | sr@:k%% 'xﬂoég%énggcln%g}or 25 o3Ndat g3l ofr‘?f RUIRA P Hdad N9 25

envi r onments an one grade an Si zé 5
sem - conpl iRERLPERARCOr FABBERSiRGY BE usde oﬁ&ﬂ§35ﬂﬂiﬂﬁz to SWietiries

of coupler pfdesiivel %ﬁé’r&i’:ﬁé‘ﬂm lepi SIEP- Wrective NS DElVBRES NOr €
attern wth frequency,

oMl NI CIF IR B0 R, L A SRR
and would decline in its upper range as the panel member

enters the bending mode range.
The differential frequency capability of couplers of
this invention allows subtle refinements to wuse of
20 distributed mode acoustic panel members. For example, in
a given panel a change in the driving point with frequency
may be found desirable for purposes of fregquency control
seen in particular applications, such as close to wall
mounting in small enclosures and related response modifying
25 environments. More than one grade and/or size /area of
semi-compliant parts or inserts may be used on suitable
geometries of coupler effectively to gradually or step-wise
move between more or most effective drive point of the
modal pattern with frequency, and advantageously modify the

30 radiated sound.



CLAI V5 1. Acoustic devi ce including a nenber ext endi ng
transversgl f | .ts thickness and capabl e of sustaining (#}égﬂ waves
causi ng c%'ﬁ)égéageﬂtial acoustic action by 5 reason of areal P |Z |8%g?7110n of
resonant nodes of natural bendi ng wave vi bration over ijs-.surface

cons ' j|gpui red achi evabl e acoustic action of jéﬂﬂsnﬁﬁggnggv s
a 11““'“”"'“4"’””“& acoustic frequency range, wherei fj the F;E;-Jt',gjélﬁog};t”ri
has a di Stricbution of bending stiffnesé8which varies 10 over—the—aiea of ,
t he nenber for rendering said nenbercﬂgég favourable to said area

di stribution of resonant nodes for Pd acoustic action, and the centre
of bendinglstifAoesstic cletdme nenerludingfset fmember gestwndingentre
of the = +iRADGLradPy 2f 1€60URLkncdRVi£ha Reppildlor! Qud@iiBidy
wherein the centt e of mass of the nenber is”located at 1ts geaqnetric
centre. bendingoyaves déapsdngdccePRFRGUEBtirdi nf2ouRkiFei #CERPR DY

\éarsijfit ion ﬁé?beﬂdbﬂgasbhﬁf B..Q.f%?criilltﬁiﬁidﬁﬁlc(rjﬂﬁéé&ﬁéﬂthiﬂgbes % n’ﬁldlf ral gwer
ending stiffpess at _.different si des, respective 0 |

| ocati on fslB?n LR ﬁ"@‘ﬂﬁavglgFgﬁéaﬁce ver 1hSingurface, co %8ﬁéPFc w’“tsi%arbi ce
accordi ng réguined aphéewvdbihg acbaishic actuiver eofhh said membetri @vesf dendi ng
stiffness |} S l.at 1 yel I;ghe r -RgRdi n | f at

di fferent dgg%g?(gesgérrei%e‘?tiéglogé,&o@t Egggggh% ri.]é cg%frgt_l?)% s“gl menber

or said araving & copfdgyrptiodevPEe IRBOFEY ngiiERPTEP aiiRheFeRflY cl ai m
410 V\'?%ﬁfﬂvéﬁﬁaﬁlght6eﬂél_’1fe9in@eﬁdbngaéb;.lfsftﬁ%s%o&:tidml Gthe hieendbbr fir fst
nmonent of stiffness is zero is.to.one_s .of t gonetric.centre o

The. menber EUFthe Hanitbnareadr AL 2tsihiTigns, pF; Read R A HEMREE | o
nonent of ieclpdbngl bendisgi §théfnesss vartia¢ionherelsitnd dio thendpmimed ric
Centre_of sa'dtﬁgmgggb%%re3§aJ%uraﬁ¥§“§g'Q?ige¥£8?%. Q%QE@ﬂﬁkiéﬁ)o@ny

pr ecedi ng et m erein greater and [esser i cknesses of said
menber respprasponades RPgheplidn@covmdisEidtimdsses, respectively,

15 2. Acoustic device according to claim 1, wherein said
member has a location determined by said areal distribution

of bending stiffness for bending wave transducer means to
produce said acoustic action.
3. Acoustic device including a member extending
20 transversely of its thickness and capable of sustaining
bending waves causing consequential acoustic action by
reason of distribution of resonant modes of natural bending
wave vibration over its surface consonant with regquired
achievable acoustic action of said member over a desired
25 operative acoustic frequency range, the member having areal
distribution of bending stiffness including bending stif-
fness variation related to determining location for bending
wave transducer means to produce said acoustic action.
4. Acoustic device including a member extending
30 transversely of its thickness and capable of sustaining
bending waves at least over an intendedly consequentially
acoustically active area of the transverse extent of said
member, the member having parameters including bending
stiffness that predetermine its distribution of resonant
35 modes of natural bending wave vibration over at least said
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29 of said distribution o Bj g stiffness. 7. Acoustic device

accor di ngWaQ S8/39347 p ﬂ mlﬂl wher ei n sai d menbCTGRI8HA621
addi ti onal mass or y prOV|ded havi ng substantially no

effect on 5 desi red acoustic action. . Acoustic deviT @ T AG nrqrtng. o
claim7, wherein the or each addrtronal mass i s of suffji 1 r'rg %( B i
mass that | ower frequency acoustic2action is substantially una g

and has neans of association with said nenber substantially 10
effecti ve atea dezobel econbenant eddih adcthuh:edalachnﬁesabler acoud;rtigd:rer

requency BER4Bh SECLLPR: membel ofEPUS! des A SBoeRERRVE Wbl fLi6) Bl

7 or claim di TT onal are ocate suc that
t he ceﬁ:equencwassamesartdlenehﬁeﬂlpguss'@aﬁ%ne%l%h hiagHidlg nads axeak at a

desired pO&iE'tEEbetl%%l do%'ibersald nkfbeAC 0USid 1G digiy CoraACLOELORT 6P Cl aim

9, wherein_said position_cojncides with t eongetric centre of
sai’d menbepending; sﬂ&%ﬁEFFé dEG1 EEQQCCB?meth%H“Hh?% 69°%E+‘é?n &Fd 20
menber is Bénaahwestﬂmémwmsshlm%m cared £ havi ng

cell -definin thro ckness between said
ski ns and efr n 2:1 e a g’l %C¥§9%%&’I rc:‘inacfr sﬂs'z b}f% Fotler to
provi de theaid \paesasndmdocf | shending ors Wif fimesss ovacluded mesbmtiveby 12.
Acousti ¢ dﬁ!gﬁ%racéiﬁ&d'ﬂﬂvé sbﬁarhg, C#gfﬁws%a't% alfgﬁ?@gef'&&és

sandw ch stradcture having skins on ) avl ng ining “walls
ext%®ndi ng TERPSEH veldyidfy said decaticds fast Rendidyg rvaMg rsrargAv@esini ch
the cell - dgkifisng . walls are of different thicknesses in order to
provide th res mass _ogver

0 |beg diistributio
IR B o it T SRS PR B P e St s SRRy
di stributi whegleimassaisl conmtmiadtizin t d bergdopet rettififmdse cinchudesenber

or said area £21a t%ézﬁéf’y ﬁ%@-{éﬁ# fa%xedg;&‘év&% %%ﬁlqid‘%éﬁ%fﬂ%@*éo "t{‘:?fféf?eﬁ 1d 35

vari ati on I nclu i sed
adebt at i onsiges.t H-’@sm@mérelmerqu gepnatarig igantre aofesa@id membesver sl ot

or cut inteasa @raber.
7. Acoustic device according to claim 5 or claim 6,
wherein said distribution of bending stiffness has at least
notional high and low'centring that is high and low in
20 different directions, respectively, each to a different
said side.
8. Acoustic device according to any preceding claim,
wherein greater and 1lesser thicknesses of said member
correspond to higher and lower stiffnesses, respectively,
25 of said distribution of bending stiffness.
9. Method of making acoustic device according to claim 8,
wherein deformable material of said member is selectively
reduced in thickness.
10. Method of making acoustic device according to claim 8,
30 wherein material of said member is selectively relieved to
reduce its thickness.
11. Acoustic .device according to any preceding claim,
wherein said member has associated means selectively
affording additional mass(es) having substantially no
35 effect on desired acoustic action.
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30 15. Acoustl |ng to claim 14, wherein
| ocal i seq vg)'aég%l on mxmmﬂ“m iffness distribution q[zas%ll ally

define anQneP¢lnscr b-georetry of said menber , FGHEBIHE

arrangenent is favourable to bending wave 5 acoustic aCtiOr_F% th UCo.ruu.g
effective areal distribution of | ower frequency nodes of 4 Héihg'maﬂei EN
dependent vibration relative to said |location for bendi wavBEFLACED

t ransducer neans. 16. Acoustic dev3@e according to claim 15, Wherern

id 10 | I d d tiff di st tion
pormi ¢ hi difor AREHRTEY TS ASterding bhvelatBehbenraeraly Bha, PBn
beyond smeidnxaﬂdrhxbna&|massn§§ less ltharcoamst stguificanttyoafifagtt o any
one of c f% guencgt:@({!&%’ éh§cg¥896raﬂds Pl s AmabhUCidy ea?%‘é{bng a

skin and the rness varratron 1s varying paranetéer(s) of
the skin. iatiom Wiﬁéb@s"thdcméé‘@ﬁ@eeﬁéé@tdvﬁgStlbs@laa‘tﬁfﬁiiy thedecouphe

thickness e tdie ekén L8a2+88hH1SkhRsPHAMIRfher frdfuchPUstbiseeyi ce
accordi ng téacla|n117 or claim 18, 20 mhereﬁ% t he ¢%§%d£§9nndulus of the

skin is a3&iPkkin par anet er . 20. Acoustic device according to any
precedi ng 1d Ai Mcoustidedevice ecaatdidPcabi wldind bENGirng1ste izansducer

means to Rroduce s st Jion als Lyes for ni ction
acoustic tR”rhaeﬁ%Je Erée?hg ﬁ,%%'g &d}i& oué Rs &vi @é:sacs(:%lf%lﬁ"g&}g 3?3 m 20,
conpr|3|ngmss(%&bu%@cétﬁdamﬂmxmﬂnheangfamaﬁﬁdOfo@@a@memhbmaplng bot h
of pbendi n%menaaggi atyﬁfahfg @:réalwsto be a%2aes&%asseak%&oﬁdafvsai&n' t

conpri si ng chassi s, transducer supported, hassi s a
stiff IlgH! %ﬁn panel dlaphragn1be|ng an acoustic device according to
any priecedi Agows td déhﬁcpa@eicdﬁdiﬁiy’ agen beang dr3,viwigddein sagapl ed to

t he transc!fpcsefr @n§°§1'&?§e &%n c%_o(ll%e ?Vﬁuf ensi §megﬁé§s%rern undi n ﬁ‘&

dlaphragn1a rag erein ?
transducemwmb%w{anged to drive the

15 15. Acoustic device according to claim 8, wherein said
member is of sandwich structure having skins on a core
having cell-defining walls extending through varying

- thickness between said skins and defining cells of
different cross—-sectional size in accordance with affording

20 prescribed distribution of mass over said member.

16. Acoustic device according to claim 8, wherein said
member is of sandwich structure having skins on a core
having cell-defining walls extending through varying
thickness between said skins and being of different thick~-

25 nesses in accordance with affording prescribed distribution
of mass over said member.

17. Acoustic device according to claim 15 and/or claim 16,
wherein said prescribed distribution of mass is centred at
geometric centre of said member or said area.

30 18. Acoustic device according to claim 1, 2, 3 or 4,
wherein said variation of bending stiffness includes at
least one locaiised provision of said member.

19. Acoustic device according to claim 18, wherein the or
each said localised provision is a relative weakening

35 groove, slot or cut into said member.
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di aphragm pistonically w audi o frequencies to produce
an audi o m%ﬁéﬁ”‘ﬁnd tol |“]HI Imunﬂ ” hr agm PCT/GB98/00621
31 wi t h ‘bendi ng waves er=audi o frequencies to cause the

di aphragmto resonate to produce an audi o output, the Pﬁﬂsgyg@wuaeumgN
operatively coupled to the centre of nass and/ or geonefr qﬁ?
the di aphragm 5 23. Loudspeaker drBte unit according té rLaL

l_

wherein the diaphragmis circular or elliptical in shape. 24.
Loudspeake20dr i xeocustticadsoridiengacoord titgn 22 crlaimi 48 or ZGlaMerié,n t he

di aphragm&ﬂapéﬁGSzl@AalL '%£rf§£iah@§>  ofCOrSeS@LAY Chad digiawgen

opposed skins speaker _drive unit accordlng to claim 24,
wherein digkeibptipa SP?H§1?§l¥xtéﬁgéﬂebe96ndu&ﬁl€G&@ﬁﬂrﬁhﬁ9 sub-

di aphragm gaofBEgyNak Baiti aemaért h&nﬂxtﬁédaérahg@mlé@tnﬁs favdidramles to

th | t t
on® of "l aFfis PESUIES (TR, SGARFEL ERELARaSH e SRRy & AR Yode
resonant papebl dist2Y¥butdodspfakewexrfinsyuesndy awede sliof) Hemdamg ovesrenf

cl ai s éog,aea@ y LTI g%ltafa%d SAfdeisggwgﬁg?%%@gin% bei ng

conprises a nmounted on a coil forner e Co
operatlveIVaﬁguﬁréésﬂﬁcﬁﬁeméﬁaﬁhragn1 28. Loudspeaker drive unit

according 240 ﬁbah@tl%7!deVlCé:%d)§dfhgg atée“c‘l%q.n’( eﬁt‘)' '%ﬂér‘éli%p%d)n
connect ed bet forper and the g 233|s ) Loud eaker

dri%e uni tlaemﬁﬁareﬁg Yﬁréﬁgﬂ-m‘% Ofh &A1 &P Sof dtlﬁé:%q ¥Ftner is
connect ed perhhe dl:ﬁgl’i‘éﬁgﬂtequenb?e oflek S6F£oB@ndddid | wates EgIRBIRAat | S

di sposed adj. acent the S of. .t.h COI| former, and a third
resilient gﬁ%ﬁéﬁ%?@h ﬁ@@ eg %@?mge% vﬁgl S %nd of t he coi

f ormer and2ghe an@51§itsc aevn.se actoydipgakeranyiome uof tclhzims dl nep tD, any
one of cl afBrein Ahd Onkiibotherel Be! ng{fxﬂﬁe@f st |aﬂh e fRRACLAMALEN tO

the panel |ap ragmis coupled anel ragm
subst ant | afFftpEdPnesse vagitgtion 1s by skin parameter(s .

23. Acoustic device according to c¢laim 22, wherein
thickness is a said skin parameter.

24. Acoustic device according to claim 22 or claim 23,
wherein Young’s modulus is a said skin parameter.

20 25. Method of making a panel member of or for an acoustic
device according to any preceding claim, wherein said
member has an inherently favourable configuration or
geometry for desired acoustic action by reason of areal
distribution of resonant modes, the method including

25 determining areal distribution of bending stiffness for the
membexr including bending stiffness variation(s) with
reference to displacement of desired actual location for
bending wave transducer means from nominal location
therefor in absence of such bending stiffness variation,

30 said variation(s) involving relatively higher and lower
bending stiffness to opposite sides of said desired actual
location and said nominal location.

26. Method according to claim 25, wherein said relatively
higher and lower bending stiffness are along extensions of

35 a notional straight line through said desired and nominal
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31. Loudspeaker drive unit accordi ng to claim 30, 35 conprising

coni cal nect ed between t for mer and t I .
di aphragms%mﬁgg W\\ mr\“gl ng a drive unit as%@%ﬁ’"?ﬂ any.
0

one of clains 22 to 3 | i ght wei ght panel I%@@@ker\“@rmyﬁl
uni t di aphragm adapte cbet dr'f ven pistonically and to belvi raggﬂ_mgo
resonate with bendi ng waves, the di ap[}ﬁagm having a centre
at its geonetric centre and a distrib on of stiffness centred offset from
its Cen”e_LoOfat"ﬁfs 34. Acoustic device according to any of clains 1 to 21,
wherein saitt “has a bendi ng wave transducer neans to produce said
acoustic &%i orfethod ¢Homkimg detpanehatenyes 0l o cBOrdantacdbustdba of

bendi ng staé\ﬁf@ésac?c%rdi%@SF&%aksﬁydrM@cm%g a%tllaaw %HBRELS NPaPhf Set
conpliant and rigid drive coupli ng parts to drive a di aphragm pistonically

centred orffeiPek; &1a3shdafo IR BY f WAL Sha FPREXGPEAELOR t BT sai d
di sphr agmgedies €y tfbe snasimrpacaﬁ*stﬂar adtdcadapf edebgoflr iofe 4h6al

di aph I f d ff t t
exer tat Loy £t fied BE (BERapE MR B N Ao AL eI e . o
hi gher f rsqﬁjehenésn%@tn.ﬁfmas amlw@lm\l Nac@mknpgl(lsg d&Henelgpeakbe drive
uni t act Ugl Oofn GECLAPLDG1hE ﬁb%b%?&ﬁlﬁ%ul%l ‘3.‘2'1 txi?aﬁaqil (HONe £ Op&AdSA

ﬂlgher

di stri buted node acoustic action In ragm at | east at sal
frequenci eSEHEER@SS of WaER| e§§f-96ﬁ§°§a| d'—°r| gf terencesy. betweedr HBeording

t gocl ai m 3 PavAeravber €bNfiferstgbs @ﬁrgéémeai:ﬁom@n&rmwﬁ tavblhie-
pi stoni c dr,yve.

wherein satat %a??gmﬁﬁﬁyeﬁheﬁetas%&%r@%&n%gf wd'at%tﬁﬂr}aﬂ O{%%CZ?! ng§9§esf53éspeaker
drive uniactwahplpsandgonaforadiaraling awave ditmgnsduckeai measpin ethet he
tubul ar NePELydSrable configuration or geometry and known effective
bending wave transducer location in the known favourable
15 configuration or geometry, and further reference to
directions going through both configurations or geometries
and transformations of bending stiffnesses in the favour-
able configuration or geometry.

28. Method according to claim 27, wherein said super-
20 position is with the unfavourable configuration or geometry
wholly within the favourable configuration or geometry.
29. Method according to claim 27 or claim 28, wherein said
superposition is with maximum matching of edges of the
favourable and unfavourable configurations or geometries.
25 30. Method according to claim 27, 28 or 29, wherein said
known favourable configuration or geometry is a construct
by extension from some edge(s) of the actual unfavourable
configuration or geometry.
31. Method according to any one of claims 27 to 30,
30 wherein said transformations involve fourth power of length
for bending stiffness as such and other powers relevant
determining pérameters such as thickness of monolithic
structure of the member or core of sandwich structure of

the member or of skin(s) of the latter or of Youngs modulus
35 etc.
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secured to the diap q

40. Met hod of meking a panel nenber of or for an
acousti e WQ\?P@%‘”&CCQ WQH ﬂm fgecl @i M5 1 to 21, the metBCHCBIO ng

33 determ ni ng = ﬂﬂ'ﬁﬂ!ﬁtion of bendi ng wave transducer neans
in the absence of bending sti'tfrfess variation, and adj UsHingHctheins BEEN

Li

ar eal distribution of bendi ng stiffness for the nenmber i ncl ugimacep .
bendi ng stiffness variations to displad8 the said nom nal | | !
bendi ng wave transducer neans to a desired |ocation bg providing rel atively

hi gher and32 ewebcoeatiiagdeyieentagbydéngoppeberemadgebyoreshprd aEsarkd

actual | ocghd Obr a@Rtla flng028NtepBAsSi te sides of said nom nal |ocation. 41.

Met hod accordin to., claim 40, wherein, said relatiVﬁL% hi gher and

| ower bend?Hg s@g??ﬁgége§£%Y¥F%u(ﬁﬁf?ﬁﬁ%ﬂ%iaﬁk 6PYa REBFBHAPIStTFRYYRE 1 ne

t hrough satYatiesi reHessdnnoai nak | eaaﬁi oa@.crﬁo:i\/etf@d Bemdkhg aavalnlel
menber accprding.to _claima40 or 41, the net Lnvol yi.ng . notionally
super posi ngrﬁgs‘gufgfger?e%ré%ne‘ﬁ ypfogélﬁer eaa&% gf’lggﬁs\é'&ﬁf i aﬁFé{PPonagFOt he

panel nenbeerwes fosubjietbngeomettipnofacousdrisd teabsdushrcheassknown to be
effective nd kah Lhed lysie 1+ akdigligp! SO ,

desired ta?gét %?é%?g%%er d%%%ig% coﬁ%%é%e§§VA¥%éfﬁg ggfuaf$€$%%%$§ﬁtially
ef fecti ve 3FARSBLEcETRBEANLER BRaNfe adulsipdd lpaaetey . aud hagingdbatbor di ng

to claimigs pbgaehy Gave KAAWDHIGUHNIGUIAHiWnO! geonetry is a construct by
ext ensi on om _ SO dge( . of I he act yal. unf avour ab] e
céﬁfigurat% n 0P°ngﬁﬁﬁﬁﬁg A8TIGE hRPLE coFIPRGIEINE aits FRIFLHE, Bherein
sai d transtoana@uoes ismpgortddush hthewshadsienghh starf hehilghyweightness
R g LA T i
resilient edge suspension surrounding the diaphragm and
mounting the diaphragm in the chassis, wherein the
15 transducer is arranged to drive the diaphragm pistonically
at relatively low audio frequencies to produce an audio
output and to vibrate the diaphragm with bending waves at
higher audio frequencies to cause the diaphragm to resonate
to produce an audio output, the arrangement being such that
20 the transducer is operatively coupled to thé centre of mass
and/or geometric centre of the diaphragm and the diaphragm
has a distribution of bending stiffness including variation
such that acoustically effective resonant behaviour of the
diaphragm results.

25 36. Loudspeaker drive unit according to claim 35, wherein
the diaphragm is circular or elliptical in shape.

37. Loudspeaker drive unit according to claim 35 or claim
36, wherein the diaphragm comprises a lightweight cellular
core sandwiched between opposed skins.

30 38. Loudspeaker drive unit according to claim 37, wherein
one of the skins is extended beyond an edge of the
diaphragm, a ﬁarginal portion of the extended skin being
attached to the resilient suspension.

39. Loudspeaker drive unit according to any one of claims

35 35 to 38, wherein the diaphragm is a distributed mode
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t he menber or of skin ?'s) of the latter or of Young 's nodul us.

WD 98/ 39947 PCT/ GB98/ 0

34 WO 38 Hant p:!i *!l", I”,” "'” I’,’,lmyLoudspeaker drive u%‘é%%%%%lng to
any one of clains 35 to "m9;s rein the transducer is

el ectromagnetic and - conprises a noving coil nounted on a coi
former, the coil 5 former being operatively coupled to the di aphragm
41. Loudspeaker drive unit according tt* clai m40, conprising a
second resilient suiﬁﬁgfion connect ed between the coil fornmer and
the chassi&@sonant Pangl. | ydspeaker drive unit according to claim 41,

wherein 1@0. Lordspeake diiveanit aoeordingoboeabedone bdfiecdrapisr agm
th id i1 [ ' ' d ' th
¢ sal 5395°°€§‘ 't’sﬁs' &f%ﬁ&seﬁasgﬁg% xﬁile:igoﬁ e"’l(acacfrfgds?l:iaﬁne% ic ah@ the

said one énd 0O é coi 1™ Torner, suspensi on
i S connectospRi SR Mavigihaoidnduyinted on ateeilofermerpethangodfe

chgssis. IRrmer Being LOpKieDERkSly dEbYS18a1 Eoatrer diBghiragaily one of clains
35 to 42, wherein the end of .the coil forner adjacent to t he panel
di aphr agm4ls cHANERP]AKSK | vATLHE pATdt di 2pFPEghRY  to  <lafPanfal iy at
one poi nt.comprisindglda demodspasdedr] ibnty esugpén sbcnrcongetbedl betrwéan 20
conpri si ng.,conjcal C d n the coil former and the
panel diapqﬁiﬁﬁfa f§¥H@r4§£f§?% i?$§%¥gﬁfmeight panel | oudspeaker drive
uni t 42. dilapHispeakepieive okt ReGerdpngt bR ehalp 4Ad whepein

vigrated tqhd esonabe ¥hihNcBendeBEmdaves ddihdbtredMRE diaphkayily a
centre of mass located at its geonetrlc centre and i stribution

( . 9€ . a
of stiffndd® cttd eBeEPPerepidiPrts susnension 1s digpoged adjacent 44
Loudspeakefo catier i Sapg oonl i eadundf ahe«! @oigd foymepre and a ¢higddai ns 35

to 44. 30 AT aker. drjv ' r LSin of f.set
conpl i ant raensdﬂfllegl?% réjgd/éeﬁ)%b%’gllr%gé%‘g?%g{%% g%ﬁ';}ggg tﬁ8”8'i:h%5i %Blﬁir é’gém
pi st oni calthe cerit ¥ efovremnangi thanchasspeovi de of fcentre resonant

exgitati om0 sphchdh@PbEAMTive unit according to any one of claims
35 to 42, wherein the end of the coil former adjacent to
the panel diaphragm is coupled to dArive the panel diaphragm
substantially at one point.
44. Loudspeaker drive unit according to claim 43,

20 comprising conical means connected between the coil former
and the panel diaphragm.

45. A stiff lightweight panel loudspeaker drive unit
diaphragm adapted to be driven pistonically and to be
vibrated to resonate with bending waves, the diaphragm

25 having a centre of mass located at its geometric centre and
a distribution of stiffness centred offset from its centre
of mass.

46. Loudspeaker comprising a drive unit as claimed any one
of claims 35 to 44.

30 47. Loudspeaker drive unit actuator comprising offset
compliant and rigid@ drive coupling parts to drive a
diaphragm pisfonically centred on an axis and to provide
offcentre resonant excitation to said diaphragm.

48. Loudspeaker drive unit actuator comprising offset

35 compliant and rigid drive coupling parts to drive a



48. Loudspeaker drlve nprising offset 35 co Ilant
anc g docend cou I IIEIFUAT VAR " v Wil

PCT/GBQ8/00621 35 dlaphragm
pistonically centred on an axis |nclud|ng contribution by a | east
one said conpliant part at | ower frequencies and to provide

of fcentre resonant excitation to 35said dlaphragnlby at Ieast one said

rigid part at higher 5 uenci es. Acoust i 8r|ve uni t
act uat or d&%ﬁ&ﬁ%ﬁmugp¥ﬁY%¥&°all ceeﬁﬁﬁplaﬁP'aﬁ?rliﬁkﬁdr%BE B34BFi ng
parts to @dodmt&idution bydaap.Wa&ginqhstQamabbmpatlah&a;iana& ébvw:ower

frequenci by way, - of at l.ea ne.sai l.ant d.to
excite vi%&fﬁﬁﬁ?a&fs and.&P PXP l&ia%%?%&ﬁFﬁ% g% étm5§8 gu%é
distributeald diaphnagie hyomﬂ|kB&ﬁﬁiQmBasaiéa$ugaﬁIpqptﬂatrbngacies by

st one said rigid part. 50. Actuator according
to claim fe%ﬁfq‘tcjl% wherein the rigid part(s) also contribute to

the pistodi% dAGeustir drige uRktiat BFtRASEFdI MPRRFIEARDNeOEESEEai s 47

to 50, compl MM elam@alﬁgmtmqrvee ewu@aru@ewrtcsf &of Uleige manber.
52. Loudspeaker drlve unlt accordi ng

r.l si act
to clai m&5td r? sra}ﬁ&t Towet ¥ﬁﬁg}’§ﬁ‘?i{eﬁe YuB&¥ar
menber i3c§EeuraéaE¢:mMQ @a&ﬁhca@@ulant part and to excite vibration

10 of said diaphragm by bending waves to cause distributed
mode acoustic action at least at higher frequencies by way
of at least one said rigid part.

50. Actuator according to claim 47, 48 or 49, wherein the
rigid part(s) also contribute to the pistonic drive.

15 51. Actuator according to any one of claims 47 to 50,
wherein said parts are end-peripheral of a tubular member.
52. Loudspeaker drive unit comprising an actuator
according to claim 51, comprising said diaphragm and
wherein the tubular member is secured to the diaphragm.



