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PANEL- FORM LOJDSPEAKER This i nvention relates to resonant lr,rﬁ ti- m)ééaso

radiator el enments for panel-form | oudspeakers. In particular, resonant

mul ti-node radi ator el enents which can inprove the sound quality of such
speakers by reducing the occurrence of air resonance within the functional
bandwi dt h of the speaker are considered. US Patent no. 3,247,925 discl oses

a |l ow frequency panel -form | % [ tes by exciting bending
waves in a lightweight, stiff W&Mégﬁg’ggééssent ially stationary
but for the bending waves. Such radiating panels may conprise skinned
conposites_wi th hopeyconb or simlar shaped cellular cores. Acoustic
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how this formo acoustic distortion can ensurin
frequency the seund iquality of isuch speakerseby restucing dbe wcsurmaricaiof airhresarainee afithirhe

panel is athg\fﬁc?igﬁalfbéﬂl&éf‘dgp lthéjgfe%&erg%r%%ﬁﬁé}é%rglgi mt of the | oudspeaker.

Thi s frequency cor unctton d of sound in air, c and the
depth of the panel, d as follows; [err]core [err] c/2.d This expression
fixes the p of th or,e accordi to the desired functional

f requency @%n&:\%\t% W°o%'£ﬁre®50§a§?)s§§k%r ,[ow[ R’gql(félgy RAReFTarR tousisaprakasp ayhich
frequency dgerétes by excilingiendiiy winkes!i0 ddGRRBIGH:, 4 FaBel WMIEK Rthaind BeRAkiAkONAl
to the pam?I,dert h. |t %gn be shown that a second |evel of acoustic

di st or t i orS'HOPENs PHh fosathe bensding waliess pekale Fadiating cranelsi may r eamiprisei gkdnndd: hi n

the panel ,compRBitds WRE HohEROMESUIARE ShASE Eeliular cores.

Acoustic distortion may occur in panel form loudspeakers where air resonance occurs in
the core of the panel. Patent Application no. PCT/GBQ1/O1262 discloses how this form of
acoustic distortion can be reduced by ensuring that the frequency at which the first air
resonance accurs within the core of the panel is above the functional upper frequency

limit of the loudspeaker. This frequency f core 1S @ function of the speed of sound in air,

¢ and the depth of the panel, d as follows;

This expression fixes the depth of the panel core according to the desired functional
frequency bandwidth of the loudspeaker, the desired functional upper frequency limit,

S’ of the loudspeaker being inversely proportional to the panel depth.

It can be shown that a second level of acoustic distortion occurs in panel-form
loudspeakers at certain frequencies within the panel, when a localised resonance occurs .
in the skin immediately aboye individual core cells. The effect of this localised skin
resonance is to reduce the effective bending stiffness of the panel speaker and

consequently the radiation efficiency of the panel.



in the skiggiphedjately above individual core cells. The effect of this

| ocal i sed SRiM T e%onance is to reduce the effective bendi nBCYEBP IR “of

t he panel -speaker and consequently the radiation efficiency of the panel.
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PCT/ GB97/ 03383 2 This invention provides a resonant multi-node radiator

el ement for a panel form|loud speaker having a functional upper frequency
limt [err], .t} | .
having a t rﬁh&m@@m, praviges dgresonasd mul-noede rRdiatos @lengent dori @ peiheMoamdoad
material density p,. and the core having a cell size [err] characterised in
that the Cépﬁalg%iw@wpgrarf}mq:tgonpb@e[ fraRugney dimity i _ ¢ atherrleentviravinigagkinshandfa r st

resonance frequency for i ndi vidual skin f[err] can be predicted b
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Thus for a bk i f , .unit area rr] .and cell
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by, [err] it ticdlispd PPIiSIes&tHanef thickness h with a Young's nodul us of E,
a Poisson's ratio of ‘“dnd a material density of p, this becones: [err]

[V

th E

4f max 3p(1—v 2

It can be shown that the first resonance frequency for an individual skin f . €an be

skin
predicted by matching the skin bending wavelength with twice the cell size of the core.
Thus for a bending stiffness Bw«as, a mass per unit area mw and cell size L the first

resonance frequency of a skin f can be defined by;

skin

= i B skin
f skin 2
2 e \ Mt

For an isotropic skin of thickness 7 with a Young’s modulus of E, a Poisson’s ratio of

V and a material density of p , this becomes:

fo = nh E Equation (1)
= ’ quation
’ 4[111 3p(1-V?)

Thus, by choosing a core cell size to ensure that S skin is greater than the functional

upper frequency limit F nax of the loud speaker, the resonance effect is substantially

reduced. Rearranging equation (1) and relating to the functional upper frequency fimit of

the panel form loud speaker, a suitable cell size [ce” is predicted from the equation:

the el ement having skins and a cellular based core, the skins



Thus, by qﬁ% 'Q% a core cell size to ensure that [err] is greater t han t he
functlonal g%é Prequency limt [err][err] of the |oud sp&&E&
resonance-effect is substantially reduced. Rearrangi ng equation (1) and
relating to the functional upper frequency limt of the panel formloud
speaker, a suitable cell size [err] is predicted fromthe equation: WO
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[err] Reduction of cell size can therefore provide inproved sound quality
by taking the first air resonance frequency of the skin outside the

functi onal bandw dth of the spe r—As.this frequency is inversely
proportional to the square of the cell, size, cQgsiderable inprovenents can
be obtained with snmall variatio s)bp tthe cell 9gize. A further aspect of the
i nvention provides a panel &f orm_loudsgeakel cortaining_a nulti- node

radi ator el ement as descri®bed f na | ouds peZREFUONYRY her
conprising a nounting neans whijch’ 983%p radi ator el enent or attaches
it to a supporting body, in a free undanped nmanner; and an

el ectromechani cal drive neans coupled to the panel which serves to excite a
mul ti-nodal resonance in the radiator element in response to an el ectrical

I nput within the functional -frequency band of the |oud speaker. Preferably

the |oud sp&degiongrcell gize gap thex afeaerpwﬂemrom sond qualityl kyrtalsngnthe fishair on
is less t h?é%oh@f'lcfe frdtRichBNEH tRE s \batsidethB f@ictibhs baR¥GSth JfLEIQ&Ebé)qu@I'. AL ggyency

limt of the lou ) .
frequency is inversely proportional to the square of the cell size, considerable

improvements can be obtained with small variations in the cell size.

A further aspect of the invention provides a panel-form loudspeaker containing a muiti-
mode radiatar element as described hereinabove. The loudspeaker further comprising a
mounting means which supports the radiator element or attaches it to a supporting body,
in a free undamped manner; and an electromechanical drive means coupled to the panel
which serves to excite a multi-modal resonance in the radiator element in response to an

electrical input within the functional frequency band of the loud speaker.

Preferably the loud speaker will also be characterised in that no planform dimension is
less than half the bending wavelength at the lowest functional frequency limit of the loud
speaker.

Although in describing a radiator and speaker in accordance with the invention, the term
“loud speaker” is used as a convenient nomenclature, it will be understood this should not
be read as suggesting any limitation to, say, hi-fi speakers alone. Rather, the invention is
applicable acrass a rang of speaker sizes from the smaller scale to the very large for use,

for example, in large scale public address systems.

A particular panel core of this invention is illustrated below by way of example with
reference to a panel core comprising a 0.5m x 0.5m square of aluminium skinned,

aluminium honeycomb cored composite. The core depth is 0.02m and the thickness of

each skin is 0.003m. For Aluminium, £ =7 x 10", p =2700 and V = 0.3 (mks units),



speaker . Aévbr; &ﬁ%r n descrr bing a radi ator and speaker in accordance with
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nomencl ature, it will be understood thi s shoul d not be read as suggesting
any -lim.tation to, say, hi-fi speakers glone. Rather, the invention is
appl i cabl e_across a rang of speaker sizes fromthe srral | er scale to the
very |large for use, for exanple, in |large scale public address systens. A
parti cul ar panel core of this invention is illustrated bel ow by way of
exanpl e wi re eregice to a panel core coggrrsr ng a O 5mx O 5m square of

al um ni um -a—zrggn rRRPAHDREY c ompls 308H7 coispo fisswming Hhe cdesired] asppbr i S
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(2) above, slzheornp>lgl butresapprdtifatelyZeofem, [err] becorres appr oxi mately 0.016
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CLAI M5 1. @8,5@ nant nulti-node radiator elenent for oud
speaker wi t?u u‘gctional upper frequency limt [err] 9???)&38?%
havi ng -skt-ns—and—-aceltul-ar based core, the skins having a thickness h,
Young' s ' son s ratio of ¥ and a material density p, and the
core ha ﬂﬂm@nFmﬁHﬂa! [err] characterised in that the cell size [err] is
l ess th i S nel -form | oudspeaker conprising a nmulti-node .
radi ator el enment; a nounting nmeans which supports the el enent or attaches
it to a supporting body in a free undanfb®!MRinner, and an electro
mechani cal drive means coupled to the el enment which serves to excite a
rrulti-m)dal resonance in the radiator panel in response to an el ectrical
input withitn a¥X mﬂﬁ@n@?lﬂﬁfm@@mmobaﬁmeﬁbﬂondnepamnjcfosm)émjdespedkar afthes i sed
in that the nul ti-node radi ator elenent is a nulti-node radiator el enent as
clai med infCHINA 1. 3. URPBRIRIUSNEY iMitofils peliRealeraentc having dking and ai caliglar

characterised in that no SI anform di nension is |l ess than half the bending
wavel engt hbagediapse,| theusking havng edhickrese duerYouny's madubifs £ hddissod'spatidkef V

and a material density p, and the core having a cell size L. characterised in that the cell

size L is less than:

1
2
nh E

4fmax k3PQ—V2

2. A panel-form loudspeaker comprising a multi-mode radiator element; a mounting
means which supports the element or attaches it to a supporting body in a free
undamped manner, and an electro mechanical drive means coupled to the element which
serves to excite a multi-modal resonance in the radiator panel in response to an electrical
input within a functional frequency band for the ioud speaker characterised in that the

multi-mode radiator element is a multi-mode radiator element as claimed in claim 1.

3. A panel-form loudspeaker as claimed in claim 2 characterised in that no planform
dimension is less than half the bending wavelength at the lower functional frequency limit

of the loudspeaker.



