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rel ates to wbbimeisow frequency transducers for use as slt,wao
aut onot i ve speaker systems. BACKGROUND ART In aut orotivePSHESVABE space is

extrenely limted. The need to mnimze the size of the speaker is
constantly at battle w t HLTRA LQWFREQUENGCYWIRANSDUIDERAND per f or mance of

t he speakers. This is es Uy j C@E@RIE ubwoof ers, where 10
ultra | ow frequency sounds are p?%f':iuc:ea%ﬁ pea @fEFMess is a function of
the volune of air displaced by novenent of the diaphragm which is in turn
a function of the stroke or excuFEGHNIGHL FIEED di aphragm and its diameter.

The | ower range of t@&ﬁﬁ&hﬁﬁbeﬁﬁ eﬁ@ﬁﬁjﬁ?%vﬁ%q cg’flter {gg{s}(ﬂfg‘g%g}t gzl down

to about_, 40-SO M However, wi th nodern recordin
recor di mgs YEKeALsE Hrapemofivisepker systals to as | ow as 20 Hz or bel ow. There.

is a need for a subwoofer thatgg; CE&? rily reproduce these ultra

| ow range signals. DI SCLOSURE CFQ% q@é@%\l The present invention is

directed to an ul tralH3gRmoHEEReRkeIE, sheomhis dxiowrely Kmitadr The ngxdac mériaiy e

di aphr agm swpgies be e, #eP S kRktaftl) aliduid +n 0. .20 di gphrragm has a
Dape tedm{ltﬁ;?he re"(‘friﬂzgngu|'zraé§1 9 -rﬁ%)ﬂ%{mlﬁ? S?‘Wg 4 The

rect angul ar peri phery suppor sket .

transducer PeifPrmagge ‘i’fl}*lFBF aprekersy  @his veespeciabntnleyin sepgse oPshblvgofrewhasket and

conpri sigNg w16 15 R reciprocal ly supported voice coil
| inked to the di agﬁﬂgym &rﬁeegglggdcoil I's connected to a signal source.

In this way, the driSrepker dowlasts| is o sfiuntiapt eftteovahone @f teis idgplated by om t he
ot duce ul (aeuaitdr BEBAER, Wit Rth i « S0 Bk SKereiribh HERE conpr i ses
a | oud speé!@?lm&‘ﬁr?ﬁﬁiiﬁiqi\gﬂme Thatove-raeeoofi thetypishlt staed spaalter @f| waoRY
I below, Thereisa
need for 2 subwoofer that can satisfactorily reproduce these ultra low range signals.
DISCLOSURE OF THE INVENTION

The present invention is directed to an ultra low frequency transducer

comprising a concave diaphragm supported by a basket for axial movement. The
20  diaphragm has a rectangular periphery supported in the rectangular front of the basket,

The transducer further includes a driver assembly supported by the basket and

comprising a permanent magnet and a reciprocally supported voice coil linked to the

disphragm. The voice coil is connected to a signal source. In this way, the driver

assembly is adapted to convert signals from the signal source into reciprocating axial
25  motion of the diaphragm to preduce ultra low frequency sounds.

The present invention fiuther comprises a loud speaker comptising the
ahove-described ultra low frequency transducer supported inside an enclosure, In this
loud speaker, the enclosure has a rectangular opening and the rectangular perphery of
the diaphragm is about the same size as the opening.

30 Still further, the present invention comprises an ultra low frequency
transducer compising a basket having a front opening and a concave diaphragm. The
diaphragm has a periphery sized to be supported in the front opening of the basket and is




t he di aphragmis about the sane size as the opening. 30 Still further, the
preseht invention conprises an ultra | ow frequency transduc? Eﬁi @ng a
basket haviwgognfg.;sont openi ng and a concave di aphragm The |2a§g 5 s a
periphery sized to be supported in the front opening of PHEUHYE and is 1

22 APRIL 2004 W x1131975 PCTFUSC0141347 supported therein for axial
nmovenent . /Auppasted Bheseis Upor exiabimogemmnov i Al ddxibleostRdudd & pﬁﬁﬁéﬁ%ﬁé{%ﬁ{e the
y t

di aphragm e [ , sas.descrihed gbove, |S supporte he
basket. BRI !E% Ef IE@S%P%W@' m&“’%ﬂ‘l@% “ﬁ?&ﬁ?‘t‘-ﬁdlabi’% i suppgvted by it al

per spect i véiagtebw of the | aud speaker of the present invention. Figure 2 is
a front elevational vie m uency transducer. Figure 3
is a |longitudinal secti \(I)ﬁrgflfgp | 8ﬁﬁi%wggquency transducer of
the | oud speaker of Figwerleisla gt fongl persfectife ﬁeﬁe&-rmpgﬁ%%/@ Lew of the

basket of . E&\ﬁolnow frequency transducer. BEST MODES YI NG OUT
THE | NVENTI he present invention is directed to an ultra | ow frequency

transducer, that i Sﬁimﬂﬁﬂﬁﬁhlemmﬁﬂ&iﬂﬁf(ﬂfe@&J]@ﬁtﬂ-ﬂyﬁénx{'{zrﬁga&g‘gd ng only
10 ak

about the | owest twg,, ves .15.of. nusi ¢, from about 20 out 80 Hz.
The transducer of }A%‘ég%%g;s ¢ Ipngitdinglsectional xiew of; e eulimm dewnrfeegurngor cone) .

The per i phémysdeer bfwbe tiud pealegof Figiirede rect angul ar or  square. Alternately,
e i 208 The i aph Y A AT SPAERDrDEe VBV ohbS barbrios dealminm Gmescal c0
usual Iy redmmsdgaet.ar, and thus the air displacenent in the speaker. 20
s Shown theroi n a FES) MADER BoR LR YBREGramE VENHO coont | nvention
and designated  gendhalprsemyinvention &f @reeRE o Hﬁ'ﬁiﬁfaalbwlﬁ)eq%lﬁb? ggr 10
ST anaduc St S RBHIoG Pl dChefoivehrm R onisabeu islgwaot ceen o Do
subst afi abf yusiq@oheatoin20 Hi toubbiS0GRE 118 tradsAnceSE ME fleschP RVEhtbE has
a concave diaphragm (or cone). The periphery of the diaphragm may be rectangular or
square, Aliernately, the periphery of the diaphragm may be round or oval. The
rectangular shape maximizes the diaphragm area relative to the enclosure, which is also
usually rectangutar, and thus the air displacement in the speaker.
20 Tuming now to the drawings in general and to Figure 1 in particular, there
is shown therein a loud speaker in accordance with the present invention and designated
generally by the reference numeral 10. The speaker 10 comprises an enclosure 12 with a
frontal opening 14. The enclosure houses a transducer 16 with a diaphragm 18 having a
periphery 20 sized to be substantially coextensive with the opening 14, As best shown in
25 Figure 2, the frontal opening 14 of the enclosure preferably is rectangular and more
prefersbly the opening is square. Similarly, the periphery 20 of the preferred
diaphragm 18 is rectangular and more preferably is gquare and is about the same size as
the frontal opening 14. As used herein, “rectangular” means a paralielogram with a right
angle, and square means a rectangle with four equal sides. In those instances where the
30  periphery of the diaphragm is round, the enclosure may be rectangular, square or
cylindrical,
With reference now also to Figures 3 and 4, the construction of the
prefered transducer will be described. As indicated, and as best seen in Figure 3, the
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2% Figure 2, the frontal opening 14 of the enclosure preferably is

rectangul ar and nore preferably the opening is square. Sim Ir%'%g, It_%m
peri phery 2»909{:3154}9 preferred diaphragm 18 is rectangular a Bé
preferably 15 square and i s about the sane size as the ¥r¥R0%3¢peni ng 14.
As used herein, "rectangular"” means a parallelogramwith a right angle,

and squar e disphragmd 8riecireng) thavikfthe hnerasprtial body fation bDistdaparlly dsteances
where the 3 riyphery of t.he diaphragm.s roun t he, encl osyre may be
rect angul arsl,%pg%uég gseg?f’ew‘g’yl TORERT cglr'?lg%ettﬁ ﬁ\"‘é-’f"@'r %&%WWEF%%R‘F‘BWW gures 3
and 4, t he shapadi crogtsectivnaliat hivea depthe Thiy, Sebnidvehwslle Biclude bdnikeodmaft | bed, As
I ndi cated, apd.as best seen in Figure 3, the 2 WO 01/31975 5 22 APRIL 2004

PCT/ USOO/4f§Qﬁal'di aphragm 18 i s concave, that is, the inner aspect or body
portions22 is gener dfley dikphagms N8peekferdily ukedndder ef Na  spREACaYR-ANks rel ative
to the front, of the encl.qsur.e and ot es, .Sha i.n Cr.oss-section that
has a dept HPIWBQ?“G'E‘BWEM*“ Wﬁwd%%ﬂﬂqﬁg‘gﬂgdwwgﬁ’ grmped, T e cal . The
di aphr agm Wémping et staridingnmeles of te didphepal whid mefsiifﬁm&lsupg%éé@ﬂeﬁw ene
nmat eri al t% igrver stiff _and highly internall dan‘ll)ed. he i nternal
danpi ng co S EXCHIFIAN- RS PEelrrd disphten i Fesigiant tmpilgtionaunlight apdies s
suppr esses ofdigfe, duri ng Marge excursions. The preferred di aphragmis

10 The, diaphragmin a

Subwoofllr 15 Subj oot PiRIGEEdR 2 JUHOoR A B &EAL 48! ShRerTRCREG
excur si on. of e High Exclttidao For thid puPbsepihe algiphehmi13 ib GoriRE with Binkdpéing Or Ci ng
Pr of o abl y HOsSPh a0t PL LSS IS PREt, B (S WP JUPRECAY (ST prrabibinen 1¢ (&
made. | n t kg tkeb afecostoad fasted et the dibshrabintwhendgimk8e.i ncl udes a surround 30
15 extendi ng around .th eri pher 0. The surround 30 conforns to the shape
of the periphery ofmttﬁ%gﬁfegpﬁl‘ﬂ Fﬁ‘é?ﬂz“i‘S‘.“’ Q‘ﬁéi‘a}pé@ﬂ‘ Bolieindasr b fyremndio t he
surround 3exteidinORoeNd it poipREP 20€ CTHcOfuronitl 36 8shibiRsOb Nthe sKAHB\dPthe | S
relative t%er&pmgryfc{f%é cli%];hrgg?nelss.pﬁ%lﬁerai J&%mﬁon of the surround 30 is convex in
cross-section. As used herein, “convex” is relative to the front of the speaker. The
sutround 30 preferably is made of a flexible, but shape-sustaining material, and usually is
not the same s the more rigid material used for the main body 22 of the diaphragm 18,
20 In the preferred embodiment, the diaphragm edge is stepped down to form
a platform or flange 32 to which the surround is glued. The stepped-down flange 32
adds to the rigidity of the diaphragm 8, and serves as a convenient point of attachment,
usually by stitching, for the inner edge of the surround 30,
To improve the performance and durability of the surround 30, the
25  comners are provided with one or more radially oriented ribs or pleats, one of which is
designated by the reference numeral 34. While the pleats 34 shown are outwardly
extending, the pleats alternately may be depending grooves, Further, the number,
spacing, width, and cross-sectional shape of the pleats may be varied. The pleats allow
the surround fo collapse and expand uniformly as the diaphragm 18 reciprocates. This
30 reduces distortion and buckling of the surround 30, particularly at the comers in the case
of a square or rectangular periphery.
With continued reference to Figures 3 and 4, the transducer 16 comprises
a frame or basket 36 that supports the components of the transducer, The basket 36 has a
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surround 30 preferably is made of a flexible, but shape-sustaining

nmaterstal, and usually is not the sane as the nore rigid natejy or
the main bogyedief the diaphragm 18. 20 In the preferred err?oidlﬁﬁeﬂrlﬁ?gpzﬁe

di aphragm edge i s stepped down to form a platformor flRAYESHEIHE which
the surround is glued. The stepped-down flange 32 adds to the rigidity of
t he di aphr dipnt 38andunteas 40 vemectsd by = plovabing efhtroR ol Nhieréberwideh 2TRERBAL38 Usual |y

by stitchi : | o edge of .t h utround 3Q. To inprove the

per f or mnc@%gﬁ%ﬂgd% E@ﬂ#@?}&%% @'ﬁ%ﬁgﬁﬁﬁﬁﬂy“ﬁoﬁ mf’?%g“fgaﬂﬁ‘?ﬁ‘r'ﬁéf‘%‘““&rﬂé provi ded
Wi th one oroutenflengeaisi aul thg swrouad S@dlr thissvay| the pedihery 06T (B¢ didhlirdh | 6

desi gnat ed by, e ral 34, iIle the pleats 34 shown are

out war dl y ngrgéaﬁgioﬁggee?]%%%p‘}d;a S °aTW8%¥€|I§ SHRRoTeE oy b framtndf ef eves.

Furt her 5 t fasketdfh ePreferaiy chobasketi isl rade af dieaa@SiumSif@h) ol cathdRfn@h t he

pl eats ”aybg&fﬁigﬁgfegﬂ,{,ﬂ;ﬂ’gﬁ?t'i%?t aeLI ow the surround to coll apse and expand

uniformy a rocates. This 30 reduces distortion and
buckling of the surriMordpdficulily) ta GUndiey thit Willebs ABRfibed Rerdblir Clise Of a

square or re n [ riphery. Wth continued reference to Figures 3 and
4, the trar%a%l%%[rg %’%@%ﬁyfg@g&‘g 7 gﬁebaélfe’t 4% fXialg reokpapcal moveREs t he
conponent s igidetthe edci@aedilc eThough fot BhcE herdf, £ 3Gka rdy2ee ARl 280 VO
01/ 319 P 47 fro 38 and ear .40 .connected by a plurality of
st rut sﬁl ?i%—%% ege)t%vijigae%ufm%dgq ?“gﬂ”tng?féﬁz ﬁ?@fﬂgﬁa‘tﬂ ‘fﬂ{’]"sbﬁkﬁ\?’iﬁde‘timﬁﬁe[fﬁd a pl anar
edge 42 hagisitgt wmatedaleis Rubdtendaqutiedrhich i @6Rposed aP fosd hiiberd [cASHEd 461 On t he
surround 3 this . wa h riphery,.20 of the diaphragmTs, by neans
of the fIagggé’z%pgﬂ%fﬁﬁx’?ﬁﬁwg%?&wF'éfag‘ff‘pported on the front 38 of the 5
basket 36. Preferablas bishaednainkRigure 3, el €erttdr gtPnCAS bf MelBiufiiiihm e cast
al um num bask .S more rigid.th sfanped steel, Mre particularly, in a
nmanner t han%sﬁrﬁly B f%‘étg?,g??lﬁgh Fpé?%gﬁéﬁ%dﬁe‘“wﬂﬁlé(phﬂhﬁrﬂ‘%mﬁ@ {%héy eby
suplportléd operitivelybasséobited3 &rith ar mﬁmbla!drivé:eﬁhmwtab, mwgrmn%ctscﬁuﬁa,idgs‘o t het he 10
encl osure u 0 erein. a gasket nmay,be attached over e
flange 46 B3P ?%%Obﬁﬁlp @ﬁ%ﬁ%@?\g‘ah%p‘zt%& F‘&%’rﬂf ‘E%@}@’W%F"“Fﬁés Basket 36.
A pref er r edtachmisiretmfendntialiya thescld3ebaidef 2 Rbianehil fodies 52 ins iGREMARGRLOT f 0am
rubber, Chﬂpﬁgp%na&dand %ch%biltfg r%vll:rd m%g'beegégs%l iIt ?snfigh%%glilghé (S)n_orlng'ng/ndsurfaces.

retains its shape at high temperatures.

20 While the surround 30 attached to the front 38 of the basket 36 js the

upper suppart for the moving system, a spider 54 preferably provides the lower support.

A progressive spider may be used to reduce stress on the glue joint at the former 52, and

force it to the outer regions, The spider 54 also provides soft mechanical limiting and

centering as it extends radially between the former 52 and adjacent annular section 56 of
25  the basket 36.

A voice coil 58 is supported on the former 52 in a known manner. A
longer voice coil 58 is desired as it gives the driver greater excursion capability to move
more air and produce more low bass. A preferred coil for the present invention
comprises a 4-layer round wire. The wire insulation and coil adhesives are designed to

30 handle the heat associated with high power operation,

The coil 58 is attached by tinsel leads 59 which connect to terminals 60

supported on the annular section 56 of the basket 36, The external leads 61 conneot the




As best seen in Figure 3, the center portion 48 of the di aphragm 18

preferably is frusto-conically shaped and extends inwardly. %Ag'@?&bagm
18 is 15 qu;,ﬁ_f!b.)gel y associated with a suitable driver asse é)/ . yet to
be described, al so supported by the basket 36. To that ehcdl'U§Wal38hen edge
of the diaphragmcenter 48 is attached circunferentially to the closed end
of a voi ce BRI Grtrersigsal sourca Gkrausinastharsdio.or ARk IKRPETN aR bABHMRIER COI |
former is r;ii%frgi.ed because it is lightweight, strong, and retains its
shape at high tenperatures. 20 While the surround 30 attached to the front

38 of the basket 36 Asthtkasel lepiesd mugsploth the ainish of MBS weliSk @dsp@ SPi der
54 preferal | Si t., . rogressive spider may be used
to reduce s%rg%gié&(\)ﬂﬁqtgﬁgé g‘ﬁﬁéegﬁlggft'yg‘ﬁ?@ﬁg@@]ﬁé?%F‘”“a"i@‘d"‘?@ﬂa@% At to the
outer régi GaslarPaes lapieddmaybedhadwieg topiodids addifdnal BaEF Yof 8 chidTiwidchy and
centering st s ad between the former 52 and adj acent annul ar
section 56 of ???ﬁgg%gs%tﬁg%&cﬂ%\%ﬁ‘ce coil 58 is supported on the forger
52 in a known nannerPrefecablycthe dransdocer € Scaimpridd irSind@fidr @S idbm@iyes t he
driver gre TearfeHLr S LlLty to,myve . nore _air and produce nore | ow
bass. A prg&gﬁéd coisek&g%s‘r:ﬁ?ogghlﬁ:bg'gyel?ﬂmqrr‘?&peqﬁed{WWi@@Sﬂ‘%ﬂsﬂﬁﬂlayer round
wire. The wpipewihﬁ:uhmszodnmmﬁmnbfﬂnamewaayanerdﬁ%iagﬁ%gntl@wi Qpdrandl e the
i S attached by

heat aggoci | Lbah, power eratjon. The coil 5
tinsel Iéeag.s Eg %‘f%ﬁ%%ﬁ%fe@%&’? 5‘%@1‘%3&@%‘5 25 3 Ipreasesdle dgidionel thennul ar
section 56 diaphragie thfisthetintkit difpieag fex. MHis RS dreRYY\RGbn 588n ég?Z APRI L
2004 WO 01 I /.termnals 60 t signal source 6l, such as
the radio ﬁ%gﬁgﬁégégaﬁﬂj%ﬁ‘%ﬁ%ﬁwwi%é’%lé&f%"gure 1). As the tinsel
| eads 59 nust absor [TheNeicenibfarmér STk felicopizallyereteid ol &IRMSTOR piede@BIC
currents tghéﬁ‘ﬁ°¥gj:é:€5?ﬁ‘%’%ﬂb§’8i n%lhﬁf desi r@bl,e to use two braided
| eads. An 5 anhnufar cone cé"s * PR fepiauioaming ¢ selspice ver®8t i onal
suppor t3f oifhe veat 69 wé) enklaiicehthe speslter abdipliane byGeliedR prdsbué® frin GRa T Si ons.
Preferably ransducer. 16. conprises, an_i nyerted structural dome or dust
cap t hat extends across-t - an _
oa v ol b R0 OBlise TS RS el ped i remnagnions and
encl oses t frequencies and generate noise as air rushes through the voice coil gap. This is
especially important in long throw drivers, A screen 69 may be placed over the vent hole
to keep foreign material from entering the inner motor structure.
20 The transducer preferably comprises a back plate 70 in form of an annular
ring. More preferably, the pole piece 66 and the back plate 70 are integrally formed in
one piece of metal to improve mapnetic field strength as well as heat transfer. It is
advantageous to dye the back plate 70 and pole piece 66 black to increase heat transfer.
In the preferred practice of this invention, the back plate 70 is formed with 2 “bumped”

25 portion72 to allow the voice coil former 52 maximum movement without cver
contzcting the back plate. The lower windings can be damaged and cause driver failure
if contact oceurs.

A permanent magnet 74 is supported between the back plate 70 and atap -
plate 76, A suitable magnet is a ceramic ferrite magnet. The magnet 74 should be

30 optimized for the performance of each driver assembly 50. The size of the magnet does
not always relate to the amount of bass produced. Too large of a magnet structure can

over dampen and restrict diaphragm motion, reducing officiency and low response
characteristics,




voi ce coil fornmer 52. Integration of the concave body 22 .of t he di aphragm
18 wi.th the 10 concave dust cap 62 in a |locking action is adw S
i

it increasegobiifisfs gidity of the diaphragmto further ighjbi
flex. This integration creates a piston action that is ﬁ&#’g‘s@f‘f%&ive,

especially at high sound pressure |levels (SPL). The voice coil former 52 is
tel escopi cal |y receiThedtop\pigte (7hengages thei lower Gififace éhehepRhiCerd BF 8f B8

ref erabl y pj b , r.«f Or m a pol e, pi,ece vent 68. 15
'FI)'he vent %ghﬁetﬁé eqirl\lﬁérﬁ%eteﬂb?%%eésépée&g‘ﬂ%rﬁms&c@fﬁgfwﬂ?% op BF&&?iW@ﬂéssure

f rom under atafBediigdhe basketds, witildbe woisecoil birser |52 and itahed ki lge di aphr agm
novement a lmg' A € noi se as air shes through the
voi ce coil EEHSSMTH gﬁi S ée':gre?lﬁa ?%‘lpl% n‘%;)ﬁogﬁ?m}?‘n ‘ﬁd’ﬁ& ‘P‘WW‘HF‘?WS. A
screen 89 hest78ds desisddelinguany aphlicationsy astiowil! protectliaemaguer Bi g&nm?,ﬁﬁ'éal from

entering taﬁmﬁﬁ?@fpﬁq&g@%%ﬁ&:ﬂﬁ? g%gmglpﬁatransducer preferably Conprises

a back plate 70 in an annu . More preferably, the pole
pi ece 66 and the badltepghmlas sifaca B8 of the aggmit 19 addthamehuisn sufRe sPLESS Of net al

to i nprovepBaRels are s ?1@(% s.wel |l .as heat, transfer. It is
advant ageous to dye _tshe eﬂa‘t%ﬁa I a‘g Ovoécr?cf’oﬂﬁé’r?ﬁ‘%f!%a@épﬁgaé&h@dh? ncrease
heat transf@il38 isenergined by »signal dompihe sighal gowée 62) & saghstR Rl crdafa® ypack pl ate
70 is figr mpgd J4f . o R t /2. to allqw the voice coil farmer
52 naxi mm m%%ﬁ?mﬁ%’ﬁgﬁrtgm&%gl} 9&@851%@%2%5”’@%[ 85&“551 & formgS2 ower
wi ndi ngs cam Ibed?ﬁhngm d&sﬁ:ﬁteei:tamitet%uluscipm:atefaf:}cialllggraﬁ.cli< pi‘(fduf@ﬂi?ug&t -;glg%i{ s. A -
per manent Agts | r ween ac ate and a'top plate
76. A suitable U%gn‘é‘ttﬁ??ﬁgp%gr%?% lge‘%‘%ﬁpl ?‘t ﬁlbegwgtpﬁefmemﬁﬁé}ﬁ@tbﬁ'ﬂlﬁshoul d be
30 opti ni zblackteimpmyee rat rasefernce of each driver assenbly 50. The size of
the magnet does not xalavs: he. ampunt . of . hass oduced. Too | arge
of a magnet struct uF&g can mo}@%"rEL gh%%gﬁegwaen&;gxgc{a&y ‘ﬂFﬁB‘m&ééﬁ’ﬁ"ﬁé‘tﬁi on,
reduci kg efop ivlqte(el?fctp cioatk 4 mwerlmii‘mnm:ineﬁhﬁelgm provige 'u'.a&fh dﬁf)mﬁg}, uq;gl,?w?s f22
APRI L 2004qy:P 47 T on. pl ate 76 epgages t ower surface o
the rear iﬁ'ﬁ % %? g?f?e bcégfgt% y%g_ﬂm%sﬁlﬁgw?lﬁrg. Bﬂ? nﬁ?‘é’@@ 3w helps kreppl at e 70,
nmagnet 74 tadoicepoipedler liyonchmbowing itetl upper coil windings to radiate heat across to
each other. This is desirable because heat buildup can cause speaker failure. '
Now it will be appreciated that, in the ultra low frequency transducer of this
20  invention, the use of a square or rectangular disphragm and surround maximizes air
displacement in a square enclosure, As a result, the diaphragm size and thus the
displacement volume are increased as compared to a conventional round diaphragm
designs housed in square or rectangular enclosures. In addition, a contoured, pleated
surround improves performance and durahility in speakers of any size and shape.
25 Changes can be made in the combination and arrangement of the various
parts and elements described herein without departing from the spirit and scope of the
invention 45 defined in the following ¢laims,
INDURSTRIAL APPLICABILITY

As will be apparent from the description, the invention is applicable in the
30 field of sound transmission and amplification.




attached to the basket 36, while the voice coil former 52 and attached

di aphragm 18 are supported in the basket for axial, recipro APRYE %004 A
soft rubberWeeémwi#gnet 5 boot 79 is desirable in many apptifslsgs. as it
will protect the nmagnet 74 from chipping and adds to the appearance of the
driver assenbly 50. The annul ar surf 0 of the magnet 74 and the annul ar
surface 82 of the top plate 76 arecggié dradially fromthe voice coil 58
providing a gap 84. WHatts diimedizpi | 58 i s energi zed by a signal. fromthe
signal source 62, a,mgngtic field-is created in 10 the gap 84 between the
voice coil farmer 5Z°and W&%ﬁﬁ‘?ﬁ“@ﬁy%@q@‘gmﬂﬁ@ﬂ%r mer 52 and the

di aphragm 18 | i nked atbasket hdvihpraaedtd; taxi al l'y and produce sound. The top
pl at e 7§3 focuses the magnetic field in the gap 84. The top plate 76 may

al so be’dyed bl ackat°8n7%?ff) With ¢ Fectangulsr perighesaized to be Mpparted i, t he

pol e pi ece 66 pref erabl ytHeSrorudfansiackerlABpioRed fol BibiGRowahh.i® 10 Create a
nore uni form magnetic,field tﬁbﬁrow de |inear diaphragmtravel. This

reduces distortion &aff%G % ShRpagsd Sy \therdwsket Tamprising er peoieentl so hel ps

keep the voice coil coolnagmebynidaf rediptcRuy SudpbRed PREE 59 (hnid Q‘%li s to
radi ate heat across to eagh other. This is desirable because heat buil dup

can cause speaker fail ur &8P sithe Ypirq copleconpgsted tp 4t sgnal snurce, wherele ul tra

| ow freguency transducer thefdrivir dsendlly isRuGHdd t@rbon\‘ehggiélﬁ% o ﬁlcssg#. e or
rectangul ar di aphragm and surround nmaxi m zes air I'splacenent ™ Tn a square
encl osure. As a resul t, TIFEFCHRIQFIPRGANNG axial mation of tke disphragdi to predoenent

vol unme are increased as GIGIRW RéubRyang@fventional round di aphragm designs
housed in square or rectangul ar encrosures. In addition, a contoured,

pl eated surround igprov. erformapce, and durability in speakers of any
si ze and shape. 25 anggée %gﬁdlﬁ’gr ﬂﬂ%@ml‘t]\ WihsEein, Gieorertanauian ‘%ﬁﬂﬂﬁﬁheangerrent
of -t he varhaskes andithe testanguiargiediptent of dibatiaphiagadrd Wiitiglardd t hout departing from
the spirit and scope of the invention as defined in the follow ng clai ns.

| NDURSIRI AL APPLI CABI LI T- i b rent, fr.omth escriptjon, the
i nvent |Bo?n is appli cg'bl e ?(hndb‘t%ﬁiggdh% ﬁ %ﬁgﬁlof E’Bﬁﬁﬁﬁ%aﬁ%ﬂi@ §d

anpl i fi cattopwrisigg 2 AcxiPRISUTRABH 4rousiDhe feriph@y of REAEARIGHE01 41347

4, The transducer of claim 3 wherein the surround is convex in
cross-section.

5. The transducer of claim 4 wherein the surround is formed ingo at
20 least one radially positioned pleat at each comer.

6. The transducer of claim 4 wherein the surround is formed into a
phurality of radially positioned pleats at each corner.

7. The transducer of claim 6 wherein the pleats extend outwardly
from the surround, ‘

25 g. The transducer of claim | wherein the diaphragm is provided with
a pluratity of trugses.




CLAI M5 What is claimed is: 1. An ultra | ow frequency transducer conpri sing:

a basket having a rectangular front; 5 a concave di aphragm wi APRIL 2004
réct angul arw@esigisery si zed to be supported in the frong asket ‘and
supported for axial novenent; and it driver assenbly supported Dy the

basket conprising a per en net and a reciprocally supported voice
coil linked to the 9gi ag%rglb‘{ﬁpeq?ﬁlg"%“é’ég’coil connected to a signal source,

whereby 10 the drivenesissatellaying § rthapiiathpbfipgonvert signals fromthe
signal source into re@iaﬁro ating axial notion of the diaphragmto produce
ultra low frequency®86@nYY reguen PHUSErCAMBRSINGf claim | wherein the

rectangul ar front of theachraeatiaphf@m HEn 5%&%@3&5}%{5}%&?} éﬁ@f@ﬁg{%'{em

di aphragm are both square. 3..The transducer of
di aphragm further conpri si ngi2% %|tsreptapgudas apeningiofithe iendotiine wietdpher y of

the di aphragm 4. The transdugegiaghragnd ﬁisﬁhfbn‘é@%reakﬂ!m f‘ﬁ&rtr?{oﬂlﬁ‘u,; I s convex
e

in cross-section. 5. The trans ucer of claim4 whereln dis
formed into at .20 | east one SPHBTUEH PR positioned pl eat at each corner. 6.

The transducer of clai m# gfier QisserdbRe BRbH [ into. plurality
i %ﬁgﬁ?%?."ET"ﬁﬁe%g?ﬁﬂﬂdcﬁ%

of radially positioned pleats at each corner. T & claimé
wherein the. pleats extend outHFesHly synrered Yeicesaoi! limkerdito AS didphriime,

transduter of claiml wherei fid bR S LAY L . a plurality
of trusses. 7 W) 01/31975 5 10 22 APRIL 2004 Uil Oifce by’ R
dnver assembly is adapted to convert signals from the

signal source into reciprocating axial motion of the
diaphragm to produce ultra low frequéncy sounds.

10.  The loud speaker of ¢lazim 9 wherein the rectangular opening in
15  the enclosure and the rectangular periphery of the diaphragm are both square.

11.  The loud speaker of claim 9 further comprising a rigid basket
having a front and a rear, the front being rectangular end sized to support the rectangular
petiphery of the diaphrapgm.

12, The loud speaker of claim 11 wherein the diaphragm further
20  comprises a flexible surround around the pcn'phei'y of the diaphragm.,

13.  The loud speaker of claim 12 wherein the surround is convex in
©rogs section.

14.  The Joud speaker of claim 13 wherein the surround is formed into
at least one radially positioned pleat at each corner.

25 13.  The loud speaker of claim 13 wherein the surround is formed into
a plurality of radially positioned pleats at each comer.

16.  The loud speaker of claim 17 wherein the pleats extand outwardly
fram the surround.




PCTI TJS00141347 9. A | oud speaker conprising: an enclosure having a

r'ect ahgul ar opening; an ultra | ow frequency transducer corrprizsz' RAPRIP 2004
concave di%%hraﬁg]mth a rectangul ar periphery about the sane size as the
rect angul al'P8Ye&f7hg of the enclosure, wherein the di apRCREGEN34Eupport ed
for axial novenent inside the enclosure; and a driver assenbly conprising

a permanent nmagnet BNd FThenQw He&tbt Yadt'p thé @%m%m ' d to the
di aphragm W{ﬂhpj vQi ce coil conﬁgct ed to a gﬁ;na s?ﬂ ce, mkjrr%‘g%%t he

driver as urpllly gHUWSSES) t o convert signals fromthe signal source into
reci procating axial notion of the diaphragmto produce ultra |ow frequency

sounds. 10. The |om.spemmhmvﬁdqamy&mmﬁfmﬁﬁlaﬁﬁ{egtanﬁul ar openibntghin
e di aphragm are bo

15 the encl osure and the.rectangul ar, periphery of t

square. 11. The IoJ’gmglbeggﬁvé’Fg PEH“FH%Q further conprising a rigid basket
havi ng5a front and mconesve,didphRgin it a P& rsed 8k Gn$hZfshtt O support
the rectangul ar peri phery,of th%a%aggﬁg&% 12. ‘Ijhe“?’P{(])l‘Ségl s?)%ezzik%hr of claim
| 1 wherein the di aphragﬁ?%ﬁ%qél?e t rfﬂlgﬂc‘gé‘%f%a’F‘FléWW"surround ar ound
the periphery of t heflaipinrea ardihd thiRiip fIRCRMragdl: afd 21 M 12 wherein

the surround is convxa%cl i N crqQss sect E(g% é‘ .. The |oud Speaker of claim13
wherein the surrourft %P HFORRYY |SHRROTted (bY| g hasksh comprsing |3, PrEMNet oned pl eat

at each corner. 25 15. Tigndiod peiteialip fsusionbdvbize WA Bitkdtdemsurround is
' tioned pleats at each corner. 16.

formed,into a plurality, of radially pasi )
The |§3d speaker of cl aﬁ?@?%&!?é’i’ °P‘Pig"‘iﬂ“@‘é?dst°ék§‘@f’él seresaavbarehy from t he
surround, 8 22 APRIL 20@ driver assembly is adapted to convert signals from the signal

source into reciprocating axial motion of the diaphragm to produce

ultra low frequency sounds.

19,  The transducer of claim 18 wherein the surround is convex in
15  cross-section.

20,  The transducer of claim 19 wherein the surround is formed info at
least one radially oriented pleat.

21.  The transducer of claim 20 wherein the surround is formed into 2
plurality of radially positioned pleats positioned circamferentially about the surround.

20 22.  The transducer of claim 21 wherein the pleats extend outwardly
from the surround. '

23.  The transducer of claim 22 wherein the periphery of the
diaphragm is round.

24, The transducer of claim 18 wherein the periphery of the
25  diaphragm is round.




WO 01/ 31975 PCT/ VSOQ 41347 17. The | oud speaker of claim9 wherein the

di aphragmis provided wth a plurality of trusses. 10 15 cr i

18. An ultra | ow frequency transducer conprising: a basket ﬁé@%ﬁéﬁ%@pgnt
openi ng; a concave di aphragmw th a periphery sized to be supported in the
front opening of the basket and supported for axial novenent; a flexible
surround around the periphery of the diaphragm and a driver assenbly
supported by the basket conprising a pernmanent rmagnet and a reciprocally
supported voice coil linked to the diaphragm the voice coil connected to
a signal sourc wher-eby * the driver assenbly is adapted to convert signals
from the signd™ sour ce Amelgelex fisaenay rarpducer gpmpaisingn of the di aphragm to

produce wultra |ow.,f JThe transducer of claim 18 wherein
R BAGe A QiR o

the surround is convex In uter of claim 19 wherein the

surround is formed aidigphragm withastctanmlar periptielyysiged 16 bk ¢GppRktedin thd frontl he
transducer of claim 20 ere% thtg surround is fornmed into a plurality of
radi al |y positioned pl e&tbgbasket 19 axiakmevemend, wherela) thy diapbregny fatherur r ound.

20 22. The transducer ofa&hal 1 e} t y from
ofepAkdD 2 Latise Mi‘roti.lg@ erﬁﬁiﬁg@?ﬁh@?@of

the surround. 23. The transducer of claim?2 t he
di aphragmis rotnd. 24. difpbragmaandithecfronsfofcthaibaske whercini thetsorropet isphery of

B L MmN T

whetein the surround is curved in cross-section forming an arc and
the pleat longitudinally defines an ar¢ ¢oncentric to the arc of the
surround; and ‘

a driver assembly supported by the basket comprising a permanent magnet .
and a reciprocally supported voice coil linked to 'ther diaphragm,
the voice coil connected to a sighal source, whereby the diiver
assembly is adapted to convert signals from the signal source into
reciprocating axial motion of the diaphragm to produce ultra low

frequency sounds,

o . 26. - The transducer of claim 25 wherein the rectangulat front of
the basket, the surmround, and the rectangular periphery of the diaphragm are all square,

27.  The transducer of claim 25 wherein the diaphragm is

_concave.

28. - The transducer of claim 25 whetein the sumound is convex
in cross-section. '

_ 29.  The transducer of claim 25 wherein the at least one radially
| extending pleat comprises a plurality of radially extending pleats.

30.  The transducer of claim 25 wherein the pleat extends
outwardly from the surround.

1g . o




a diaphragmw th a rectangul ar peri phery sized to be supported in the front

of the basket for axial novenent, wherein the diaphragm furt h3es
a flexible surround between the periphery of the diaphragn12%%AFﬁ§EPPg%t
of the basket, wherein the surround is forned into at |east one radially
extendi ng. pl eat at each corner, and wherein the surround is curved in
cross-section formng an are and the pleat longitudinally defines an are
concentric to the are of the surround; and a driver assenbly supported by

the basket conprisi Ad-«a per mafbattransducet of cleind 25 whertlor thealiaphepppiar t ed
voi ce coi %gag?l +ALARNA0M  the voice coil connected to a signal
sour ce, V\,lhpgArvlé y tl{ngg%uP@g:?b as_é%ghbl y i s adapted to convert signals fromthe
"~ signal source into reciprocating axial notion-.of the diaphragmto produce

ultra low frequencg2sounds, AQoudiipealter omaptiiey: of cl ai m 25 wherein the
rectangul ar front of et, the surround, and the rectangul ar

t he bask
periphery of the di %ﬁ?@% Ing 8 re ¥ OPFNLIThe transducer of claim 25

wherein the di aphr agiujs 169 BedN&icy &insdh sgscer of claim25 wherein
the surround is convex in ?%gss-c}srectsi oﬁ&c%‘.ﬁHT’E > transducer of claim 25

wherein the at | east oneabashethaving ancclanglilardiqut,dhe basketnizedds ba rggeived! i ty of

radi al | y extendi ng pl eats. ﬁ& oe l‘li)he t ransducer of claim 25 wherein the
pl eat extends . outwardly fro ﬂﬁerg: PPSund. 10 1 a 22 APRIL 2004 3. 1., The

transducer of claim 25 vidisphmeinhwitch abinggler periphbfyoNicdad baishppiieRlinr al i ty
of trusses. 32.. .. A loud Sp;ﬁk?;%g co&mri sJ ng% an encl osure having a
rectangul ar opening; an ul t r 32 oWty qﬁ'@né’iﬁ t i saklelemopesngnt inpide  the
' ' enclosure, wherein the diaphragm further comprises a
flexible surround between the petiphery of the diaphragm
and the front of the basket, and wherein the sumround is
formed into at least one radially extending pleat at each

conter, and wherein the swround is curved in cross-section

forming an arc and the pleat loﬁgimdinally defines an arc
- concentric to the arc of the surround; and |

a driver assembly comprising a permanent magnet and a
reciprocally supported voice coil linked to the diaphragm,
the voice coil connected to a signal source, whereby the
driver assembly is adapted to convert signals from the
signal source into reciprocating axial motion of the
diaphragm to produce ultra low frequency soumds.

33, The loud speaker of claim 32 wherein the recfangular
cpening in the enclosure, the front of the basket, and the rectangular periphery of the
diaphragm are all square. ]

34, The loud speaker of claim 32 wherein the 'sumﬁnd is

convex in cross section.

35 The loud speakcr of claim 32 wherein the at least one
radially extending pleat comprises a plurality of radially extending pleats.

11 °




a basket having a rectangular front, the basket sized to be received in
the enclosure; a diaphragmw th a rectangul ar periphery sized ﬂP#fL'ZOM
supported in the front of the basket for axial novenent inside the

encl osure, wherein the diaphragm further conprises a flexible surround
bet ween tte periphery of the diaphragm and the front of the basket, and
wherein the surround is forned into at l.east one radially extending pleat
at each «coner,- and wherein the surround is curved in cross-section
formng an are and t3fe pl eat |Trgiouddpesket yf diafh rB2swherehr the plef¢eRferd C t 0
t he arc of ynd; and.a driver assenbly conprising a permanent .
magnet andmgagﬁggﬁ%g %??Vmgﬁpported voice coil linked to the di aphragm
the voice coil connected to a signal source, whereby the driver, assenbly

i s adapted to converd7.signal s Theoioud Rgeaked Gﬂa!airﬁl%’!rﬁﬁe&iﬁtﬂncrcﬁﬁﬂlﬂ gl ing

axial nmotion .qf,th li aphragm to produce ultra | ow frequency ‘sounds. 33.."
The | oud P8 ag4w5$a@ﬂ§aﬁV§;gﬂﬁ@®ein the rectangular opening in the o
encl osure, the front of the basket, and the rectangul ar periphery of the

di aphragm are all square. 34. _ The |oud speaker of claim 32 wherein the
‘surround is convex in cross section. 35.e The | oud speaker of claim 32
wherein the at |east one radially extending pleat conprises a plurality of
radially extending pleats. .11 .a 22 APRIL 2004 36.. The | oud speaker of
claim 32 wherein the pleats extend outwardly fromthe surround. 37.E The

| oud speaker of claim32 wherein the diaphragmis provided with a.
plurality of trusses. 12 ‘
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