Y 4 WO 01/31975 PCT/ US00/ 41347 ULTRA LOW FREQUENCY TRANSDUCER AND K LOUD
SPEAKER COWMPRI SI NG SAME TECHNI CAL FI ELD The present invention rel affes to
ultra | owboesmency transducers for use as 5 subwoof er sctosooaisonot i ve
speaker systens. BACKGROUND ART I n autonotive speakers, space is extrenely

limted. The need to m_pi i Lze of the.speaker is constantly at
battle with the need ngﬁm%mce of the speakers.
This is especially truaNImLOU® SESLKER CONPRRIRGSAMBEre 10 ultra | ow
frequency sounds are produced. Speaker |oudness is a function of the vol une
of air displaced by novenent of the diaphragm which is in turn a function

-

of the stroke or excursion of twm%ﬂw..and its dianeter. The | ower

range of the tyDi cafhegatRnRRA RlatdY 1o A 1B frefilnly RIRHRAToRS T 0 about

40-80 Hz. However, w th nodern recording techniques, 15 nusical recordings

gener at e FawRofersjor awpmpliyespeakensystemy as 20 Hz or below. There is a need.
for a subwoofer that can satis ' duce these ultra | ow range
signals. DI SCLOSURE OF THE | me € ‘B?gsent invention is directed to
an ultra | ow frequdnaytotmotimsshesicers, spanay dxtremely dimitedicEhvecnedd apiindmize support ed
by a baskgt for I al venment he di.aphr a as a _r.ectangul ar

per i phery&'s"ftfﬁfo?ffl ﬁpﬁar]ﬁ%ﬁés F?ﬂ?{aﬁ%ﬁf 3?2'8&“8&&81”%?4]@ PaREE SRR #f ansducer
further ipafontiescecofthd ¥idakes.s Tzl ¥ eSpepially tRd ibihelca® dfaukwbofersdwh&enpri si ng

a per rr(gnent magnet and a reciprqcally supported voice coil linked to the
di aphtgniltreiew fsqusacy snunds are pogieedt ed to a signal source. In this way, the

driver assenbly isgpagtap! Biddess $OMV firctioh DPathé vohmne Bheaixsliﬁﬁﬁlzedsg rce into
reci procating axial = 25 notion of the diaphragmto produce ultra 1ow

f r equencymevemnen of thealigphragey, which\iein thwra fonetionof theshpke arexcusipwofithe peaker
conprisin - | 0 elﬁgig K ported

I nsi de an&g%%?%gg‘ggf{gldgﬁtﬁﬁ%é bﬂ%oi&g}e{; ?)aedg R\grf Tﬂ(et g?\%ﬁr%d;#gﬂﬁ%g wé)%Fbgct angul ar
openi ng aerlytdperates clowmgial shoutpt-3QpHer Hawever, ithdhedsin regonding tedhoiques, he sane

ol £ 1 als 0wt Br e TakRSes el ma Il henals S oLloR 38 20 HAB BRRLC TrgRIRR ' 000 1
and a conaeddori subloafenthatidan satikfapdrilpprddace thesp alttajidve tangs sigeals.t 0 be

supported in the front opﬁéegog{mg&m%ﬁwoﬁs

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
diaphragm. 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 produce ultra low frequency sounds.
The present invention further comprises a loud speaker comprising the
above-described ultra low frequency transducer supported inside an enclosure. In this
Toud speaker, the enclosure has a rectangular opening and the rectangular periphery of
the diaphragm is about the same size as the opening,
30 Still further, the present invention comprises an ultra low frequency
transducer comprising 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



1 WD 01/ 31975 PCTI USOQ 41347 supported therein for axial novenent. A

fl exi bl e surround i;s provided around the periphery of the diaphragm A
driver assavdbdy3l9%s descri bed above, is supported by the PQIAS0¢/41347BRI EF
DESCRI PTION OF THE DRAWNGS 5 Figure 1 is a right frontal perspective view
of the | oud spea af the .present .inyeptign. Figyre 2 i.s a front

el evat i onals“m%g'ﬁﬁgﬁﬁ?ﬁe{oﬁl n1°3W’eq%e Wﬁ? P%@@Hclé rr’.f°V@9dgﬁrP%m§‘h°s a

| ongi t udi naleripteey bfthe diaphragmofA ddiver uiskfbly] addséribad abs¥, isshppdsedbetheof the

| oud speaker of Figure 1. 10 Figure 4 is a rear perspective view of the
basket of tH¥ehitra | ow frequency transducer. BEST MODES FOR CARRYI NG OUT

THE | NVENTI ON The pr esenpRiEMVBBSCRIPTIONGE TRESRAWNNGS Ul tra | ow frequency
transducer, that is, a transducer capable of effectively reproducing only

about tHe | owest twoFigeteal dsa right fonteliperepectiveoviewndithe kadipeaker abthet 80 Hz.
The transdg,g&gm veh{}gn present invention has a concave di aphragm (or cone).
The peri phéery the di aphragm may be rectangul ar or square. Alternately,
t he periphery of t heFiguredis adionheigvational wigwof the uitvelow fltlquency tratisduaggnl ar shape

maxi m zes the diaphr area relative,to the enclosyre ich.is also
usual |y rectangul ar, ﬁ%ﬁ%f léhlt%lsa f%gﬁ'g{?al | tbqnglcglﬁ?n?isﬂﬁ ‘Pﬁgqgﬁe%"fs&?%o
Tur ni ng nowrahsducEref tiedvadpakenotip@edl and to Figure 1 in particular, there

is sho therein a | gud speaker in agcordan ith the present invention
and de\é\{bg nat ed gene?’(ﬂl}""y‘f)‘l‘ﬁ331 T¢, RETSRACHY S HER "gg’ﬁgf‘s}ﬁ of ghe ‘ﬁ“%l%@eélk‘%‘%"ylo

conprises agmsdweerosure 12 wwth a frontal opening 14. The encl osure houses

a transducer 16 with_a di a&Sragm 18 having a 'Pl%i phery 20 sized to be

substantial |y coext cBEPTMQPES, QR&%%XM%OM IN¥E wn in 25 Figure

2, the frontal openi g S ibRetENE Skl th'aff ' r and
i Do e SeuchiSf Rl

nmore preferably the opening Is square. Simlar of the
preferred thatdglatmysdure capablenfieffngiivelyrepradicingronlymbeficthe lowestitwo ocavese and i s

bout t ' t I ' 4 d her.ein,.
Fect anl ok, fbm3bout A0t £ 3808 s03RE i abine AN R iR Bion % roans a
rect angl e v édncdveudiaphrpgeal (o8 caley. Therpériphery dfnisd disphespmniney de rdeeangdlarper i phery

of the diaphragmis round, the. enclosyre.. be rectanqul,ar, square or
cylindri cal"’.q“ﬂg‘t hAﬁgT‘@PLﬁéfngg R glys%tsti’ﬁ @%ﬁ% may B T ,dt‘ﬁe‘w@gn uction

of "the rectangular shape maximizes the diaphragm area relative to the enclosure, which is also

usnally rectangular, 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 TFigure 2, the frontal opening 14 of the enclosure preferably is rectangular and more
preferably the opening is square. Similarly, the periphery 20 of the preferred
diaphragm 18 is rectangular and more preferably is square and is about the same size as
the frontal opening 14. As used herein, “rectangular” means a parallelogram 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

preferred transducer will be described. As indicated, and as best seen in Figure 3, the



preferred transducer will be described. As indicated, and as best seen in
Fi gure %V h 2 ti WD 01/31975 PGI/ USQ0/ 41347 di aphra 18 i s concave,
that is, Q @“Pﬁner aspect or body portion 22 is general W”shaped. As
used her ei n, "concave" is relative to the front.of the enclosure and

denot esdj hr&ﬁfﬁfl% is &@ﬁﬂ?ﬂmﬁﬁ?ﬁb%eﬁ‘ h?ecthﬂf’oody feHbR 22 T gtherally aBmave” woul d
i nclude conical or frusto- copical he di aphragm 18 preferably i s nade

of . a shoeed.ahs B%?Félﬁfems ["esoayso s Tsatiye fothe fomt %frtheafnclqsalte gd denates ast j f £ and

hi ghl y El%é’{x{\ﬁvbés}ép&ﬁﬁﬁﬁ‘& has'd) B ScondhREPWOEd ﬁﬁﬂid@%ﬁca‘ito?ﬂmt@—q waves on
t he di aphr a?m while the stiffness suppresses flex during large

excur si eemcal.-The preferred di aphragmis resistant -to pollution, sunlight and

nmoi sture. 10 The er. i ubject eal of
streés because oﬂ{ IE gh excuﬁ&l on?} F{)r t st&gurQ 0 é?:xa? Edrkegfl%‘ghr agm 18
is for npdypﬁopﬁemeemafenahthagls Yamshﬁ‘sqnddnghlyfmmﬂh dampctias frgnanteﬂaby t he

ref erenge ure 2 Pref abI usses are ont ours

o1 o ARPRE RRSmE Srdihfes oh thE ERARR, Ypite ISR IRnEE B80! pont . 1 he
di aphr agiminglatgecdxtagtsions: - Fhy prefened aﬁphrhgmeinesistinﬂ@ pollation) stilighpard phery 20. .

The surrouynd 30 confornms to the shape of the periphery of the di aphragm
18. The MOAEYE- configuration of the surround 30 i's convex in cross-section.

As yged herein, "Ligigphragnin £hdwoser isub jge:&raog%atq&altdteus@%&ege The
surround 30 pref erably is made of a_ flexi but shape-sust ai ni ng

mat er i alof therigh syawsion. i Eor_this pjrpqsgethe digphegm; Hoisforaed Wish aeipforcng al used
for the  al.Q Aﬁggx%&h%dw%gsd @%&rlﬁ: iihetd? 26 Fightess) er&f}@.aﬁrgbod' ment,
g own

t he di aphragm edge 1s to form a platformor 32 to
whi ch thl@twsersmnt@rsqbuwmmrfhe@m*pmwammfmmge 32 adds to t he

rigidity of the ’%%g‘f S @r%}f pt |
attachnent, usughy y sti erﬁr ng, ér?‘b\rﬂ%t(ff e?g\éﬁm& faﬁ:ﬂe surround 30.
To i15pr exendihg amﬂdhﬂpmlﬂleanmdu'ﬂmbsduouydd Blﬁldohfmmsrm dhﬁnsha.gé) ofttlneeI 25
corners are ro NEwQr. i.a qr j ent i bs ar eats, one
of whi cﬁ’l iy{h ﬁéalp}é\%&gy e‘eherlg er%nrf’r(:g Hu?rg g\°s§§° %d‘\RVf F%nte’ﬁ pl eats 34
shown aromssm&onandl.:ys useﬂtlmrmh igonvek®® iptedaiive talthee fromtt &fl t}merspgakhe Thpendi ng
grooves Furth:l tJ U« rdf.mtiegc(i ﬁg svvldth and. X ﬁss secti onal shape
of “Che g i preaby K i, Bt s S RSV IE | apoe ahd
expand mmhfs@mé 3 themofeaigid materialused for deahgin bedy 220f thd digphddnt e8luces
di stgrtion and bu](iikﬁl 1% of th% 3urrordlnd 3 girl)‘lartlcul ar‘lﬁl at the corners in
t he Z@ase ferred embodiment, the diapht edge 1s 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 18, 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 comers 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 to collapse and expand uniformly as the diaphragm 18 reciprocates. This
30 reduces distortion and buckling of the surround 30, particularly at the corners 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



of a square or rectangul ar periphery. Wth continued reference to Figures 3
and 4, the transducer 16 conprises a franme or basket 36 that supports the
conponent s Y WHES: r ansducer. The basket 36 has a 3 WO 4AGTHIS§(r41347

PCT/ US00/ 41347 front 38 and a rear 40 connected by a plurality of struts

41 t her ebetgygesy mﬁ@reﬁf@@&oﬁ%&e@ﬁ?ﬁ%ﬁﬁghyost"@ﬁh%ﬂetWé&b Py ag edge 42

having a rec ss 44 adapted to receive an  outer ange 46 on the surround

30. I n thi prefergbly ispropided withra/piager etige 42 having hresgsn 448adaptsd terzeenivedn t he

fl ange 46 el h20S ! I 8. basket
36. Pr eferggﬁe&?ﬁ@g%&?&g?ﬁ&m@ e%@%ﬁygﬁ&gﬁﬂzﬁ&% lﬂjh(r:%elsgl um num
basket is iyrmeans @f dhd Hamges4@opabe stremind 30piscsypportadcon thel fronti 38 of thenner

that will be.d ripbed .herea r,.the I aphragm 18 is.thereby supported on
the. basHet SHCEET RREEapoY, BE bide i i, it 6 Bt Aoptiuh. 708 Ehe huiBR
Though not baskewis nives Bgid thah stabdpe@bteélny be attached over the 10 flange 46 of

the surround 30 and under the front edge 42 of .fhe hasket, 36. preferred
gasket material s Ig patighlanty; | TRNPTS ﬁﬁh&dgﬁ’"ﬁ’@aﬁ?’ﬁ@be@? chopped

and gl ued gidpfiraBO¥8 HEthRREDS SEHrRA lonSB@ Ibadket BB Mr BUAll dcHRocalmdVeméntseen in
Figure 3, the center portion 48 of the diaphragm 18 preferably is

f r ust o- coniieside the shelpste bhd Thoughmet shawnalheniy, a gasket apayher eigehedPvesthe 15
oper at ippel | | ' j Y, e

doscri g, MafBERESANE iyl 26 i uhdke o, Al KB AROREDbAAYS, Weprokeell] o o1

t he di aphr apgsket erstezial #8Ritbatexabrand mebicle iis compased of ifednt yubiber, tcheppeiamdd end of
a voice coil forner .52 | ner A Kapton br.and voi ce coil forner
S preferre%“eget&?ﬁosvé elatne::.lg llelllkt&% V\%I{‘Tlgﬁf,&rfsafersbng, and retains its shape at

hi gh tenperatures. 2Qs\Bestl seeh e Figure Gunkk Séhtert poridneds tof therdiaphragh 188 of t he
basket 36 is the wupper su rt .for, the novjng syste a,.spi der 54,

pr ef er abl yHS?fLBRﬂ"éfe? %‘ﬁ%"'?‘lfﬁ‘%ﬁys@ﬁ?ﬁ%?’? °’ﬁerf5ilso‘8}"@é§’i'vgﬂh§p4‘ffg’?a%§}§blé used to
reduce Bt r esperafivel} RSsobiated Wwith At suthblt [eivEOiR@AbIP 30, 8dto b desribdd, lalkot he
outer regions. The Zﬁ‘lader 54 al sqQ Erow des soft mechgpical limting and

centering £upported by dhe Baskel 36, T hakende the aPsR cfgs ofcthe SBPhIAgM LaMSFA8E annul ar
section 56 &Eche@@h&xﬁﬁe&ﬁ%@hmﬁﬁ-cloﬁgd/&id%,aﬁ&gg @@%@%9@9&% @fnretie for ner

52 in a known manner. A _|onger voice coi .desired as it gives the
driver greah daptonchrard weice spihibormer js pisformed decayen 8 ialightavsighp rsrgng eandor e | ow

bass. A pref&inkad ELtlIi%{teﬁxg@ra sent invention conprises a 4-layer round
wire. The wre insulfation and coll adhesives are designed to

20 While the surround 30 attached to the front 38 of the basket 36 is the
upper support 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 connect the



30 handl e the heat associated with high power operation. The coil 58:is
attached by tinsel |eads 59 which connect to termnals 60 supported on the
annul arWOMBIh 56 of the basket 36. The external | ead®CTUSOWERMEct the 4 4
n WO 01131975 PCT/ US00/ 41347 term nals 60 to a signal source 61, such as
the  adiefiniffls 60 5a Blefdl 8burt 6 A Ludl AN Pidico ABEpIaYar ' & ahbmotife (° L1 nsel

| eads 59 nust absorb the abuse of notion as vve? as transrfner ar ge

cur r ent Biguws :he voice coil 58, it will be desirable to use two brai ded

| eads. An 5 ann : ' ed. 1o _pravide di tional
support for the gg%?ﬁ%ﬂ:%a@%?tﬁaa: SO ?ﬁea%’p%%%ﬁ‘ﬁsve" vﬁsgrémgdcursi ons.

Pr ef er alatge dukvents rtatisdvaies cdib 58,0iwill hesdeginatile) e nsectivosbraided Meads. dane or  dust
cap 64 that extends aCross .the d ortiqgn. 2Q of t i aphragm 18 and
encl %s egmf‘h’écm‘?g’lr%cg 6?&“?3’ % QE?"%QW;‘.‘E%@@QPP%&“BRW{]%Eﬂ!fﬁﬁ&ea\)ﬂg“%dy 22 of

t he di aplstagoehdurerdpbtitiveavide excarside dust cap 62 in a locking action is
advant ageous as it ingreases the rigidity of the diaphragmto further

i nhi bit di aphragrﬁr?th@’ﬁ{y '%ﬁi‘?“ﬁ‘ﬂi‘&fgh FPE'HXﬁqseaé't’é%' pA FRICHIRAl LOMedF t hat i s

mor e ef §igg bdp/6d thASRRAIPAoss Bie BYAY Poftion 20 of BREaPhPaghtMPAr ehcibbes thel NEe_VOi Ce
coil former 52 is telescopically received over the pole piece 66. The pole

pi ece 6Boips eqibfommen52. sintegrtion of therronerye|body 22 of the diapbragmyl&wishithe pi ece vent
68. 1015 v, L %Q%@g@sr Lo j . j evi ng
pr e%gur e %ﬁl@gﬁzﬁglo ust _cggn %Eﬁv ervmas?gt, ﬁtaﬁilyseé gfre(e}%é&t}ér"e&%;éght I npede
di aphr adiaphregme ne firrthex inhibit digpheagmefiex. chhinintegrption creates a piston astiomthat r ushes

t hr ough. t ' cQll.. Jhi S Lal I nportant in |ong throw
dri vers}s'ﬁgrg\éﬁécglﬁ/e’égﬁéﬁé@%tem gﬁgiﬁgt?@ﬁ%gég%; hole to keep foreign
mat eri al from entHie voicetdodl formee 152 imtelescopically teneieed GA@r theolerpietsdocer :
prefera conpri ses ck e 0, i.n formaf an annular ring. Mre
prefer a%ﬁ’é@?ﬁ“ﬁ%ﬁé"% 4 I%E‘lb% ﬂ?%léolg) ciEr -Irg?rg)%a 8‘?‘8 PI<it (‘-58!‘%?1 y forned
in lg?emé?&ﬁ_&fwiﬂmcémd@mvewmﬂd ﬁﬁédllﬁoyfe'll(i&hﬁb'l plbﬁsﬁfhgﬁ'dﬁn70 d&ﬁdelmﬁé ~as hggt
transfer. It is antagequs to dye, t he back.pl ate and po i ece

bl ack t GuRtrespei o QHISEViFey AR fRupseure | igbh, dmpses GipphzeeT, MRVERER i lovh o

i nvent i @Rqudnbies ka8 Kgelbrateenoitt ia$ alrORiRRE: Wirdughathe Diofaeeebil 8. POTHid @) 72 to
al l ow the voi ce coi _formag 52 paxi num novenment. Wit hout ever contacting .

the baclespseially imposiant ig\jens 55 aprred 6 amaydeplacediovss thegepthaler failure

i f cont 3¢ kecnFEreiph mater® oM ARking Bdiler Atbtdr StrictieOr t ed bet ween the back
plate 70 and ' '
20

at O‘llj"he 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 magnetic 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 a “bumped”
25 portion72 to allow the voice coil former 52 maximum movement without ever
contacting the back plate. The lower windings can be damaged and cause driver failure

if contact occurs.
A permanent magnet 74 is supported between the back plate 70 and a top
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 efficiency and low response

characteristics.



plate 76. A suitable magnet is a ceramic ferrite magnet. The magnet 74
should be 30 optinized for the performance of each driver assenbly 50. The
size of thad¥ Y6 does not always relate to the anount RACTHENY4¥4bduced.
Too | arge of a magnet structure can over danpen and restrict diaphragm
noti on, reducing ef fpyel YIS sudhar ristl

01/ 31975 PCT/ USQO 41%}%7%%%??% Ang%%gtggﬁé% engsages %ﬁ%glr%a?weérnﬁ?usr aétgg of the
rear end 7basket xhghsaéh@o@mcq%; ackirfiate 7&ireagnet 4. 266 topiplatk 76 aeetrigidlp, magnet

7,4, and t gt ' et 36 jle the

voi ce coi l gl?ag?ér?g&roe‘g%ﬁan%%asf i’vg{éﬂke% Vaﬁé%ﬁ‘?g‘g’%eﬁ? %‘@‘@ﬁ%ﬁ%@%ﬁ’ﬂm@ #He basket
for axial, suppoitgl ircdlie basketnfontaxial) reciptocalulnbenniened Arsgh aubberideD inaghkti S '
desi rabke in ny.appl.ications, ..as. it wll. protect the gnet 74 from

chi ppi né gﬂ%}r@d%gesﬁ'@ﬂ? Hbmﬁ?yp@?}‘%ars’l’%s’é‘?“tvﬂg pgﬂ(}?cgg}e g0 1 6hipRiRg annul ar
surface 80 and adds to the gppehraret ot driver Asemblps0.sur face 82 of the top plate 76
are spaced radially fromthe voice coil 58 providing a gap 84. Wen the

coil 58 is energize lag syrface §0 ofithe magne Yhand thoanmular srface 82atihet i c
fieldis cm@aﬁm%w&a&é&a&@ny%np%&%ﬁ@ chil 38 \pRividin ngla%fsﬁr Whenthe 2Nd L he

magnet 74 causing the former 52 and the diaphragm 18 |7 hked to it to
reci pr ocat 691h33 i/ anergized by asigekirer thrsignphsouresi62, p magnetipdicldisiezeatedtine

magnet iyg fi [ Jg?lefchﬁﬁ | | s0.:he ack to
I mpr oveléhelzsllftJ %Pasﬁsb?{e‘&.egﬁe %ﬁ%evm In ki g%r%td;?gﬁﬁ@gg?éﬁ%tggéég’ﬁ g#er ably
i s ext endednd Bevdiaphnagm 1& litked tol ibteeregipracate cxinlly end poaduee sountiorThenepgnet i c
field to provi | I near. di aphr travel ... This reduc di stortion caused
by nonl i negﬁkﬁgﬁ%ﬁ’f ﬁlﬁ’ﬁ%grﬂgg%ggl:&ﬁ&ﬁeega@ﬂ &, g 198 Hi%%gg may quec‘g'eéoi I
cool er by bhick &l imprévedestmensfper coil windings to T adi ate heat across to
Failure, Now 1t wil|AbBoRBIREIFHaR bbt Pele Piers o8 HEtenbDy KoM BRLHEy
transduser ) plat8i76 to flate A\AGHE ufiifornt MBgridH€ fiBld 16 pfoHER e didpRedon! Wive Rl

di aphragm andp surround paxi m zes air displacenent in a_square enclosure.

As a resul tthisTRduces dipartion saused by epimesranovement. dihe fngerprinelse elprkeepre
i ncreased @ GREPIESOIR b zﬁPHchﬁﬂh% %ﬁ?gg&owﬂdwﬂhﬁgpfoaQQate t) chés hgused in

S
square or rect angul ar encl osures. Ition, a contoured, at ed

surround i epthokes. Fhis fsslegizablebegange beat hildup cgn ¢apsesspeakieefaunef any si ze and
shape. 25 Changes ¢ : 0. ' ' f the
various parts and lgpzl?n@?]l@ gggétgcrllgtg‘ggﬁﬁg?%?ﬁw\?ﬁ%gg‘ﬂmgé{)tgirﬁ?‘?‘{r%p#frt%% t he
spi'rit 28nd isvsotien, dlic nfecof 2 squant porecragulaf diaphlagom abd surfavint omaximyized air ns.

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 durability 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 as defined in the following claims.

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



| NDURSTRI AL APPLI CABILITY As will be apparent fromthe descriptd on, the

I nvention is applicable in the 30 field of sound tra{k%nmﬂgfﬁnd

anmpl i fiV¥2PYYRA™ 6 Wo 01/ 31975 PCT/ USOQY 41347 CLAI MB aimed is: 1.
An ultra |l ow frequency transducer conprising: a basket having a
rectangular front; 5 a concave dcapimM8gm w th a rectangul ar periphery sized
to be supported jn the front of the basket and supported for axial
nmovenent ; and a W%Fﬁgg%de'ﬁbl y supported by the basket conprising a

per manent nagnej, andﬁﬂ@qbwmq@ngymgwb dspgse coil linked to the

di aphragm the voice coi] connected to a signal source, whereby 10 the
driver assenbly #baskethaving arrectenghlpefrontsi gnal's from the signal  source into

recigprocati ng axj Qtnﬂ?ém 3 '&ﬂ%ﬁﬁg l.ow frequency
sour?ds. 2. The tégél%cgﬁéc%lr 0 clagt?r%? ere?%lﬁ#t?ﬁ’grs?gg?&ei%%ﬁpgé rlgnt of the

basket and the rect antyelftant gfdhe prsket und suppbdtedifon ptialangvement; bt h square. 15
3. The transduce |.al | di . e rising a
flexible sur.rouné %vgﬁnagéeﬂ?gy E@ﬁ%@r@@e tbﬁgéa{j?g‘%h{lgﬁgénq h@%ﬁ%}?t ransducer

of claim 3 wherein thmagnet randnal reciprocatlyesupportedc vaiss -cpil clinked . toSthe The
transducer of claim4 wherein,the.surround js  forned,into a 0 | east one
oy hoot t Foned pfiBBTagm: ik Yaics il SomiSested tht el stlrde, MgreY) oy m 4
wheygei n the surround the driverasdernbliyGs adapfddUut aohtert Sifnalsfiorl they/ sigaedi t i oned

pl eats at each corner. 7. The transducer_ of .claim®6 wherein the pleats

extend outwardly frofRUrSRItOJEciBrRAting axiabmotion ok the,diaphyagm tagrodycs; m, |

wherein the di aphragmyiy 16W Géhstaey ¥Wuhls. a plurality of trusses. I~I11"]
Leeerr ratr e creeerrrr 7

2. The transducer of claim 1 wherein the rectangular front of the

basket and the rectangular periphery of the diaphragm are both square.

15 3. The transducer of claim 1 wherein the diaphragm further
comprising a flexible surround around the periphery of the dxaphragm

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 into at

20 least one radially positioned pleat at each corner.

6. The transducer of claim 4 wherein the surround is formed into a

plurality of radially positioned pleats at each corner.

7. The transducer of claim 6 wherein the pleats extend outwardly

from the surround.

25 8. The transducer of claim 1 wherein the diaphragm is provided with
a plurality of trusses.
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WO 01/ 31975 PCT/ USOQD 41347 9. A |l oud speaker conprising: an enclosure

havi ng a rectangul ar opening; an ultra | ow frequency transducer conprising:
a concave lﬂ%ﬁ?’&@mwth a rectangul ar periphery about tERETESMAIM sjze as
t he rectangul ar opening of the enclosure, wherein the diaphragmis

supported for axial gioveRBgid ipeilefConftRingSnNCl OSUre; and a driver assenbly
conprising a permanent nmagnet and a ‘reciprocally supported voice coil

linked to the di aphengeglosuthaving aventangulgnepeningnnect ed to a signal source,

whereby the driver ﬁﬁﬁg%% ﬂ@e@%@?&%ﬂu&?cw&ﬁrgt signals fromthe signal
on o e

source into reciprocating axi i aphragm to produce ultra
| ow frequency sounds. 10a ctimavé diaphragne alithra re¢tangular peiSphshyestounthé beme

rectangul ar opening in 15 the enclosure d the rectangul ar periphery of
the di abhragm are both squar ™24 % "rﬁ%"“f“éﬁ@" 8%%?‘0‘33{’ eﬁ‘ﬁ%ﬁ“?ﬁ’ qu’ﬂf’?’i her

conprising a rigid basket hathedizapBrafas suppated for atial mobémdnt dtdethé g
rectangul ar and sized to suppor{ t he rectangul ar periphery of the

di aphragm 12. The | oud speak®cl§feca™di m 11 wherei n the di aphragm furt her

20 conprises a flexible gqughynesahblyndohpésinerd Qjaﬁ.b%eﬁ}f ntdfetdiag@y agm 13.
The | oud speaker of claim 12 wherein"the surround is convexX in Cross

section. 14. The |oud speakerregiprasaily spportsthicsi ooiltlinked tor the diaghtagmf or ned
into g4 least one radially pf?xﬁ'\;o!cﬁ%ﬂ &hﬁ&&g%saegg'ﬁé%{wm&§yéﬁe The

| oud speaker of claim13 wherern e surroun 0 urality
of radially positioned pl eat sduter easeinbiyo i adapked. toTenmverd signalpefdre rthof cl ai m

17 wherein the pleats extend gutwardly .from.the surraund. 1X o}l
11111111111 8 L M8 WO 01/ 31095n8bcmse it pispmocame al’ motigns gh thes o
claim9 wherein the di aphr agniiaphrisgnoto gtodhce vitiahow fielniéaey sduidsdf trusses.

10.  The loud speaker of claim 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 and sized to support the rectangular
periphery of the diaphragm.

12. The loud speaker of claim 11 wherein the diaphragm further
20 comprises a flexible surround around the periphery of the diaphragm.

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

cross section,

14.  The loud speaker of ¢laim 13 wherein the surround is formed into
at least one radially positioned pleat at each comer.

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

16.  The loud speaker of claim 17 wherein the pleats extend outwardly

frbm the surround.
-_—
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18. An ultra |ow frequency transducer conprising: a basket having a front
opening; 5 a concave di aphragmwith a periphery sized to be supported in
t he fromoome®ni ng of the basket and supported for axiperosewasent; a

fl exi bl e surround around t he peri phery of the di aphragm and a driver

assenmbly support er jjanent | net and a |
reci procal 'y sup 0rt OB\‘JC) e@ﬁ?’l qri%ile%“&'g'%g’ (ga S5h 1 BY, Wﬁe‘i he voice
coi | cemnaghastityof fussegnal source, whereby the driver assenbl y 1s adapted
to convert signals from the signal source into reciprocating axial notion

of the diaphrag ltra | ow reque sounds. 19. The transducer
of claim 18 wher 4&%?9“6 Ripeney & B8 0ss- section. 20. The

t ransducer of cI@bﬁk&Qawhga(ﬁbﬁtdﬂaﬁmgurround |s formed into at | east one
radially oriented pleat 1. The transducer of claim 20 wherein the
surfound is for nkEPUCAYdigphragm, with; & periphery siged to be sepported fothe ffoaht s

positioned circunf erwbym@%t&% uSPote® 52 dxialo ﬁ&nen}'he transducer of
p

claim?21 wherein the pleatls extend outwardl fromt surround. 23. The
transducer of claflenible symenndiarpund thepsripheme pfthe diaphragmyiindphr agm i s round.

Cs round. TTiI T £50Fer BBl BriBRRE oD, Wi pRRR Bl o' madeay ! APNT 20T
magnet and a reciprocally supported voice coil linked to the
10 ' 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 sounds.

19. The fransducer of claim 18 wherein the surround is convex in

15 cross-section.

20. The transducer of claim 19 wherein the surround is formed into at

least one radially oriented pleat.

21.  The transducer of claim 20 wherein the surround is formed into a

plurality of radially positioned pleats positioned circumferentially 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.

A



