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CABLE FOR A RETRACTABLE CORD REEL Field of the Invention The

i nvent WO¥25Hi rected to retractable cord reels, and in B0 E’a?“i to a
seanl ess, spliceless conductive cable having a flat portion and a round
portion for use in a retractable reel.; Background of the Invention
Retractabl e cord reels V. tions to
retractably store vari#ﬁ‘?@ﬁa F@%mﬁﬁr#ﬁﬁqg@yﬁa d on the reel
typically has a stati LE TM%EE&QMRE{Eﬁat may be extended
fromand retracted back into the reel Conventionally, the reel conprises a

spring- | odeld ofledhvearnionhi ch t he extendable portion of cable is wound. The
ext endabl e portion of the cable may he Wlthd{)avvn fromthe reel cau3| ng

thgl spoo|h to rotherEesepbinysRtiqmis ditsFied foretiaRis W%g‘-‘elw MRS 105k ¢ he
Cher oby 1 SerRlest R fAEE Eatg BuREMIe hitdhgadiaE phllich i B Eulh 1BCheT

prior art jgakérdcB®lcsSreel. S providing a continuous el ectrical connection
between the rotating extendable portion of the cable and the stationary
end portion. Two basic types of cord reels have been devel oped to address
this prob an}{ One, t ype,of [.ee utilizes rotating contacts, comonly placed
bet ween t meg—-éééfl—g%d a stationary housing. The stationary end
portion of the pcablighleScor $68E Hafe beaiMubdie it ¥hes\daiimichesrs Pnretrittably

stationary cable is connected to the contacts carried by the housing, and
t he ext endmbd earfous types ort' sahiccn nEbe eable beldtoa the orel Hpicallydas iastptigparyfadr eel .

When t he ree]. rotates, stantiall nuous, ¢ t ween
the r at Pﬂ"g“oéo%‘@ai‘:i’gm% Q/E?aYtIPFeF%tea&éf We?%és ”\X&% bzﬁ%c'ﬁﬁﬂle rde%]

di sadvant égﬁ%n?it)nﬁ&r dné €8IS L30T oS S0t onMRMICcHOhE GiierahBlehave a
propensity to spar makl ng such reel’'s unsuitable for use in wet

envi r onmepérsion diaabledie u.swmdv i Thereendatde goitionnefiibe alablepmy dbatwidhrawanong

| . others. To overcone these problens, a second }_ fotg retrac abl elcord reel
has been EW@FB‘??&&WHBS@%H?PH&U@?*%S&R‘%F@F °|‘1E")Fe° 8I5p’6’?ﬁm %’éée%\asgpool on

B e N e s

engt e 1s spiral wound | e portions are
- connept edsetraitigtiat kable Baek odjtac §vol.1 Aoprd¥ien2@dimon to all prior art cord reels

is providilig a continuous electrical connection between the rotating extendable

- portion of the cable and fhe stationary end portion. Two basic types of cord reels have
been developed to address this problem.

‘ One type of reel ‘utilizes rotating contacts, commonly placed between the

20 rotating reel and a stationary hoﬁsing. The stationary end portion of the cable is

separate from the extendable portion. The stationary cable is connected to the

contacts carried by the housing, and the extendable portion is connected to the

contacts carried by the recl. When the reel rotates, substantially continuous contact is

made between the rotating contacts.  However there are numerous, well documented

25  disadvantages of cord reels having moving contacts. Moving contacts have a

propensity to spark, making such reels unsuitable for use in wet environments,
hazardous environments and in medical applications, among others.

To overcome these problems, a second type of retractable cord reel has been

developed that eliminates contacts. The reel comprises a spopl on which the

30  extendable portion of cord is held, an expansion chamber in which a fixed length of

cable is spirally wound. The two cable portions are connected, typically in or adjacent



WD 01121521 PCTI USOQ 26093 2 the hub of the spool. As the spool 1 ripthhRg00:
the spi Rghbyziepnd, fixed cable expands and contracts w pArfisigrBoexpansi on
chanber. An exanple of reels of this type is disclosed in US. Patents No.
5,094,396 to Burke, the disclosures of which are hereby incorporated by

reference. It has been well known in theZart that reels of the second type

function prdpehulyof deapesj dys tha Sa@ié‘{!iﬂf&blﬂ@ spanally ovounils Bxetheable sieandsaed
cable portion _jn the. expansion. s flat d.th end | | e
port1on 1 s RoaReS iR BRbaRinAeTbgh AR cxfble et BF i bFR iRoRal
retract propgrij, Oﬁat&ﬁ}@ RPO3l094! st be Biurked 2 blsRidapresi 81 vifich T4 Nbretry
tends to twi'st and snarl In the expansi on ‘chanber. Accordingly, a

conbi nat i on 1ﬁdcﬁp01al’e:d byaefietencabl e -i s required. Conventionally, flat-round
cables, 1. cabl e having a flat portion and a round pofrtlon have been

fabricat éd by spIIF hashgen wellknowayp dhe 35t haf isgleet dhpseeond Rpe TRICLOB PIRUR e i n
many, but ngp aehL gf%ﬁ%a&c%ﬁ}{gbﬁn%McQ i) 3ARh ARY FixR8 & ML (ﬁﬂﬁhﬁﬂr{ﬁ?@iﬁa sl | ced

cabl es are unacc , _Sone electronicC a cat1ons ices in

cabl e conduehfhberCigflat aaiethdi sxt@idhble ableOpdties is eninel. Sflmaaﬂxsendwlemaﬁleby
the cable. U S.-Patent No. 4,384,688. to Smth discloses a reel assenbly

havi ng a reebrtloab@dtat,whmlh ngt r@raspnmper Iy @bl the ispoglet If ke fned colepartion 1s
helically coi g t he 0 retract thetelep an into
he Toet” acSldh o MhBoiOR el Sl 5h &2 R SRR S RRRIEAT
Cross- Sﬁ?t ' e&ﬂbxnﬁhapﬁa@énd%bncpea\m&?srgf%;@f& tdlﬁxv@ﬁt%r?allr%ﬁthﬁuﬂ@céﬁleﬁv@l ds the

use of a spliced cable, the Smth re I's not optimal since it does not
utilize a ftale houngla (ﬂabj)@’tlaﬂ adésa(rourbbpbrabm,v}mveMcemmammrsohsmﬁésﬂ@ns

for retracta e cord r been os.ed, ere 0o _ad uate
sol uti on fo? rt‘étar"&b‘f‘ t?la lecoﬁ-glsr @e‘fccgﬁ&ﬁﬁg‘"s@ﬁ?ﬁ hl% ‘Qb‘l‘sua PR ctaﬂgg% ﬁé used
: I” . 2a2$Lg?g§ﬁZ§H%nﬁ Eﬂﬁf&%é{ 4 *},ghcédscsfﬂfésa?#eeuﬁdl‘ée Bled FQMiger, S&M¥i Ce

een S|gn| nt demand for such a reel for many
years. Summelestronic agpdichtiarensplioes Tnheablmvemtucmws csn dausecligtdriions & elgetndris s

flat-round conducti,v cahgle for use in a retractable cord reel of the type
havi ng 1a ro"'t’@ﬁlsiﬁ“'%?fgwt @b%: cabl e expansion chanmber. The fl at-round

conduct | ve cab!l eyROidn? R, % 384 548 RASIANPALILAR AARR'SCrAEY EvAR! £l

di sposed in the éXpansion chd e ree Irst ca Ie portion
conpri ses abphuwhichtay tebdpheho ngisit edretmeabij,eweumbn@uh&lnmﬁyrmﬂbésmnga@cs
conduct ive WO 01/ 21521
the reel to retract the telephone cable into the reel assembly. The telephone cable is
seamless and has a constant cross-sectional shape at all points along the cable.
20  Although it avoids the use of a spliced cable, the Smith reel is not optimal since it
does not utilize a flat-round cable as described above. '
Although numerous designs for retractable cord reels have been proposed,
there has been no adequate solution for a retractable cord reel having seamless cab_led '

that can be used in hazardous and wet environments that is durable and has a long

25  service life. There is and has been significant demand for such a reel for many years.

Summary of the Invention

The invention is directed to a seamless ﬂa;t-round conductive cable for use in a
retractable cord reel of the type having a rotating spool and a cable expansion
chamber. The flat-round con&uctive cable comprises a first cable portion adapted to.

30 be held or disposed in the expansion chamber of the reel. The first cable portion

comprises a plurality of elongated, seamless conductive members, each conductive



1 5 MAR 2QU PCTUSOO 26093 3 nenber having a conductor substanti al 1% MAR 200!
cover edwayo@nstinsul ating | ayer. A second cable portion igTadaptéd3to be
retractably held on the spool of the reel. The second cable portion

| i kewi se conprises a plurality of el ongaj ed, seanl ess conductive nenbers,
each having a gonductor substantially covered an,_insul ating lLayer. The
conductive H¥ QFg'aBPgtah‘i-? B@%ﬁl@%ﬁéﬁﬁﬁ?‘ﬁrﬁ%%r@ @é@ﬂ‘&@ffgcé‘n CRtdus,
e, unit ol Y teBly b8 dFOMIUBhoNG METRAT STIRY scodhd
first cabl e@%afo??%fﬁh 1§%§§ﬁg&r tOrrg‘? gao aanyy og seve:&gf) means are enployed to
mai nt ai n t heatllé rppiticralikewirer témMprses nNa aplatibisy auft eldhpated,| sdandessf copduativen and
said second cable portion in a substantially rtound configuration. _L[Ee
first or fl|aemberstash havingha cendyrior splstertaby coreneg Mysassingilating layeindlbe i ve

menbers arranged.in_a substantially.p | el.; si.de-hy-si Iquration.

:  The fi rssijl %06@{'1 %6‘?? qunﬁés 8@6 ees'i:cs?¥l He?%’?% Ropholns a%oﬁ%gérsgt?f%ﬁn{uﬁggngébne of
- several di ff@fentwitRYSpectiven@Bdfihd B6ndiRiiné atduhtitgs bheailli first cabddpertivar ti on
in said substantially FI at  configuration is bonding the conductors,

t oget her, sOuoeeobinosi etanyCfeavarall mbansdirngmplayiad b6 nraaviaiol the fisdi crblg PRECTheen

f dt rk well. .l he i | af i I th duct '
et mopl astice Bpiaptrlly MaGertad-Rone 1 erite cile REIP 3 % AkkRafelhn i ng
may. used. Aoph®i&sifdmchtgans for naintaining the first cable portion in a -

~substantially flat = configuration is a jacket. The jacket may be woven
nyl on, 18hi ch™ wi | Thef first tor dlat portiqor of thet cableepreferablyt domprisesrpliral gangustive

abrasion, reduce friction in {he expansi chanber., and provi de r
oberat L on, TGRS ATageadoiy e Eb RS el SUETISes Bonthitiahe JEP AT
Al ternati velohiod Sk agkets H@Mi{?%iE@&Pﬁélﬁ%fpfnﬁ SdsCdcl vl Affeedat alaysuch as

copper. A conductive jacket w provide the additional benefits of

functi oni n@re&s naganEMer s hiagritainmg iey fivst umble gortaen dddisaidosetstansaldy cflal |
"such as a ground. . If the jacket acts as _a groun onduct qr,, one .l ess
conduct i,vec%ﬁg@’éﬁ“‘f% 1s § & c?’f‘i{':'gt%%ﬁ raF’%ﬁ%y'e%‘?Fci %fe{"r\%a?sqofél%nd
cost ofst h%{i&a‘pllt‘rgvio&t%ﬂgg%h Veed PRl to WBYK RENVOMGHe MsubingAbyet drotHEed.
Anot her preferred means r maintaining sard first cable port 1Ton in a
subst ant i akbiyddctaat i€ anhemuopidstiororaosipy ssshsas pobniy! whloside hbeatee rthetmeo-
conductive,  nenbers of the first cable portion. The strand is woven between
conduct i vebREHBEMRYEehi nd t hem t ogether in a parallel, side-by-side’

configuration, %h]?{e?é?%dftﬂéﬁié 8 Aaintaining the first cable portion in a substantially flat
_ configuration ié a jacket. The jacket may be woven nylon, which will function to
20 | ‘protect ther conductive members from abrasion, reduce friction in thé expansion
chamber and provide smoother operation, as well as holding the conductors in a flat
configuration. Alternatively, ..the jacket may be comprised of a conductive material
such as copper. A conductive jacket will provide the additional benefits of
functioning as an EMF shield or may be used as an additional conducto;, such as a
25 ground. If the jacket acts as a ground conductor, one less conductive member is
required, thus beneficially reducing the size and cost of the cable. A conductive jacket

may be woven or spirally formed. _
Another preferred means for maintaining said first cable porﬁon in a
substantially flat configuration comprises strands wover between the conductive
30 members of the first cable portion. The strand is woven between conductive members
to bind them together in a parallel, side-by-side configuration, thereby forming a

substantially flat cable. Weaving is relative inexpensive, does not appreciably add



substantially flat cable. Waving is relative inexpensive, does ndtd MAR 200
appr eci apbyiafd; WO 01/ 21521 1 5 MAR, 200 PCTI US00126093 fcThRi®IcoeEsSs or
wei ght to the cable, and allows the conductive nmenbers a small anmount of
rel ati ve  novenent between them which prq vi des significant benefits in a

[ 1 d bl d d t f
The cabl e napickiReRr ¥ ﬁwnr@@esae%aﬁ?vﬂseﬁaefwgﬁﬁqfv%é@gber&%%@?%ﬁpﬁ“| ¥
round confi gk abiiaimi §ex§&?'b‘%ﬁ§&nt}}ﬁer§1"‘%§fc b¥ilss 8 e Lmbfe eﬁa%g aller,

t oget her. The tw ste ntiguration hay rral nt a out addi t1 onal
hol di ng neamsore Nembletrbrhasisle comderesiny bond t he conductlve menbers toget her
as described above. Preferably, a jacket is added over the conductive
nmenbers. The | adiketseqend, d@glnﬁamﬂr?%cﬂfpﬁhps@b% Héﬂ}'aélk@\ﬁﬁﬁlbﬁ fermead; sgverd
protect fhe nd ctive rom bra | on.and Alter nat f ly,
Phe sacket ARTPEtbY e S SREERY A AR RRIATE FPiedhd bRov R R b ove,

a conducti veom@{@@stt g@ﬂaeperﬁ@mlgﬁés@oﬁﬁ ciitiorENEy SRintliftafied 3AtAR adidiibhanal
conduct or. is parficularly desirable to use a conductive jacket as a

conduct or, hmldhlgamemssgr bl@ncrtmaduonc)maym@dtﬁner@inyzlueth\rmmwtbers tgethef ashe

standard co duc This .w upst ant i reduce the di apeter of
The T ound" oReSSaRBh e B ¢ F BTNV RdSSebiscAtond gien e SdHERYE BITIELY adPab o

cable may fhesepy Qﬁsﬂﬁ?}/ 'c‘éﬁﬂ:rf&@ aﬁpg%toﬁfen@ Daleeial 36 ZlﬁoteH (e comslieaivbve

jacket is used, it  may be” desirable to apply an i1nsulating cover over the
conductlidve qnambelts foim ttbnasmacaoddnqnstuta chlterndtiviche tioajatiest rhdy taamramceltfabsc used
to maintai ortiaq n the respective flat and '

confi gurat i ﬁ@ew easjna( t&rﬁ?ﬁcﬂ &4 i"%?dleya BRNAUEHYS 1RGN %%H“’é{ FS Bt h
portions ofpifCqaall & aSTCERMitgRA kBN ONIEi0ho i EAP (€SI 1§ | 8E/ & Ound

conflguratlon have bee I'S to be 'underst’oo
i nvention asnbucieljycket as ardndsctogtsudh 16 4 grbund contigder, spdahéreby shmnmtdut

shoul d be construed to cover all nmeans that will provide the _desired
result of rPar®ofahsstardagd corductiye feerebest- emémlilgﬁybaﬁn%ﬂly reducecths dlanstee

nb f
subst ay? st eyl BPBELRY PorRlien BY SR A gRtef Il SPBRUES cablemax o
nul tiplicityerey b4 provided @ao}, ool MARYEHsVE. I B al dondastiRghéladt if eedsliamnsebd 0

fatigue than soli wire. The first or flat cable portion is subjected to.
consi der abldesirabig igupplnan mulg*@mg gover over the conductive jacket of the second portion

of the cable.
| If a jacket is used to' maintain the two cable portions in the respective flat and
20 round configurations, the jacket may desirably be continuously woven over both
portions of the cable. _

Several means for holding the cable in a flat/round configuration have been
disclosed. It is to be understood that the invention as broadly claimed is not limited to
these specific means but should be construed to cover all means that will provide the

25  desired result of maintaining a flat/round cable configuration.

The conductive members comprise a conductor and layer of msu]atmg material
substantially covering the conductor. The conductor preferably comprises a
multiplicity of wire strands. Stranded wire is has better resistance to fatigue than solid
wire. The first or flat cable portion is subjected to considerable fatigue in the cable

30  expansion chamber, as described below. Likewise, the round or retractable cable is
~subjected to a variety of forces including fatigue. A greater number of strands will

beneficially provide a more durable and longer life to the retractable cord reel.



expansi on chanber, as described bel ow. Likew se, the round or ret # aft MAR 200
cabl e i syosubjsacted to a variety of forces including fatipgopused/igossat er
nunber .of strands will beneficially provide a nore durable and longer life
to the retractable cord reel. WD 01121521 5 MAR 200 PCT/ USQOQ 26093 The

cable may al so have a third cable porti ‘o with a substantiall y .round
configuration, wiThe eakiefmay absabhavepdthirdsalei pagtion wﬂ's@dS%ta%é@ﬂV faend wo

d bl t d bl t h
Conduct tve. maperaion st it reobdriutine Ginali siletifie i cinglRE o
conducti ve rwm&rss Phe iR Eéﬂlétport%bha% :P?futrélﬁg oPAREAIAL RehuctivBenédyaal | on

presents- a facile solution to'the |ongstandihg problens encountered 1n
t he retract adatle bemgtseamidsslyr connddted b thentespdctive Sonddictive apamkers mfdhe dostd
reel haV|ng the cable of the invention is greatly reduced, because the

cabl e is3 cSaPem@Fi and seanl ess, and splices and contacts have been

el i mnated. Accor a d g,t I u d ahdle
i nvention may be “gé mlﬁ%lggggeas&/eqlggéd& Qs\éh@e%v@rs%énr?g UOB - lgér@tso?‘or

been unsuit quisdalﬂeﬁ]@éncdhﬁteiajcfmabé fetfaotablercend el S0t The p@tbnuimmus)ea sj::lmklmde
hazar dous environnents (e.qg. chem cal, petrol eum dust | aden %
-envi r onnent soderegl having dhfoﬁ%ble ﬁrth%é)"emiﬁ%iscﬁqeaﬂbﬁ%dqcéfﬂ}nhﬁ?ﬁgses ewahle Is

hospital s, and. ndustr Vi ronnen Spec f| Sl 8 cta c
hool cat onSopibleptd iR, LB BiseR ot otides s s B AE e
cord regl s Acobrdnily,da ycdfacltéurrmavmgemfer ngt- r\saha CdaB e RAT Bk NG eRtiE rm@)m;at er
connections, and electric hook-ups for boats. Another application of the
invention i advantageeisly i wsed elne@nvmﬂmﬂ@ﬂpﬁhatch@ﬂemf@r eshaye b&QH n‘i@k‘ﬁ?ﬁi%n@r

bl S bl t '
i st or 11 ons L Bycise e LoPURE Pkt et dediag deerind SEURIENENL (o8-
~appl i cati ongpenfigat Hét?oﬁelgﬂdd@m@d‘éhfg@e‘i e%rérﬁﬁerﬁg f‘égnbutdbﬂr\éeﬂiahﬁ?e\mddhcdpe

apparent to those’ of I nary ski inthe art In view of the tailed
descri pti oncmﬁromhmnprsabhmrleﬁpﬂaib,@dmndlmsr;al\mlmhnmsnmaﬂmcvﬁCt tetractiblecinee t o

t he. dr ngs, a bri.ef descriptio ch bel o0 Bri ef
Descri .Wonr%sir anerﬂ@ab»w ek oy RefelofSFh Seksinle BUluad Allweriag, Ropeg cord
retractabl g L/gry ﬁaduﬁnﬁ Efcgﬁ‘lce\lcﬁ%% LI gingY bl%@i'xcﬁtprec&ﬁl%khdﬁs Ehe. I

with a portlon o ousi ng renove
electric hook—ups for boats.

have

Another application of the invention is to sensitive electronic applications such
as microphone cables. Since the cablé of the invention is seamless, electronic

iO'- - distortions caused by splices are eliminated.
Additional commercial applicatiohs features and advantages of the present
invention will be apparent to those of ordmary skill in the art in view of the detailed
description of the preferred embodiments, which is made with reference to the

- drawings, a bnef description of which is prowded below.

25 Brlef Description of the Drawings

Fig. 1 is a front elevational view of a retractablc reel;

Fig. 2 is a side elevational view of the reel of Fig. 1 with a portion of the
housing removed; |

Fig. 3 is a cross-sectional view of thie reel taken along lines 3-3 of Fig. 1;

30 Fig. 4 is a cross-sectional view of the reel taken along lines 4-4 of Fig. 2;



Fig. 3 is a cross-sectional view of the reel taken along |ines 3-§ 5)}4@1 Qfg[]‘
1; Fi gwdlolrisa cross- sectional view of the reel taken glcangsooiems 4-4 0
Fig. -2, WO 01/21521 1 5 MAR 200 PCT/ CS00/46093 6 Figs. 5A-5Dillustrate -
t he wi nding and unwi nding of the flat cable portion within a cable

expansi on conpartment of the reel; Figs.86A-6C illustrate a nethod of ,
converting a roultgscaBlED iiltdrae seawiebng ahd amwinding ofathk d}at Fagk. potfie C
illustrate a.pethod. of converting a flat ribbon cable into a seaniess
flat-round ¥3Hiac lb?ﬁpagﬁ°%ﬁ@nBﬁ1meFtL§§tﬂFarF€ha nmet hod of forning a

cont i nuous {1 at - g GROEisafl 8 mohored Bl LT AufPlls SBKENG 2

substantially flat® central portion an y round portions

ext endi ng f flstarohnd batkdg)ds of the central portion; Fig. 10 is a
cross-sectional view of a substantially flat cable portion taken _along
lines 1610 of FFigs. 3A-T§ gllustmte ¢ mefhodsal senvarvngia flabwibhpn £ablpittantial |y
round cabl esegr%?ésis%gt_to%k nabla-l ong lines 11-11 of Fig. 9; Fig. 12 is a .
cross-sect i ohal i €w of - &*tonducti ve menber of the round cable of Fi g. 11,

Fig. 13 is a pl aFﬁgy.ifml\éerSEilidsﬁhtcr&HBlﬂoﬁébf&rrﬁﬁ%]ﬁ Béntiftioas fhofbuna ¢ekblg; a
jacket. Fig. 14 I's a cross-sectional view of the flat portion of the cable

t aken al ong | i neFigiQisixplan vigvgof 4 8ablehaying 8 sitbstantintly ftat centrdl pastionandig of

the round portion.of the cable taken alo lLinpe -15 of Fig.. 13. Fig. 16
°a plan weEO e Rt PR frRn s e degbrondn r g S1r'is
a -crosggsection Fig.kj?@ i€k 0RGssl deBBoral -vidw It £ k@hstatRiall PElA! daBt P&%iohi tRkdron Of
the Preferred Enbodi nents A retractable reel 10 having a seam ess :

fl at - r ound abcuigllnedil8d0xddFig.Iferein is shown in Figs. 1-4. Referring to
Figs. 1-3, the reel 10 has a central axle 1-%§i n.the form ?f a rod having
threaded ends whil&nlli § cefRmwsscanloig™ fftafubstantally roupdacable,portioptakfy s 16

t hreaded t | 16f axle 12. The axle 12 passes through a central
bore in a q}?ﬁgq%,ﬂ]g\kﬁgﬁﬁgs&a cylindrical bearing sleeve 22, which may be

conposed of broiFig,12 is a cross-sectional view of.a conductive member of the round cable of

15 Fig. 11.

Fig. 13 is a plan vicw of a flat-round cable of the invention having a jacket.

Fig; 14 is a cross-sectional view of the flat portion of the cable taken along line

14-14 of Fig. 13. | - |

Fig. 15 is a cross-sectional view of the round portion of the cable taken along
20 line 15-15 of Fig. 13. '

Fig. 16 is a plan view of flat-round cable having a woven flat portion.

Fig. 17 is a cross-section taken along line 17-17 of Fig. 16.

Detailed Description of the Preferred Embodiments

A retractable reel 10 having a seamless flat-round cable disposed therein is

25  shown in Figs. i—4. Referring to Figs. 1-3, the reel 10 has a central axle 12 in the form
of a rod having threaded ends which is connected to a metal stand 14 via a pair of nuts

16 threaded to each end of the axle 12. The axle 12 passes through a central bore in a

hub 20, which has a cylindrical bearing sleeve 22, which may be composed of bronze,

for example. One end of a helically coiled metal spring 24 is connected to the hub 20

30 by ascrew 28, and the other end 30 of the spring 24, which is bent at an angle, passes
through a slot in the side of a spring housing 32 to secure that end 30 to the spring



for exanple. One end of a helically coiled metal spring 24 is coringchMaR 204
t he hubvw@obysar screw 28, and the other end 30 of the sprwm:zebmm chis
bent at an angle, passes through a slot in the side of a.spring housing 32
to- secure that end 30 to the spring WD 01/21521 1 5 MAR 2004

PCTI USOQ 26093 7 housing 32. The parti cll ar manner of connecti ng the
spring endshpesing)B2i Hﬁlgrpaawulwonamhieoii eonaattingrthaspring beds isetoh antportdnt to

connection gould be us hown .i n Fi b 20, which may be
conposed of I‘ﬁ%‘iq%émﬂ} Ot@ﬁﬁ'l‘?a}"éls oﬁﬁ%r‘“ﬁ"‘?oé‘c‘a%‘é‘ig%ﬂs Sntegrally for rrgd
h h. Th I f
therew t e I AChRvndth ggg 3§ ?n'e%ﬂ’a b8 Y whith hﬁit W?m%ggedaop j1dsti€ for

oppositely di sposed recess ormed t’herein I's c nnected to

an interioreyingile li2a rafched Bt pegraity foomsd dgeraitlyi a“ha riick€rt34phas a4ﬁlurzﬂnyl t he
pawl 40 is pi votaIIy bi ased towards the ratchet 34, via a spring
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cabl e expamgieowaMQﬁbﬁzf# 6Charpigni® pasecs thodmgh?a bﬂih?em‘ bmtralzénlubeﬁ%ovmfﬂbﬂﬁ 74 is
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bel ow. A cegger 80 is disposed over the cable expansion chamber 66. A second
round cable portion 82 is seam essly connected.to the flat cable portion 74

at a junction @otaitle 8¥pansdiopahhmbeufpdafinet hyciqetir 90flats ciatulacdideiwells 68e
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190. As shouwficoitedHlay. caBle T4hia disposed withini tha cBllepapsesorn biomimr Ghrarawet ther e 96
in the hub 72. The flat cable portion 74 is seamlessly connected to, i.e., entirely integral
with, the round cable portion 58 at a junction point 76 shown in Fig. 3, as described in
20  detail below. A cover 80 is disposcd over the cable expansion chamber 66. A second
round cable portion 82 is seamlessly connected to the flat cable portion 74 at a
Junction point 84, ' | | |
| A cable support bracket 90 is attached to the interior plate 32a of the spring
housing 32. The cable support bracket 90 has an aperture through which the end of
25  the round cable portion 58 passes, as shown in Fig. 1, and four plastic roliers 92,
which facilitate the passing of the cable 58 through thé aperture in the support bracket
90. As shown in Fig. 3, the cable portion 58 passes through an aperture 96 in the
bottorn (horizontal) wall of the spool 50 and is fastened to the side wall 54 of the
spool via a cable bracket 98 that is threaded -into the side wall 54. The flat cable
30 portion 74 passes through an aperture in the side wall 70 of the cable expansion

chamber 66.
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housi ng 32, and the spring 24 urges the ratchet 34 (Fi 4) in a
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Referring to Figs. 5A-5D (in which the cabl e expansi on chanber cover 80 and

side wall 68 havPugagtheoprlling/dxtending|paedess; the springhé hedically catiéewjgbint then 58
‘ icin\t;gin?igong lnlngqloggﬁlg (35 geggmgsel%lore P ght y cm]lce!:las}ncg ?}Pel end ot r}mls: ggngél 24 atq h%g €s a
to the hub 20 is rotating with respect to the end 30 of the spring 24 attached to the

20  stationary spring housing 32, and the spring 24 urges the ratchet 34 (Fig. 4) in a
counterclockwise direction. The combination of the ratchet teeth 36 and the end of
the pawl 40 prevent the cable 58 from being retracked back into the reel 10 during the
pulling process, unless the end of the pawl 40 is positioned in one of the two recesses
38 and the cable 58 is released. o

25 Referring to Figs. SA-5D (in which the cable expansion chamber cover 80 and
side wall 68 have been omitted for clarity), as the round cable portion 58 is being
pulled out of the reel 10, the flat cable portion 74 undérgoes a conventional
winding/unwinding process in which the flat cable 74 is first unwound from the hub
72 to an expanded position around the outside portion of the expansion chamber 66

30  (Figs. 5A and 5B), then rewound around the hub 72 as it continues to rotate.

To cause the round cable 58 to retract back intp the reel 10, the user pulls the

round cable 58 until the end of the paw! 40 is positioned in one of the two recesses 38,
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configuration refers fo a cable having twisted conductors, as shown in Figs. 11 and 15, -
- for example, a bundled conductor configuration, a co-axial cable, or other
20  configuration that has a substantially equal dimensioned cross-section. | _

One ‘method of forming a flat-round cable having a plurality of seamless
conductive members is converting a conventional round cable haﬂring a plurality of
twisted conductive members into flat-round cable is illustrated in Figs. 6A-6C.
Referring to Fig. 6A, the first step in this method is to remove the outer insulating

25  jacket of a conventional cable to form a cable having a first elongate portion 100 with
a plurality of conductive members 100a-c, each being composed of a central
conductor and an outer insulating layer. _

Referring to Fig' 6B, the twisted conductive members 100a-c of the elongate
portion 100 are then uncoiled, either by hand or by machine. As used herein, the term

30  “twisted” may refer to coiling or braiding or other methods of twisting. Referrning to

Fig. 6B, the untwisted conductive members 100a-c of the elongate portion 100 are

aligned in a Substantially flat configuration, such as being aligned in parallel rows, and
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. A third method of forrﬁing a seamless ﬂat-round cable is shown in Figs. 8A
20 and 8B. This method is performéd by a cable-forming machine 120 having a rotating
- carriage 122 on which three spools 124 of insulated wire are rotatably mounted. The
machine 120 has a selectively erigagable/disengagable flat cable guide 128, a
selectively activatable adhesive applicator 130 connected to an adhesive reservoir 132,
and an adhesive-curing station 134, such as an oven or a source of radiation, such as
25  ultraviolet light. -
To form round porﬁons of a seamless flat-round cable, the round cable guide
126 is activated (by moving a number of movable jaws inward so that they contact the
cable) and the rotating carriage 122 is rotated while three conductive cables are pulled
upwards through the round cable guide 126, as shown in Fig. 8A, thus twisting
30  together the cables to form a twisted cable, which can then be provided with an

insulated covering in a conventional manner. During the formation of the
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134 is activated to cure the adhesive. ternating s of f
round- cabl ea@lssiveons may be formed by alternating the processes descri bed
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reels. It sho(ﬁ_{gd be rfote t hat thg nHrrber of conductive cables that are
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confi gur at inr'S'n'ng ‘the number of cable spot;!s mounted on the rotating carriage 122.
Advantageously, a continuous jacket may be applied over both the flat andlro'und
_portions of the cable. The jacket méy be braided textile or a continuously extruded

elastomer jackét. - '

20 A seamless flat-round cable having two portions 140a, 140c with substantially
round configurations and a central portion 140b with a substantially flat configuration
is illustrated in Figs. 9-12. As shown in Fig. 10, the substantially flat portion 140b
may have an outer cover 140, such as a braided nylon cover, and three inner
conductive members each of which is composed of a central wire 142 and an

25  insulating jacket 144 surrounding the wire 142. As shown in Fig. 11, the substéntially
round portion of the cable may have a different outef cover 146, such as rubber, than
the flat portionp of the cable. As shown in Fig. 12, the central wire 142 preferably
comprises a multiplicity of individual wire strands 142a, The strands are p;referab]y
38 gauge or thinner to provide good flex life. .

30 Although the use of an adhesive for bonding the conductive members together

is described above, other methods of bonding may be used, such as partial melting of
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162 covered with insulating layer 164. The flat portion of the cable is woven together
with strands 166. The process of 'i;orming a flat cable by weaving strands between the
conductive members is known in the art, as disclosed for example in U.S. Patent No.
5,735,315 to Nasser et al, and assigned to A.E. Petsche Co. Inc. The second portion
of the cable 160b is twisted to a substantially round configuration.

The reel 10 and the seamless flat-round cable disposed therein may be used in
various applications, such as for electrical power applicationé; ~ for
telecommunications, and other applications, When used for electrical power
applications, the reel 10 is considered explosion-proof since no sparks or high
voltages that otherwise might escape from a spliced power cable can escape from the
seamless cable. For applications requiring electromagnetic shielding, the seamless
flat-round cable could be provided with a seamless electromagnetic shield disposed

underneath the outer insulting cover.
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al ternatively fl ddddivaal modidicetiensandadteinative emboditientsalf the ilivientgert wolhse and

al ternative_enbodi ents of..the ipventi.on will .be _apparent tao those.skilled
in the art PRPYT™ v&oog‘offhéf(‘ﬂ]tgae‘&oﬁﬁga’éiégcY‘Fb't PBE}}C ﬁ’f?’g"m&e ??FT‘?R‘?%nQPESt o be
construgl ageschpidt {30l BeCedBiried @ﬂldsﬁatmroﬁlﬁearﬂulfs%ﬁfhe&Bu EaChf t@gcﬂiggse

skilled in the art the best .node of carrying out the invention. The tails
of the st ribosuskilledhion theandbe besy ninge\cdiceeying wins thennvaltion. ViHehivtdilscefphe t i ng
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a of the appended claims is reserved.




spool and an expansi on chanber; the cable conprising: a first cabl & WRt Lo
adapt edwigpizgshiel d i n t he expansi on chanber of the reel, pcyaisdoRémst cabl e
portion conprising a plurality of el ongated, seam ess conductive nenbers,
each conductive nmenber having a conductor substantially covered by an

insul ating |ayer, and nmeans for maintairfng said first cable portion in a
substantial |y fVaatéosltimednsiti on; a second cable portion adapted to be

retractably held,on,t spagol. of. the reel, said second cable partion
conprising a pl u}al‘?‘tfl}%é‘? |%?F§%‘fai&?b’éef§ﬁﬁer§t§a%wa&e{d =L, the merd havingag
conductive REpeid i‘rﬁé’)éﬁﬂ siéhn € 1¢ Ec%?é&ﬁgﬁgﬂ ly covered by an

e

I nsul ating l'ayer, each of sald conductive s of said second cable

portion being sadinteableypoeiort aduptadstovbie leld 65 RIRE Expaasion @ha@beséf the reel,
conducti ve nmepbers of said first _cable portion, said second cable portion
having & s 4158t; eabls, POBIARJCHBRRSIRg daplusdlity 2of plopated seamlessCrardurtive

wher of . i of said-First b i ,
ar anged | nianedshec ORGP BRPETAAR  XBplurtht HsirRals broRd B S
cabl e as i Nnédi@inp lyheh®hieasidd rdidfadling o018 Yhkd é’a?léggérﬁl_%ﬁ%n Qfs_uﬁétiagtlila[ﬁicond

cable portion are twisted in a substantially roun I guration.
cabl e i n Cfkk portfiguratianher conprising a jacket covering said second cable

portion. 5. A cable as iin Caim ﬁ V\{?er in said jacket conprises nylon
braid. 6. A cabliese5eid s BErHien adépled & Re Etragtabht held anglespaclofhe Teel,
i nsul ajg nggaig! B : rﬁ;ﬁﬂjx j 01 ' rej C id
condUcz%r ss?:lgn%% ses bz;e p%ﬁ]iﬁ ICl t@ gﬁ)lemlglrlg gt- rmé’rlﬂ‘éxsy.@& ?éaﬁd%sgb gag%ﬁi?en
dai m | wharesibers aiach weadstit© meitien thavitigng cosdittdri ubktagfdllyecoresd bpmni n

sai d substantjall i’:}f | at configuration conprises a chem cal bond. 9. A cable
as in C ai ISt aysr.faghphsaid sprductive meanthess of sajd sedagidfdabletpastaon deingor ti on

' bst ' fd fi ' t hermal - bondi n id
| nsul at i g Ry ety oo S00h bR R R o S & mrGOR o 58 |

Claimil, wublepdttion sdid@asnsd éble poHih BavThpd saBdtehildlly ThusPingigulitionon in a
substantially flat configuration conprises a jacket. WO 01/ 2%521 15 MAR
200 PET[ USOO 2809acable as in Claim | whercin said plural conductive members of said first
cablc portion -arc arrangpd in a substantially parallél, stde-by-side configuration.
3. A cable as in Claim 1 wherein said plural conductive members of said -
second cable portion are twisted in a substantially round configuration.
- 4. A cable in Claim 1, further comprising a jacket covering said second cable
20  portion.
5. A cable as in Claim 4, wherein said jacket comprises nylon braid.
6. A cable as in Claim 4, wherein said jacket comprises an insulating |
elastomer. . | , -
7. A cable as in Claim ! wherein each of said conductors comprises a
25  multiplicity of wire strands. |
o 8. A cable as in Claim 1 wherein said means for maintaining said first cable
portion in said substantially flat configuration comprises a chemical bond.
9. A cable as in Claim 1, wherein said means for maintaining said first cable
portion in a substantially flat configuration compﬁscs thermal-bonding of said
30  insulating layers of adjacent said conductive members.
10. A cable asin Claim 1, wherein said means for maintaining said first cable

portion in a substantially flat configuration comprises a jacket.



11. A cable as in C aim 10, wherein said j acket is conductive mat qriéaMé%%
A cabl e i aim1, wherein said nmeans for maintainin j i canl
portion v?ﬁ u?ﬁ’ssg{)st antially flat configuration conprises %é@%’gh\?\%\%en

bet ween said conductive nenbers of said first cable portion. 13. A cable
as in aim1, further conprising neans {or. nmaintaining said second cable
portion in a substpnkicgbik s rPURHnARNLheRIALIOHokel f cAAdEARIGRaRLT G alm 1,
further conprising a jacket surrountding sai eSO ERbT S portion. 15. A

cable as in O ai M24A cablerneimCiand, whetedi s40FvahS &% thiififiess A0 ¢ cayR
material. 16. A cable as in Caim1, wherein said nmeans for maintaining

said first ROERIeUparsubgantiallyaflatgosfignration lopmipriats stoarfds guoani bsiweempeidses a
conti nuous br.aj j acket of.conductive.material, and wherein said braided
jacket ext e% galgc\?lg? r'{)e&%‘?rss%fs&mcﬁ'isgﬁ%&%?ﬁing%conq portions of said cable. 17.
- Aretracsabl e cong, reed cyiit s & e2aH £SRnRL el FRRLEE WRR i said2
support; a spool rotatably nmounted in sald support; an expansion ﬁanber
adj acent saisecond@able partionris 2 subdishiglgréumircodfigmatied i n sai d expansi on
chanmber, said first ,cable . tio aving a f]lat configuratjon and
conprising a pl uta ﬁ%ﬁgiﬁaséﬁgﬁﬂﬁ"t gf?“g‘gé‘%‘fr@%mg@dﬁ%FPW@W%?C@B@h
conductive M?Bmﬁﬂ.\/i ng a conductor substantially covered by an
i nsul ating layer; a second cable portion retractably held on said spool,
sai d second cabl &5.pArdableras ih&@laing 14, whopsih 38idijaddey coapAsesHriided usmiuctine and
conpri sﬁ;g a plurality of elongated, seanl ess conductive nenbers, each
conducti@e FHHEE havi ng a conductor substantially covered by an insulating
| ayer, each of sgid c tiv f_.sal secopd cabl e .port.i.o ei ng
seanl essly conti %ousgvn\%tﬂ& ,ér'sefs%pggdtrlﬁﬂ\%%%lﬁeé%né’]a%s i 0558?}8{31* ﬁg ﬁ%’g‘ofg’isg of |

said first cab ppx}ﬁ@htihoaf.‘l.suB:ﬁanti%Il?a@dtecoﬁhﬁlghﬁtiQh Aofpkiked W EdRINUBRITBFigENY A
third cable portion having a  substantially round configuration, said first

cabl e port iJa¢kebef pepdyrtiyromeisriph aRd svhesein @aid deaidedijagket extendd avabbethsaeid i ons,

said third ti on.co L Si ng, plural elongated, seanl ess conductive
menbers, eac cgﬁgﬁiﬁ%p&gl&n@%?l i \glllehg a conductor ] 5 MAR 2004 16
15 _ 17. A retractable cord recl with a scamless electrical cable comprising:
a support;

‘@ spool rotatably mounted in said support;
an expansion chamber adjacent said spool;
a first cable portion disposed in said expansion chamber, said first cable
20  portion having a flat conﬁguratidﬁ and compfising a plurality of elongated, secamless |
conductive members, each conductive member having a conductor substantially
covered by an insulating layer; .
a second cable portion retractably held on said spoof, said second cable portidn
having a substantially round configuration and comprising a plurality of elongated,
25 seamless conductive members, each conductive member having a conductor
substantially covered by an iﬁsulating layer, each of said conductive members of said
second cable portion being scamlessly continuous with rcépective ones of said
conductive members of said first cable portion. |
18. A cable as in Claim 17 further comprising a third cable portion having a
30  substantially round configuration, said first cable portion being disposed between said
~second and third cable portions, said third cable portion comprising plural elongated,

seamless conductive members, each conductive member having a conductor



substantially covered by an insulating | ayer, each of said conduét 5VMAR 2004
menbers of said third cable portion being seam essly conti.nuous with
respective ones of said conductéve nenbers of said first cable portion.
19. Acable as in daim17, further conprising conprises a continuous

brai ded | agipglan@4lCavdratyyv.e iﬂ@ﬁl@tﬁdlgallay&py@hid?gaiaadoﬂdﬁdtfvétm@ﬁ&rmc@m cabl e
portions. 20, A cable as in Caim19 wherein said inner conductor conprises
a nul tiplthiidt gatde porden rieteg |spamlgady ceontisuqsr evidt respeeiive2 onespofesabbd of

formng a flat-round cable ¢ risibng t.he steps of: (a) pulling plural
conduc%’l ves HHEFI$Y ef%loﬁﬁaéfggﬁ’éﬁiﬁl%g%&?ﬁ st length, said conductive
menbers being ppy.al | gl caRdasShf€ifmn 57,0Rrth&d SdrhmEsit® coMpRsed R InuolP)
bondi ng said first length of conductive nenbers together to forma

subst ant i dirkigled jagketigf candystive material egvecoasiid dirsignd seqont calya partighsir al
conductive ne s for second.,l.enggh; nd (d) tw sti.ng sald second

| engt h of conducti vegrﬁa?ﬁ{?ersslq g:l?lg} rqhbaw}l%r%ﬂs?a&gtl?%Ic)?ng%(g?fdg%[%%ﬁﬁ Eborti on.
22. A et haglipEcityofdledtiRally chhdidior weRmRhh&. Ng the step of applying an
insulating jacket to said second portion. 23. A nmethod as in Claim21
furthel® conpri silng th&eshaspfdermaipspylapgouand cablsicompasiag thederseds | ayer over

both said first, and C b i A - i 4N 23
wherein said co(% in@?@g@g%lgﬁeésogdﬁg{%rﬂg%g%%ﬁ%é‘sﬁ%&%r&g?]gg%lﬁ%%@tm%. A
met hod as in O ai m Zhidwbeidattives aiethbetiebahg patallleb aindlistig-toosigy rdative wheni cal
bonding. 26. A nethod as in Caim21 wherein step (d) conprises the steps
of : (dl) providing #%RA?HEF%ty of reels on a rotating carnage, each of said

reel s having 2 (bPN9Ydnhe CARIHEL RIS 8uivE RASAG: RSRRR 1o (B (oausi ng

said rotating carriage t0 rotate sal d seam ess conductive nenbers are
bei ng 1pul | ed duri ng ssbdtahtmtigplat st pdiBn2004 17 27. A nethod as in Caim?21

AR AE U T E = [T R EE R L
and ‘
(d) twisting said second length of cdnductive members to form a
substantially round second portion. l
20 22. A method as in Claim 21 further comprising the step of applying an
insulating jacket to said second pbrtion.
23. A method as in Claim 21 further comprising the step of applying a
continuous, seamless layer over both said first and second cable portions.
24. A method as in Claim 23 wherein said continuous seamless layer
) 25  comprises a braided layer.
25. A method as in Claim 21 wherein said the step of bonding comprises
chemical bonding. |
26. A method as in Claim 21 wherein step (d) comprises the steps of:
(d1) providing a plurality of reels on a rotating carriage, each of said
30  reels having a length of conductive members disposed thereon;
(d2) causing said rotatihg carriage to rotate while said seamless

conductive members are being pulled during said step (c).

35



sai d second cable portion on a spool of the retractable cord reen.5qqAquﬂg
nmet hod of making a flat-round cable for a cord reel, conprising the steps
of : (a) pulling plural conducti¥Ee nenbers for a predetermned first |ength,
said conductive nenbers being parallel and side-by-side relative to one

another to fornmpa subsb@Baiaglih CiiikAb] Fikiet cBRpEERR; thé Bleps aiRtdlimy fgdt o pul |
said plural conductive nenbers for a second length; (c) tw sting said

second | enlgtsh cdile poritucini amecxmsmbien shembéroein setsgisdleasnrdarely ang gipdingecond
portion; and, (d lLying a continuaus jacket over said first and second
Port1 ons ¢+ BhisEhnd B o8 of BTl R BRER PR8I ) 1155 conti gur at on
and to shol d saizR. s@CaRehodst mQking iaNflA-rSURE EAN @ 4 Yordowesr cemiphikiaprag i on.

g ) comiprikiay

29. A nmethod as in Claim 28 wherein said continuous jacket is braided. 30.
A met hod a%ens®fCl ai m 28 further conprising the steps installing said first

cabl e portion i @gﬁﬁ@%ﬁ@?@ ggl?‘fl{(}g@%%ng&gsg@%% é%%ﬁét P&ﬁ%e@?fr& LS8 satd'd

w nding said s n eretractapte cord reel.

31. A net hegddedt veakdigera béihatpafMeNghCald-By-sie Folati 64 fgorid ot RS fddinia
providing a first length of plural conductive nmenbers; weaving said first

| engt h of substatially\flat @H®N 0 each other in a parallel, side-by-side

L) 0P ol S gl R S AL A O Aol o

seanl ess with qaj dwistingtaitl aagink;lerggid of vorgintiing mamtesec bneh 4 autgtantiaity

conduct i veroﬂrnedn?@eg(r)r?d égnif)x?;rarr?da substantially round second portion

j " (d) applying a continuous jacket over said first and second portions to hold
 said first portion in a substantially flat configuration and to hold said second portion

15  in a substantially round configuration.

29. A method as in Claim 28 wherein said continuous jacket is braided.

30. é method as in Claim 28 further comprising the steps instaliir_lg said firs.t
cable portion in an expansion chamber of a retractable cord reel, and winding said
second cable portion on a spool of the retractable cord reel.

20 31. A method of niaking a flat-round cable, comprising the steps of:
providing a first length of plural conductive members;
‘weaving satd first length of conductive members to each other in a parallel,
side-by-side relationship to form a flat first portion;
providing a second length of plural conductive members, said second length
25 bcing continuous and seamless with said first length; and

twisting said second length of conductive members to form a substantially

round second portion



