WO 01/ 21521 PCT/ US00/ 26093 1 SEAMLESS FLAT ROUND CONDUCTI VE CABLE FOR A
RETRACTABLE CORD REEL Field of the Invention The present invention is
directed to retractable cord reels, and in particular to a 5 seanless,
splicel e eRIRIcti ve cable having a flat portion and a rcrusboRe®3 i on for
use in a retractable reel. Background of the Invention Retractable cord
reel s have been used in various appli catli ons to retractably store various
types of cables. The cabl t re t YRI S a stationary end
10 portion and a portio wgﬁﬁ&qﬁ&ﬁaﬁbﬂmewact ed back into
the reel. Conventionall ¥ Fp, Q&wamﬂ%ded spool on which
t he extendabl e portion of cable is wound. The extendable portion of the
cabl e may beFigldiafghedapentionom t he reel, causing the spool to rotate against

Lhe Torce of & ne Al WOROLS! ARSR (O lerbliB & Snolh 1 IRpAAGIEAYRES, | o

spool to rotate in the OpposI repy rac e cabl e
back ont &5 t hezampesg)Ispliodlass cdridactiveaablehating alflat portion aid 4 roudd Goftival for uses

provi ding a continuqus el ectrical connection between the rotating

ext endabl e YP&E reelie cable and the stationary end portion. Two basic
types of cord reels have been devel oped to address this problem One type
of reel utilizes rotating contacts, comonly placed between the 20

rotating recBackground of the Invention housi ng. The stationary end portion of the

cable is separat t e I rfion..The Jonar S
connected to the I?egg%@a&éé?% ggré?sl g%%gbfg? E‘geﬁghg?"noé’,s agﬁ‘é‘%ﬂﬁs g’xi[e r%%?%l?e

portion is ceaseeatious tysesiofeableso Thachble Galdronale kgl fypitallEhis a stitidhatyvadr eel
rotates, substantially continuous contact_ is nade between the rotating

cont act si0 HORREUEY a%%é_ﬂ@“lﬂ"ethﬁh%y baextepded framcanderatiacted back feivimicghes of
cord reel s hayivagidmuy, e %tﬁﬁggrees'\%’\éérﬂ%élggﬁ%m BR\hich 1Y Qh&HaabiEY tO

spar k, making such reels unsui t environnents, azar dous
envi r onment spastieh ofrcablediscmdundp pThecexténdalsle partomgpfcthé ealsle niay bevwithdmwnt hese

bl ens, d t of retractabl | has, b | gped t hat
Gl i nat s R 0 oot ey Hiforh8iih ota sEsihdl i oo oy einEr SPOBGIBRE endabl o
portion of asfrtte cabléahél spriviy EauB&Ntht @fosi NaTBRAle inNthdldppskite difeXsh iherpyh of

cable is spirally wound. The two cable portions are connected, ;dypi cally in
or adj ackent retracting the cable back onto the spool. A problem common to all prior art cord reels

is providing a continuous electrical connection between the rotating extendable
portion of the cable and the 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 housing. 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 reel. 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 climinates contacts. The reel comprises a spool 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



WO 01/ 21521 PCT/ US00/ 26093 2 the hub of the spool. As the spool rotates
t he spi raI I y vvound fi xed cabl e expands and contracts within the expansion
chanber . Ie of reels of this type is disclosed .in U S Patents No.
5, 094, 396“(% the disclosures of which are hereby FCHEGPYAI%: ed by
reference. 5 It has been well known in the art that reels of the second
type function properly and enjoy an accedtable service |ife when the fixed

cabl e portion tlheriutbm'thﬂqmabimhe stoohtatatesi the Spimily wonnd,tfixed eable sxpabdsandabl e

portion is round. |f endabl I ort t,. it wld not
retract pr opelcf’ér%‘#v["# %Pms}of' cﬁ?f«gg‘fq Z‘e'a& 1ee°r}5%e?§? Sitgpe 1§ glﬁﬁl&e%i t
tends to tw stnang. &’la&hls No. 15094396 a10s Barkef HigdTiatklosties Wtdivhigh Yare sheléby
conbi nation flat and round cable is required. Conventionally, flat-round

cabl es, i.e., incorpoppedbyrgfarense.a |1 at portion and a round portion, have been
fabricated by spl i gigdgbénleit W @QE abl e
in many, but not aftl apépli@tﬁngﬁg%ﬁemr@ar ous an ik efri]l\r/l#t?oo ,

spl i ced cabl esndienjoyancaceqptable servia lifehwhen ﬂlerﬁxede:labletpo@nmlnanhplexpanswuns

splices in cabl e condyct or can ca e i.stortians ctr |gnal S
carried by thé éSH E %’1%82“‘8385{?}‘ mellfﬁ ®r eel

assenbly havi pgrtidn i€ fht, 1tabmtﬁot\f€lfa6hp:%pérﬁl &PHRRBoS2TE the ﬁxdﬂ%bﬁcﬁoﬁmﬂlsmund
A helically coiled sprl ng urges the reel to retract the tel ephone cable

into the reel r‘a@deﬁbm}lds Toctwist| andnenael e expansion aghamber. anfcdezdingly.canst ant
Cross- sec?bon% zﬂgﬁct?abra?d kuﬁc?b@tlesnts#qﬁﬁ tegnv%ﬂ{?én%lly %ﬁt—?&&ﬂ%ﬂﬂgs, ik, g\ég;ds

the use of a sp 'S no since I't
not utilize acifblleahavingn‘n&tthioa and adexmdrpobmi: hibe\been ﬁbhbﬂetghy splmngca&t

de ns for re table or reel s. have 0s her ha en no
Couont e obi Lt & Fotnd Gitie,  TFisis MEtePiabIe th Miaa g Kot sl eBontipg-o 10 o
can be used iRazBRibas ARl SweR Relyirsimentyy | Isﬂsvamse.e, Tafbahndcﬁeﬂéw@mlﬁrtﬂ&d sos a

|l ong 25 service life. There is and been significant demand for such a
reel for manye loatepnic app!seﬁhm,ypbqesmeaw@hwdmteﬁ o gaysp distartions tp glegireniet ed t o

a seamnl esgs %n &%dq&qﬂ Giptere cable for use in a retractable cord reel
of the type haVing a ro atlng spool and a cabl e expansi on chanber. The
fl at-round conductW.8e Pateit Hocﬁﬁﬁ# 688%c® Smith distlosasbd eccpassembly bavingt &£deci 0 30
be hel d or di t exp o e e f.irst cable
por ton comRubanish h PR TR EfsRRTE Houbd . Seefl il v sty .
each conduct i€ 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 cable
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 recl for many years.

S of the Invention _
The invention is directed to a seamless flat-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 conductive 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
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WO 01/ 21521 PCT/ US00/ 26093 3 nenber having a conductor substantially
covered by an insulating |ayer. A second cable portion is adapted to be
retracta lgl on the 'spool of the reel. The second ¢ rti,on
I*i kew se%%?rgﬁsgles a plurality of elongated, seaniess coﬁ%h@?@&é’brrenber S,
each having a conductor substantially coyered by an insulating |layer. The 5
conductive nenbers _of the second cable pdrtion are seanl essly continuous,

y

i..e., unitamemberhaving 8 copduclier sypstantipily cayered by @n inspdating javer.s A secend d
first cable IndRion i r rr,?qﬂg e dto
mai nt ai n theQ??ﬂrzgtgﬂg’gbl e Oﬂ%&e?&c@ﬂ!&@&it%ﬁ%ﬁgﬁ%} | at ’%%n?ﬁggér%%“?on and
sai d second cablecpytion ilikawise comprisss anplusdlity ofr elonghterd) ndeamiessitdonductiv® The

first or flat rtiaon.of the cahl refera co i ses ral, conductive
members arr aﬁ@%@’% es°“§li‘3¥{ga%ﬁ"§F‘?‘g}‘pﬂg’F?Pﬁ“’mY,yc°§Ff8nE-%wpé'l'%ia%&‘éd? u&ﬁ? i on.
The first 5 peohdutivemenitRrscablift szofi®cable HoktiinS afOfainlessigt éddkiniidusa ., one of
several different ways. One neans for maintaining the first cable portion

in said substBHuYaWith respastive angs pfthesondvetive masmhernof said fisss (eabls tnortion.
togechar - o de. bu i : . . b .
boon T ound  STe.ofird B ary e fit AR eCbaiploltahd sl R YA BEE o beion2°

t her nopl ast i dn arsubsigitially lat bordigupation \and shid csletxdi cible gortidn o a tshisstantiallpondi ng
may used. A %efdero;lﬁd 2ans for maintaining the first cable portion in a
substantial ly FICSPHRERATS guration is a jacket. The jacket may be woven

nyl on, wioch w | | Thefiesti oIl @ortidh ¢1rhé Qﬁﬁletpk‘éferﬁﬁllj}chéﬁ{ﬂn‘éés ﬁlﬁfdl’%ﬁdxfcﬁ@én
abrasi on, reduce friction_.in the eéﬁansion chanber and provi de snobot her

operation, adusphers aganged in 4 gubstantially arallgh siderby-sidq eanfigurationgFhe: fitsh .

Al ternati vel ;ﬂﬁc& : ' fi d&icsE [gﬁ-gﬁ ' such
as copper. A¥8rc§{r?§3,£t | veg%ealgﬁgltd qgmtlﬁ?g%?ﬂﬁf‘%ggt%gn}g%i ti o{rllég? ene?ﬂl ‘t%sys'of
functioni ng &neamems forhindintainingntlye [firstusahle aortion ciddsaid osubistantiailyu dlabr |
such as a 25 around. I.f .the jacket acts as round condugt or,, one,.l ess
conduct i ve nENDE q'ém 1?383&?%3’,%? °t858ng)ﬁftgfals}‘tfjﬂ’ﬁ' Ci #&“PH’@I E?'?é"%nd
cost of tbe oadhl itravioleD Bttt iad ek i to iRk ReSINOIfaRe Risufalhg Myed oh WdTEd.
Anot her preferred neans for maintaining said first cable port ion in a

subst anti al | §ordugtors i thgtmenlastis ardrsin sieh astnolyyiny! ehlpside,pisaher thorme-
conducti ve §Qnm Sse@f the first cable portion. The strand is woven
bet ween conduct i ve ﬁ%n%ers to bind themtogether in a parallel,

si de- by- si de conf Agwefatrecdomeartsifer mbiptdimingrihedfirst cable portion in a substantially flat

configuration is a jacket. The jacket may be woven nylon, which will function to

I

20 protect the conductive members from abrasion, reduce friction in the 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 conductor, 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 woven 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 not

appreci ably add WO 01/21521 PCTI USOQ 26093 4 thickness or weight to the
cabl e, ang the conductive nenbers a small anount uSo8es Ve
novemnent B’&%gﬁ?t hem whi ch provides significant benefi ts’}l na smaller,
nore durable retractable cord reel. The gecond, round portion of the cabl e

may |ikew se be formed sever | ff A substanti all
confi gur at i onthickness gf E’\?’@gt &Fﬁ? W@?’I aﬁwgs é’FGPé&“%%MH@’F@ stpal The i

twisted confi &‘&Eﬁﬁb@ﬂo@@ﬂen’?ﬁetmkrpﬁﬁhﬁ Qich prévades shgifidahObeRefitslif la@maner;reans.
Nevert hel ess, one may bond the conducti ve menbers toget her as descri bed

above. Pr eferlaute;durahlqratrmblff@rémbd over the conductive rrenbers The
j acket may desira S r r 0
: SEF %d;n rinPda goﬁio?i SOHR éa%%enﬁltﬁ l id’b t Elg j acket

conductive 10 nenb Ion ahd nol'sture terna |ve y,
nmay conprisse dgfferehr ways. A ﬂibdanﬁalls'homﬁl configuratiodsis delsievediinciwdsting ¢he plural

conductive jacket be e yed as n EMF shj eI d, or, t.i onal
conduct or. | tcopdu C;S%%’F}/q %Wé%?dr% iguration fay e E%S‘V@é"“]?ﬁ‘gdlté n3hs a
conduct or, S(Ljiﬁzjgc% Iﬂ€ nikafid, Omexﬁﬁfk‘gé‘c&ﬁrmaﬁﬂ&é e @Riudtive ThéAbds tepethePhs t he

standard con e menbers. This wll substantially reduce the diameter 15
of the round described ahovepoPrefesablyfa Ianbetcabd@ oxenythepopdudtiva geambrs.  The

retractabl e caplp Wyﬁeggg&gig ieﬁ%)é.r?a*%ge Wl maRAR! i Bfae&'ms Cofditfive | T 2

conductive jd el an | nsulating
cover overp t hﬂezﬁwdﬂsmiamsioa@hemmm haltemaiively, ftier jackeh mag tomprisecdebis. | a

jacket is used to maintain th ble portigns.in the.r ct'veflat
and 20 roundreignuc ﬂ?%bf?’bnésg?sﬁé\eﬁda@%?’ aﬁa “&E%‘f]tagfﬂt?ayé’efgﬁ ﬁ%
woven over boiNip g &'o?rh'i o) a&&iﬁoxﬁﬁl%bﬁ‘ducﬁveft% ﬂiﬁ%ﬁrfyoﬂesﬁ%léltﬂglséfhe cabl e

in a flat/roun con I guration have been disclosed. I's to_be understood
that the i nvmondmhvajaclwt@adl gpnducionsuthias argsourd; qwdreqaors and theeeby elipinate | ¢

means but should O A r ue uc i(‘)"f"?neﬁi’roun @{%b&tgﬁt allg'l%utcgmvdxﬁetgpe 25

desired resulq® (5’1f con

conduct i vig nﬁimﬁmﬁd)meb@ﬁl porticneithé cablaarw gtea;eelengﬂx ofrremﬂmblmbhauwl al
substantially covering the condu or.. The anductor pr q‘éer abgq/ |ses a.
nul tiplicity therely l?eePnglfi%f’n%SWS'c? % sjger Jf # conduetiyedpgket is é‘t'ﬁ

fatigue than @Bl-dbﬁje to‘gpgl?taﬁ-ﬁ%lailhé SbveP bydr iR condmitiVe Paekét oTthd sﬁ:cé‘ddtﬁoﬁﬁinEd to

consi derabl e tati gue e cabl e 30 expansion chanber, as descri bed.
bel ow. Li kewicfthedahle. round or retractable cable is

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 insulating 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 fitst 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.
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subjected to a variety of forces including fatigue. A greater nunber of
strands will benefici a{AL)y provide a nore durable and longer life to the
retractab reel . 01/ 21521 PCT/ USQQ 26093 5 The al so
have a thm&éﬁéﬁle portion with a substantially round coﬁ@i%‘ﬁ?a ron, with
the flat cable portion being disposed between the two round cabl e
portions. The third cable portion has a pfurality of seanl ess conductive
menbers, each bei F§e sebiei mey algo duwe acthind ¢ablet hertion spitic &i snbstantindlyctound

menbers of th j . 5 eqort.ion.. Accordingl v,. the invention,presents
a facile sol ut% ?%frié“?%'ofl n‘é’ﬁm\"g‘ﬁ&ﬂ‘éf Rﬁmoﬂ‘li’B‘SFgﬁﬂ?g%‘yﬁc%bﬁ‘feé %W%@ﬂ‘égaﬁe
retractabl e ceoflionsieTharthird Tibde poiidAtHadla linalkityobf seakileds londuclive Gitftbersce!
having the cable of the invention is greatly reduced, because the cable is

conti nuous an§2debging scamiessly cognectedstothy respeetive: eonductiveaembass ofitheafiest. 10
Accordingly, @anepétibgel having the flat-round cable of the invention may
be advantageously used in environnents that heretofore have been

unsui tabl e for refAccardinglye theinvention prestits entfacile sohmions s thentdngstending

hazar dous environnents . chem cal , petrole dust, .| aden), t

envi ronnent s PE@E?“}S eé’ﬁ?'%g?f in %Fei?rﬁ%t?l,%e ﬁ%‘@irﬁﬂlm‘ gﬂ%??@ﬂ“’éﬁ’t’“ OE%EW\{'\E"”‘
hospital's, andordneelstiaving theR¥ble VT RN inventRNER1 drédily 88ucR4! FlehsseGRE dabie if €€l
applications that were not heretofore possible include all-weather power

cord reels fG&POtREPYSIrandy searmigss, endeceplipes \AsHi epetaehahayen peer ngliminatedat er
connect i oG, - ARbrdRERL o bbraNARK T AL MRIa QAL N rRPRVLARN &%&ﬁ%ﬁ the

invention Is to sensitive electroni @ applications such ~as micro
cabl es. Si nceadvantagedusly v$edt hre enviveamtantn thas Ieeetofoes have beei nmsiieable? Gor

di stortions ¢ spl.ices .are..e] i m nat ed. i ti onal commerci al

appl i cati ons, ?#%%?g?r‘gﬁﬁei%d\}g’ﬁ?"éfgllege%f“s%é“cﬂﬁgg]!éﬂ’ﬁ’d°}"h\?éﬂfqné??“%i (ag8-be

apparent to t Eieaticl)f petiotbufit dustI4den), wed ehvifonfiehts! (@.g!io%(YPon \ %ﬁﬁn@eﬁéhicﬂd
W r

description of the preferred enbodinents, which is nade ference to
the draw ngsSRVAIOBRIERLS suehsa hospitals,andfindystriah endirqmmentsd Specifid retvactatile Boide f

Cescr DL e Wyt ook il B, AL A0 ¥ B,
with a porti oreelsffot ivet/drigoasiumg, ciowicadhicld ¢harging, Tndiné He&er scimbitiong andi ew of
the reel take&ec%l—igggokl-ti:pqsei'grg’c;ag. of Fig 1L
Another application of the invention is to sensitive electronic applications such
as microphone cables. Since the cable of the invention is seamless, electronic
20  distortions caused by splices are eliminated.
Additional commercial applications, features and advantages of the present
invention will be apparent to those of ordinary skill in the art in view of the detailed
description of the preferred embodiments, which is made with reference to the

drawings, a brief description of which is provided below.

25  Brief Description of the Drawings
Fig. 1 is a front elevational view of a retractable 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 the 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;
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30 Fig. 4 is a cross-sectional view of the reel taken along |ines 4-4 of
Fig. 2; WO 01/21521 PCT/ US00/ 26093 6 Figs. 5A-5D il lustrate the w ndi ng

and unwi ngj the flat cable portion wthin a cable '
fitete PEYORRES | 1g

conpartment o e reel; Figs. 6A-6Cillustrate a method

round cable into a seanless flat round cable; 5 Figs. 7A-7Cillustrate a
met hod of converting a flat ribbon cablefinto a seanless flat-round cabl e;
Figs. 8A and 8B i | Figst54tD illustmtdtie windingrandrupwindiog tof rtheo fist €dbde portiomd

cable;, Fig. 9..s.aplan view of a cablg. having a substantially flat
central porti8@3ﬁ§3§‘°°§2ﬁ9§'?aﬁ?‘?‘3meﬂ?8§ﬂ98’ klrt i ons ext ending from both
ends of the centr #igh@A-60iltusiterd Giethdd of SorveftingSH rdimd cabledhtoVd Suamdss a

substantially flat cable portion taken along lines 10-10 of Fig. 9; Fig.

11 is a crossaddends3ble: vi ew of a substantially round cable portion taken
along lines 11-11 ®wis A A7C%1 ?’ﬂe 12 ethSd bfCladSsii ' bb f;

conduct i v?menber o%s t he FOIUH cat?l eeio§ ao15 (@i ff’ﬁ%% Iﬂg{l]gl.bbl %%“ggz;mgl azlin Vi ew
of a fl at -rousedmieapflas-rofind dablei nventi on having a jacket. Fig. 14 is a

cross-sectional vigw @f t f.].a orti.on t he cabl.e tak al i ne
Cn3a of F o 1a T S shd S i BeaR Rl o iR R Sp Ry R Rl 1T 0 o
the cabl e taken alFg® isd@ldni viéw dBa ddbl®havinigh substantidlly.-flal Geritral porfibiand/a ew of
flat-round cable having a woven flat portion. ' 17 is a_cross-section

Fi g.
taken al ong |Suh#antially yound pprtions gxfe @ﬁfm@aﬁhmémgtbe reatrabportions pref erred
Enbodi nme A retragt €, _ Js f = :
di sposednfto'rs]erei n irgg' I;{*S)iss (E;ﬁ)/ngé F%ﬂ | g\sqlé%g-o g'asﬁg%@%ﬁxgﬁa?gcaﬂg?s&ldﬁ%!(&}[ he
reel 10 has alenglinesl0-3QbEFig2%in the form of a rod having threaded ends

which is connected,.tq,a netal stand 14 vi.a a pair.of nuts,. 16 threaded to
bach end of 1t he. afits Lis Kb s @ndt vt 53 sSofilayR o Rple poriclt BRA
hub 20, whi chidipdines £1-11 BfFigc®l bearing sl eeve 22, which may be conposed of
bronze, for exanple. One end of a helically cqiled nmetal spring 24 is
connect ed to the Hig 12ds Berosfysegtional wigwad a cagductiyemember-ofdheiroynd gable ofe

spring 24, V\A’ijlgh 1 s bent at an angle, passes
Fig. 13 is a plan vicw of a [lal-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 cabie 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 shownin 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
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through a slot in the side of a spring housing 32 to secure that end 30 to
the spring WO 01/21521 PCT/ US00/ 26093 7 housing 32. The particul ar manner

of connegt| e spring ends is not inportant to the iﬂ%h@ ofiNd ot her
-met hods g}fi‘{clg}lgr%gction could be used. As shown in Fig. 4, e u@ 20, which
may be conposed of plastic for exanple, has a ratchet 34 integrally formed

therewith. The ratchet 34 has a pluralith 5 of teeth 36 and a pair of
opposi tely dhoysings2. rBegemstials Sndnnemafctonineting the spripgwhdsiid not importasttoed t o

an interior plate 32a of .1he ri ng housjn Vi a pivot pin 42, and the
paul 40 1 5 pliG granip pitast el leonetiontenasested, 2 spring 44,
Referring to Fi g. A$ shéwi R Fig.o8, heWubJ2@ WHich iy bk AR/miRELdS of Blasthd fors
connected to the hub 20 via a plurality of screws 56 which pass through
the side wal ¢xagpls, hapa ratehet 3¢ integrally forrad tharewdthg t Fhegptchet 3dchas agplarality | s
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hub 20 by a imectéd tojandifitesior plae 322 ofittiespring houshng=39tvid aipitad piré2, land the20. A

cabl e expansi o hanber . .66, defi ne a pair qf flat, circular side walls
ca. 150" e 0Bt paeiowerls e sHohetas, VAR BRREAA. < i aposed bet ween
the side val Refefthg to Fi. 3T ApSd1 O WRingS K of Dawalld 5% 53UP cdrhedicd té theed
together by the screws 62. A length of coiled flat cable 74 is disposed
within the chub 20 vspahsalisy ofsezemnset6 wieckipass fhroughethe pide wall 54 inte the rgichetap| e
portion | $4 S ' Lrely | L t:h, the

r ound caﬁle %%rgﬁgﬁrﬁ@?é{lﬁg%?@%tg? ﬁ%%e?%‘gm?“?gﬁgtﬁgé\ﬁ ‘?{%EF&I"S;% g{:mgé“ ggscri bed
in 20 det ai | sibeivalls 52y $HveTheSixie 32 passpo trcughve botehia ceatrlchubxgdyvwiicnisc hanber
66. A second round cable rtion 82 is. seanl ess|y, conpnected to the flat
cabl e porti o?P"?ﬁct%fft" ejhﬂhgg 0¥ ? RiurRity @@P’eﬁscﬁgb‘f"g%g &EFp@F‘tadﬁfH’é‘ng i s
attached to jgie interior plate 32a of the spring housing 32. The cable
support bracket 90 has an aperture through which the end of 25 the round
cabl e portion 58 ${s&sblesxpansion thamber 46 Hefined by apair ¢fdlat, qitcnler side wealls 68,5 92,

which fagd|i . i : o th
support - B aclCp i BRl he'tpabist, RE 72T dilfeBhah b AP REE WAl 46 "
thr ?ug[l anda‘{mﬂ}?ﬁ side S?lls ﬁS,t’ﬁIOagcAlf hm}lrtu?m(ai‘mﬁ:temﬂgejﬂlhe) bwaidbslctﬁw;tﬁhe lfe{nﬂgtlé ;Sg ?nd
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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 disposed 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 the aperture in the support bracket
90. As shown in Fig. 3, the cable portion 58 passes through an aperture 96 in the
bottom (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.



chanmber 66. WO 01/21521 PGT/ US00/ 26093 8 Both ends of the round cable
portions 58,.82 have conventional connectors (not shown) attached thereto.

Where the reel 10 is used for electrical power applicatio gbas 110
volts, ond"@fA  connectors may conprise a conventionaIPéJ‘iw&(g@ or having.
two flat prongs and a cylindrical prong and the other connector may 5
conprise a connector having two rectangul & recesses (to receive two fl at

prongs) and a cyl iBeikiends of theggund Fﬁﬂvg eerdipnse 58, §2 haveranyentiopalsogmectors o __
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support bracket 90 to extend a length of the round cable 58 o of the
spool 50 and ctugyliidricscrepess|(to1tpeeire @ ¢xlindrical pranghdiThg jound csble portionsifhol

50, the hubs . 72, | P | de
wal | s-68, 70 o%‘gmggll% %%&@ggg%%ﬁgﬁ%%hg%ﬁn@g @%ﬂiﬁ%g‘?g@gﬁggﬁﬁ%@ about
the central axiall lbRingwhdimetehiargenxian the apdrtaee infor whigh hilee RirgeocaBlR, portiah $&he
expansi on chanber cover 80 renmai tationary. During the pul]ing/exiendi ng
or babes "t o GBFiGty Spaed BomBF 04 of IR SaNReIoH () BFSHENLDP P Rahle ARGt g
becomes noyge tﬁ@ﬂ&émplgﬁjy@gacﬁhggﬁo;H@%pgmcgo_of the spring 24 attached to the
hub 20 is rotating wth respect to the end 30 of the spring 24 attached to

the 20 stationary Ingpsration,emsenef the reeh 38 pulieon fhej raund gahle pertion 38 whighc het

34 (Fig. 4) i r ' [ ' Lnak t chet
Ceeth 96 and ARanERR S b RELhAPoR SrikE Mo oklifa SUBRANBE HiHold LB So°

r ?t r ﬁc kedWlbaZ g)ff ofithe sgoel SEaid dﬁoﬂﬂkiﬂsﬁfj lOﬂDurimltHeie@ndihgpmss, thalspcﬁﬁ 50,h§I end
of the pa I S.,pQsitioned | ne, of the t ecesses,, 38 a cabl e
58 is rel easedhe @s%éf@*%rfge k‘&’ g?”é’é‘.g 23 ptheg EP‘(\AQ ﬁ&/ﬂ?ﬁéﬁe f‘ﬁ%wég"bgg 7@?33?‘?9 on
chanber cqser ciflcaigansioh Bl 6Pl e 15gRer a8k RSlodrbal GX18TI2! While e L he

round cable portion 58 is being pulled out of the ree the flat cable

portion 74 undslegdethe springhouping daamnd thy exapnsipnishombericayerR0demais siaopdsy-ch t he

flat cable 74 is fiN,S VY (Feley T2 ' wiBBS kel ON
around the outsi deqougl%% P%%opﬁ{%e&efggﬁos‘?%ghomgﬁ ﬁ%%%ag%lﬁggg?@g@m%%eand
5B), then rewspnng kousing 32 bheoniasimoie tightly doiled sincathe snd of the spring 24 attached

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.

25 Referring t_6 Figs. 5A-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
puiled out of thg_ reel 10, the flat cable portion 74 undergoes a conventional
winding/unwinding process in which the flat cable 74 is first unwound from the hub
72 to an expandecj; position around the outside portion of the expansion chamber 66

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

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

round cable 58 unt_il the end of the pawl 40 is positioned in one of the two recesses 38,




To cause the round cable 58 to retract back into the reel 10, the user
pulls the round cable 58 until the end of the pawl 40 is positioned in one
of the two recesses 38, WO 01/21521 PCT/ U500/ 26093 9 i | e the
spring 4¥of! széull the pawl 40 to the left in Fig. 4, ;h%&%&?ie
helically coiled spring 24 (Fig. 3) to nove the ratchet 34 (and the
attached spool 50) counterclockwi se to Bause the round cable 58 to retract
dnto the spooh which Gse theospoigp idhgvitlgudly the pawh40 to theflefdndis. 14 allpwingdhel r eel
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met hods. As used herein, seam ess "flat-round" .cable has a first ortion
with a subst Bt A3 ERDATEIORCREBR JoF SpRlehe Sable of DR VEMER fhds padioyial
second  port igBicatibi ot thieUddtd dels sholw an@Weskribed fin WIS aPdtéi MUs. 4[989,305 ¢St | onal
area. A "flat" 15 conflggratl on refers to a cable having substantially

paral | el si dBuske andi8,098.386 Huske; they disclopures of whihyare hegebyl incawparater by or
exanpl e, 18" qeqeﬁieg?é)n-type cable, or other configuration which has
substantially at top and bottom sides. A "round" configuration refers to
a cabl e havi ng twThe sehnslessdlactound cabsle ircbporatediinfthe seel 10 nybeformedftora

exanpl e, a bundled conductor configuratiqn, a co-axial capble, or ofher 20
conf i gur at i ofURE:Of gt a0 A 46 E T Sofp ﬁsﬂagsm%c%‘égg%seac on. One
met hod of fonghid With hadubiintfly TRPenfiAYdRE & Rbislseblidnil BleaSR@H &26nd
conductive menbers is converting a conventional round cable having a
plurality of portignswithi acenbstantiallycromedvivenfiguration drl crossrsschiahat atere Asflat”

illustrated i ' ferrin Fi.g. 6 t.he fi.,St s inthis
ot hod 450 o cuigBioniteredivo 2 chL AR kb En il pafle sigul-uEbarkb Pl (110
to L orma cabirxrat;umaui%igs.ald,i rzstagwbmgat expapk] g;a a:}Q(BbM—lﬁ:e ?hblﬁ, Ltrrgbmbty of |
conductive menbers 100a-¢, each being composed of .a central conductor an
an outer ins ﬁP’Q&“FPémPaVQF.h é\‘tPSF‘W&%ﬂ)b fgfp ofoppand bottery; sidesy ¢ HnaHERS've

menber s 100acepfipurdtidh réfefsiga bible m&ﬁg’t%té@&naﬁ&o&,h&%hwm Figs 1190k DY
hand or by nmachine. As used herein, the term
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 having 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. Referring 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



30 "twisted" may refer to coiling or braiding or other nethods of tw sting.
Referring to Fig. 6B, the untw sted conductive nenbers 100a-c of the

el ongate portion 100 are aligned in a substantially flat copfi ation,
such as béY‘ﬁ@"z&ﬁlgned in parallel rows, and WD 01/21521 Iggff[%% 6093 10 .
mai ntained in that flat configuration. Tq _perform such steps, a suitable
adhesive may be applied to the_ indjvidu 0 untwi sted conductive menbers

100a-c to nmi Meaiptanedm that fa cenfigyratign) fomperforny sichisteps.ca suispble adhesive mayvel y,
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cable 110 bavi ng t A @Bond inRihed Y S6riiiny 6 ABshRiCHatFBIRCEable A By convertiRg Q.-
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and then @i | gl thékepBratedayd Sdwa i gl 78, Rl Bl orlBYemAdHARO And Bieh &s
intact) to forma cable having a cenfral portion having a substanti al | y
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cabl e- f or m ngmaypdienbe afilizdloster thetwisted tariductiye nmeamtbersal®a22 on whi ch t hree
spool s 124 of insulated wite are, rotafabl unted. .Th chine 120.has a
sel ectively engaga "e?‘mdé“_éth"ﬁa’ﬁﬁ‘ﬂpgs flﬁ‘é‘?'c &iﬁggnéﬁﬁ%df’fg,"é\me Lepe '?V_él y ‘
activat abis agbsonl odblemy disoBeQeparated SRINMAGE EARd (Whleaviig & migdIe poiok oF I 132,
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t he rotati ng cmfiguratien.122 is rotated while three conductive cables are

pul I ed A third method of forming a seamless flat-round cable is shown in Figs. 8A

20 and 8B. This method is performed 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 engagable/disengagable flat cable guide 128, a
selectively activatable adhesive applicator 130 connected fo 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 portions 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 .th.e 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



upwar ds through the round cable guide 126, as shown in Fig. 8A thus
twisting 30 together the cables to forma tw sted cable, which can then be
provided with an insulated covering in a conventional manner. During the
formati owooefz2isiie WO 01/ 21521 PCT/ US00/ 26093 11 subst anPFEIPY2ng
portions of the cable, the adhesive applicator 130 and the adhesive curing
station 134 need not be activated. To fanma flat portion of cable, wth

the flat cabkgsamiislty rbafd pertioNSéfane aubte, tHeadhéspet Uhplicdtorcl Wuind ehelAhesive

deactivated, as shown in %gn 8B, three conductive cables are 5 pulled
t hrough the fuung stationd 3gneestnot bgactiyated. carriage 122 is stationary. The

adhesive appl i cat g 3, g Acid 6F Bl Riel R A 3BA HRR198 obfualdiarU 5 SO

that they retain err cont’iguration, an hesive-curing station
134 is acti vadund cable@uide 126aleactiliated] ascshointin Rigt8B) ghriee nondustive cablestarand

round cable portions f.Qr ne al ter I.n he pr.acesses
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produce seaml ess flat-round cable having alternating flat and round

portions of flabeonfigusationngnd sthe Tdhesivequring stetionaiB4 18 gtivatedhdo qwee dbR by a
cutting nach%&%s@% predeterm ned intervals to produce cabl es designed for
specific reels. "t shoul d be 15 noted that the nunber of conductive cables
that are tw sted Altgmatimg lengthsbef flar iandl rbynd ably i prgtidrisemay ntize forofed clabl e

spool s nted on.t rotating carriage 122. dyant ageously,., & .Cconti nuous
Phoker my " bEfespinedfe BpeRstthacttied i Poinedis Wil HE GERRY SR Th iFRAPL A o
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jacket. 20 A seanless flat-round cabl e having two tgﬁ(;rtlons 140a, 140¢c with

subst ant i al | prodpes, sepndless flgfrpund cplle Jwving diemating frandorpund prtignsnoa,
substantial | Xchgﬂ:t leﬁ@.ﬂg.' We?f?dé?&g&?ﬁbynéﬁ%%&hﬁgeyhﬂ 3 gscuttﬂf&tlglacl{ﬁ?e ghown in

Fig. 10, the Substantiall'y ave an outer cover 140,
such as a br predetérntiuéd interoaleto peodded babbes desigred forcspeeifit iresds. mitndheuld keach of

whi ch is_gconpos f a central wire 142 and an 25 insulating.jacket 144
surrpundilﬁgng?f@g&?a?g‘em e’AEF Hﬁ“’Fr‘l’a Py that are t\”ﬁff"s‘ﬂ&ﬂ‘?ﬁﬁ?‘?ﬂ%’ P’?Fe%rlyund
portion of tRgymebhe MaMbBAGE éabid fshE6IE No@MEET orf QUE ' roldifg SaMikgead2p.UbDET
than the flat portion of the cable. As shown in Fig. 12, 'the central wre

142 pr ef er abiyivartagepusty e centinuoys jacket imay be applied\aver hpthvihe flat apd eund1 424,
The strands 851%01% &f e, The jacket may be braided textile or a continuously extruded
elastomer jacket.

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 substantially
round portion of the cable may have a different outer cover 146, such as rubber, than
the flat portion of the cable. As shown in Fig. 12, the central wire 142 preferably
comprises a multiplicity of individual wire strands 142a. The strands are ﬁreferably
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



38 gauge or thinner to provide good flex life. 30 Al though the use of an
adhesi ve for bonding the conductive nenbers together is described above,
ot her net hods, of _bondi ng nay be used, such as partial nel

01/ 21521 B’%’Pﬁ@éﬁ‘/ZGOQB 12 the insulating jackets via tf%éﬁg%ﬁﬁé@% on of
heat, the use of solvents, the use of an outer restraining jacket, or sone
conbi nation thereof. Another preferred erl2odi nent of the flat-round cable
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permtting a greater |length of cable to be held on a spool of 15 given
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known in the aféne condfidtive nismetdr bad tlﬁi’eﬁmcﬁwéﬂhbjriﬁmef’eﬂﬂ%e RAind portibaf 315 to

Nasser et al, and assigned.to A E. Petsche Co. Inc. The second portion of
t he cabl e 160thejcableli59b,<herely permitting agraater lgngthoefrabledattiedgiden aispootieé r eel
10 and thegs segq%gg;eflat-round cabl e di sposed therein may be used in 25
various appli@ations, such as for electrical power applications, for

t el econmuni cat i onsAnathet pre¢flreed aplpddiroattiof tiw. flalreunduablt f60rofdhemiventionalis power -

i [ . | .10 J [ | osi on- f Si k
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escape from t4gond, round portion 160b. The conductive members comprise a inner conductor

162 covered with insulating layer 164. The flat portion of the cable is woven together
20  with strands 162.. The process of forming 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 160D is twisted to a substantially round configuration.
The reel 10 and the seamless flat-round cable disposed therein may be used in
25 various applications, such as for electrical power applications, 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
30 flat-round cable could be provided with a seamless electromagnetic shield disposed

underneath the outer insulating cover.



seanl ess cable. For applications requiring el ectromagnetic shielding, the
seam ess 30 flat round cable could be provided with a seanl ess

el ectromagnetic shield disposed underneath the outer i cover .
01/ 21321 WOOHABAO/ 26093 13 Al t hough various nethods of q’%&(‘%“ﬁ%?

seanleis flat-round cabl e have been descri bed above, other net hods coul d
be used. For exanple, the cross-sectiond3 shape of the external insulating
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Cross-secti onsble Adwl patticwlat, pmmns pﬁan‘ibbmscabﬂnjcmﬂd be pmvud.ed mﬂbadmu)atmg of the
invention.w || hSﬁ arent t hose n.vi ew of. t he

f or egoi ngsdeé’g?t}nﬁt EThi goun Ocﬂ’é‘?ﬁ’fﬁ? i ‘Hﬁ‘ii? sle?vd“%e&llfo ﬁ???‘ﬂ‘é‘ﬁ ggmons

i T ustrative vibsilatedn Altefmafivsly, lasturlityUF S6iled con@@stors B6uld ibe peovided| wigiflar N t he
art the best node of carryi ng out, the invention. The details of the

structure andnSYiatinggoveRhavias maéwelyébgmrmwmryswtmm departing fromthe
spirit of the in gﬁlq Uso whi ch
come within the s§§g§° Al ﬁcattlgﬁs en eétléﬁ'{ag?ens I sd% %@J%H/mg%‘{xgﬁ%&{vgp%Z

PCT/ US00/ 260 @fparént toVﬂhaSe slellcd :m rthnjartsm diew foff thet furegomt desedptionc al Thisabl e

for a retractabl.e.cord reel , the reel having a_ .S and_an e si on
chanber . 1Phe CEREPASE 5 i Heohrued o st i Gk S A Fimate SHERIEI o | n
the expansi ooz skill&d inGthe hrb the/ 181 modéofair§ing loufthe Gienfom OThd laikWTd Si Ny a
plurality of elongated, seam ess conductive nenbers, each conductive

member havi ngirecters gad medhodnaysheavaried substantially withoyy dgparting, Fomthe spirit of) er

and neans fo r f1 at
configurati orilh r]g%si‘%lg%%ﬂ l:ts) gglgyftu?%%f:%%hgqlgg{t{oggglgtéﬁec?’@t:&tpigjﬁy he{)g on the
spool of t heof thelappendéd clain isesermel.cabl e portion conprising a plurality of
el ongat ed, seamnl ess conductive nenbers, each conductive nenber having a

conductor substantially covered by an insulating |ayer, each of said
conductive nmenbers of said second cable portion being




seanl essly continuous with respective ones of said conductive nenbers of
said first cable portion, said second cable portion having a substantially
round configuration. 15 2. A cable as in Caiml wherei | ral
conduct i WOMIBrs of said first cable portion are arrgr‘lzggjgﬁ"}ﬂ‘r?wa3
substantially parallel, side-by-side configuration. 3. A cable as in Caim
| wherein said plural conductive nenberd4of said second cable portion are
twi sted i n a substak islidimed istind configuration. 4.. A cable in Caim1l,
further conprising a jacket coverin ajd second. cable .20 portion. 5. A
cable as in O ai mi4 A fiakround, elegirigal %E’E’e%’éd’ﬁ‘ﬁ"ﬁ lescang) resty Fé?e&&‘a%'.ngﬂ cabl e
as in Caim %fomﬁ{ gﬁi&&mﬁbgéuﬁmgicgﬁﬁﬁ o:i nsul ating elastonmer. 7. A
cable as in Gaiml rein each of said conductors conprises a 25
multiplicity of warfistzablapegionsdapted thbeheld in thecxpansion ¢hamber of tha el eans

for maintgining sajd.first.cable .porii | ' S Lal

confi gur a? i oﬁalgoﬁtﬁir F%bé% pg“%?ﬂe?ﬁmcpgsg'%o%&’%w&ﬁ?%]g?%@éts?%ﬁ%és a%%d&%tw\?mer ein

sai d means f eienibats)edihnéonguctive dndnibies thaviaf laccongutori substhmtiatlyoberedibyiaal | y

flat configuration conprises thermal-hondin épf ss' d 30 jnsul atti ng | ayers

of adj acent wubueblva%@m/eleﬁvn@emntajmng,amg Hiteeable nortion in; g,5ups a%‘?gl?ei n

sai d neans f%&té&hgﬁﬁ{i&{'ng said first cable portion in a substantially flat
I'S

configuration conp es’a jacket. I!1111J111221 111 12212 11 1111 WO
01/ 21521 1' CT/ USORk&08 3abld portitn adeptatiocbeastractably héldon the spoek of the segl.d

j acket is_condyctiv terial. 12 . A cable.as n,Caim]l er el I d
means fodOnaf# éF‘Fﬂnﬁd; iRPrHqn, comRTisig.a pt’i’ﬁl?x Sh e]ng{}eJ;]LfB%fog% %@FP?E?I at
configuratio I eahiSconlliicive ndifber RaVif WeRAdEkbrtsubGaiitibily tooveredrbyianr s of
said first cable portion. 5 13. A cable as in Claim1, further, c% rising
means for mainsulating kayers each of said sandustive mepmbers of said second Gakle pegtion g@gr ound
configuration, 14.. A ca i | . folansT Y s t
surroundi ng §§f’ées Igccgﬁgﬂogﬁgﬁ%l '%sc?rg{:t?‘}grr?njeigfw,&a ?:g?f)q“g as F@b%sg?ﬁ]dﬁ#ﬁ wherei n
sai d jacket gshIPporties shidaecdnd cabiaportion heving Dsubstantiallylrowkicconfigwratiine as in

Gaimi, Ig\lh erern %.alAdca eazlzg?n E%rim 'Ta\br?ér&h gallig %lusraqlc(cjmédcii\slé members of said first

cablc portion are arranged in a substantially parallel, side-by-side configuration.
3. A cable.as in Claim 1 wherein said plufal conductive members of said
second cable portion are twisted in a substantially round configuration.
4. A cablein 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 1 wherein each of said conductors comprises a

25  multiplicity of wire strands.
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 comprises thermal-bonding of said
30 insulating layers of adjacent said conductive members.
10. A cable as in Claim 1, wherein said means for maintaining said first cable

portion in a substantially flat configuration comprises a jacket.
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cable portion in a substantially flat configuration conprises a continuous
brai ded jacket of conductive material, and wherein said brai ded jacket
extends over both said first and second portions of said cable. 15 17. A
retract avomets2tl reel with a sean ess el ectrical cabl e EEHEISPAY 3
support; a spool rotatably nounted in said support; an expansion chanber
adj acent said spool; a first cable portijgn disposed in said expansion
.Chanber, said fi rf}.. J[iac%l?asﬁioc §0,WhenahY bdid jadkdtid nﬁﬁ&fde%!t don and
conprising a plurality of elongated, sea e onductTVe e ers, each
conduct i ve nenber 1hanidableas &oOhim i pwheareinshidheank ifor maintainimgisalid, fistcable

I nsul ating | ayer; .a se ond,ﬁ&b%le po;_t i on retractabl eld on said sppol,

sai d second E8IBPB P ?‘%i’éWm VI FORIBHTRUGM, CRTMBEISES, S FUERISEEFR ¥ and
conpri sing acﬂ)&% d th¥mBdrs 6f QRPfkEGble portichean! ess conductive nenbers, each
conductive nenber having a conductor substantially covered by an insul ating

| ayer, eafh of sailldl coAdableiasdn Glaiinel, Surther coingrising owans foximaintaining Bid bei ng
seanl essly continuqus w.th.res t.iye._ones sal conductive nenbers of
said first CS%PBEB%??P%PH%S“QE‘%%V‘&'%‘? i 8@"5%?8%17 further conprising a
third cable porti oa Azybleds ih Cidiin $,Ubfhé@tbinptibilig & ficRet sufoinding siid sdondsai d
first cable portion being disposed between said second and third cable
portions, saFeblepemii.cabl e portion conprising plural elongated, seanless
conductive nenber h\ & WEIBA ailayd BOMSIdRE corldudtive 1 1 1
COTS IS T By R¥BteSpReni 18, JRAAR i ROadiuf BB aEA coddubive © 2
16 subst a6t i alatepiabovered by an insulating | ayer, each of said conductive
menbers of said ird,capl e pord.i.on. bej ng seam essly conti.nuous. Wt h
respective ones o? ‘sai 8 °aEJ5rf"5d8t flgim ?1’9%75%588 E| r_ﬁ F?t“t'?!’&‘ﬁ'ﬁé?‘f} % on. .
19. A cabl e gslé poftlonl i d Eubstantihie fNaC ooAfigufatios GRIPAEESS & TotiMmdns ibrdigeds S
brai ded jacket_ of conductive materjal covering said first and second cable

portions. 20jacketofgprdustive materia) andwherpiasaid praidediiacket extendsonss both Rithpri ses

a multiplicigt¥afis HigRlor¥aigQlictive wire strands. 21. A nethod of
formng a flat-round c e conprising the steps of

15 17. A retractable cord recl with a seamless electrical cable comprising:

a support;
a 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 configuration and comprising a plurality of elongated, seamless
conductive members, each conductive member having a conductor substantially
covered by an insulating layer;
a second cable portion retractably held on said spool, said second cable portion
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 insulating layer, each of said conductive members of said
second cable portion being seamlessly continuous with respective 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

R



(a) pulling plural conductive nenbers for a predetermned first length, 10
sai d conductive nenbers being parallel and side-by-side relative to one

anot her; (b) bonding said first |length of conductive nmenbers together to
forma suMOONASZhI|y flat cable first portion; (c) contiPREPRI%uI| said,
pl ural conductive nenbers for a second length; 15 and (d) twi sting said
second | ength of conductive nenbers to forlfia substantially round cable
second porti on.sutiantidllyredviered byniinsuGting day21, ehchr dfisaid coadwtive megnbietscofshidp of

applying an insulatjng jacket.to sai.d cabl e, second portion. 20 23, A
method as in Clr@ @élefﬂ&g%fb%ﬁ?%?‘ﬁé FRrinupYs, "Bf“pﬁ?sgf"‘fﬂvﬁgma‘s of said
conti nuous, seaghdiRfivé M¥BberP¥daid Ml cabRigdrtidn. St and second cable portions.

24. A method as in Caim23 wherein said braided |ayer conprises conductive
material. 25. A netA®d adA icablelasimClaimnh rfatier tcompdisiog complisesdi eantisuotsr i ses

chemcal 2% b ' [ I m wherein

conprises the §Ehg$°@g%ﬁ“%€%f°ﬁ§d@‘g€‘ﬁéﬁ%§6' ¢ v%f’%rsglld |21;LF§} agﬁ s?cggﬁl gﬁbggpéﬁ%l& ating
carriage, each of s20.d Aeabk &ais Ofim 1%™Eelkinkai¢ diski Glondectorecomprizes a
di sposed t hereon;, 'dzi’/@fc usi.ng said rotati n?ﬂncarrl age to rotate while said
seamess 30 c et ¥ copdyctiys Wige $tandsq during said step (c).

L(HTEETTLEEET g 1L Abningd df i) DA GbaRicoRTobiRGhg BR%kps 3F 26. A

method as in Claim?21 further conprising the steE; Installing said first
cabl e portion in an(@xpaprilingnplursl eoaductive membersafor ghpredetenminedofirst length,

w ndi ng sai second cabh, | E‘QH’ t € rd.reel.

27. A net h(h)dél of maki ng agaﬁ ‘g’@ aé‘%’ﬁﬁ cggﬁsz)g?'gllpa%hgloa?g S{rdg%ab&,% (%g.grr%ﬁ‘l’egﬁgr?get he

5 steps of. (a) pulling guothenl conductive menmbers for a predetermnined first

ength, sald condugyi Ve maiR%hi RSl MgRAAldniho tndhblss Wie'® RShALT v
substantially flat cable first portion;

(c) continuing to pull said plural conductive members for a second length;
15 and
()] twisting said sccond length of conductive members to form a
substantially round cable second portion.
22. A method as in Claim 21 further comprising the step of applying an
insulating jacket to said cable second portion.
20 23. A method as in Claim 21 further comprising the step of braiding a
continuous, seéml.ess layer over both said first and second cable portions.
24. A method as in Claim 23 wherein said braided layer comprises conductive
material.
25. A method as in Claim 21 wherein the step of bonding comprises chemical
25 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
reels having a length of conductive members disposed thereon; ‘
(d2) causing said rotating carriage to rotate while said seamless

30 conductive members are being pulled during said step (c).
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substantially flat first cable portion; (b) continuing to pull said plural
conductive nenbers for a second length; 10 (c) twsting said second | ength
of conductive nenbers to forma substantially round cable second portion;
and (d) bWRi0#2¥31a continuous jacket over said first andPEEESHRENRL e
portions to hold said first portion in a substantially flat configuration
and to hold said second portion in a suhqtantially round configuration. 15
28. A nethod as in [ K Ofguct i ve
material. 29. A rre%éhjo‘g né@;ﬁl?d egi %&Z%Iapﬁ'rh%er cohﬁ%gﬁtegg%l@?%ﬁ

i nstal | i ng safabl¢ pertion ncat;leupqmmlcmammr ofia wtiactable mord: reeliand winding said

retractable c nd w ndin ond .cahl e portion on a spool of
the retract ab?éé‘/g%(g)%?d ??onoiba?ﬁop@ﬁ%ﬁ%@e@?c%&lf g a flat-round cabl e,

conprising the stept @f method)of piakitigla figt-Ruhd cable ferng tbrdodeelp comphisia@ feuct i ve
menbers; (p) bra| Cz,l ng said first length of conductive nenbers to each other

in a paral el StPSQiye-by-side relationship to forma flat cable first

ocond " 251 ehgth BLPalid pAEA n&nhﬁa%gnsean% P % V\A&Bﬁ sal 1c’i‘yﬁ-rs a{§mdsal :

second 25 |ength being contlnuous an ess ength; (d)
tw sting sai deenduetivg memhersbeing paualinl end side-byssislerrelativatosaneranpthiet to fooaad

second cabl e Bﬁgﬁht?dﬁydath}s ubéﬂolrhorl,l trrrr HIrrrr 1t CLMS

(b) continuing to pull said piural conductive members for a second length;

10 (c) twisting said second length of conductive members to form a substantially
round cable second portion; and

(d) braiding a continuous jacket over said first and second cable portions to
hold said first portion in a substantially flat configuration and to hold said second
portion in a substantially round configuration.

15 28. A method as in Claim 27 wherein said braided layer comprises conductive
material.

29. A method as in Claim 27 further comprising the steps installing said first
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 30. A method of making a flat-round cable, comprising the steps of:

(a) providing a first length of plural conductive members;

(b) braiding said first length of conductive members to each other in a parallel,
side-by-side relationship to form a flat cable first portion;

(c) providing a second length of plural conductive members, said second

25  length being continuous and seamless with said first length;
(d) twisting said second length of conductor to form a substantially round

second cable portion.
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