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| NVENTI ON OPTI CAL FI BER CORD, RI BBON CORD USI NG THE SAVE AN
RI ' BBON CORD BRANCH LI NE BACKGROUND OF THE | NVI 1
Field of the Invention The presentlinvention relates to an opti cal

fiber cord with a small dianmeter suitable for high-density assenbly of

wi rings between central office [ ﬁ - "SHﬁ§ﬁgEﬂal office optical wrings,
E’ i th8 d AL

or the like, a ribbon cord usi ri bbon cord branch Iine
using the sane. 2. Description The request for
hi gher density assenbly of the central office equipnents has been increased
according to the spread of optical fiber construction in the subscriber's
system In order to satisfy suclFEELEQFestHE HNGNTEN fiber cord with a

smal | di ?mst e{, V\’fbhlﬂflx%m. tlﬂlm% tmb.asemgqumnm usnt@gpmrsngntmnﬁl office
equi pnents, etc., has been nee . c i ber cord with a
smal | diameter according to a fﬁEQFOPeFQngggﬁghhsihghstructed such that a
yarn made of aram d fiber, glass fiber, carbon fiber, etc. are provided

| ongitudinally along a UV curable resin coated optical fiber of a dianeter
of 250 [err] mand then ultraviolet curing resin is coated thereon and
cured. A fiber-reinforced covBACK@RQHVBrO%hWHE HNVEYTEON by di stributing

reinfgrging fi bese1anbe0hdlel ¥niBheibhe ultraviolet curing resin is then
r ovi o I h ' ' ' ' '
provi de n general, the optical fiber cord havi ng c}p eicaa o¥gbg%néégél%§_tthon

has a finished di afBPRTeFCRHIGVEHTEORFLFHES to @

_a'small diameter suitable for high-density assembly of wirings
between central office equipments, central office optical wirings,
or the like, a ribbon cord using the same, and a ribbon cord branch

line using the same.
2. Description of the Related Art

The request for higher density assembly of the central
office equipments has been increased according to the spread of
optical fiber construction in the subscriber's system. In order
to satisfy such request, an optical fiber cord with a small
diameter, which is to be used as wirings in or between central
office equipments, etc., has been needed. ’

The optical fiber cord with a small diameter according to
a first related art is constructed such that a yarn made of aramid
fiber, glass fiber, carbon fiber, etc. are provided
longitudinally along a UV curable resin coated optical fiber of
a diameter of 250 £ m and then ultraviolet curing resin is coated
thereon and cured. A fiber-reinforced covering layer which is
formed by distributing reinforcing fibers integrally into the
ultraviolet curing resin is then provided. In general, the
optical fiber cord having the above configuration has a finished
diameter of about 0.5 to 1 mm.

This Sheet Has Been Reilaced
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2 —However --i-p—the—optical fiber cord according to the first
rel ated art t he. re| nforC| ng f| ber serving as a tenS|on rrenber has been

f.ormed |ike 5 dyarn has not bee fact or
(ratio of tru k volune) o2 the r}-_'f t he
flber-relnforc yer has not been afjl nore than

50 volunetric % so that It has been inpossi bl ~peacconpl i shed
sufficiently high reinforcenent per unit cross section of covering | ayer.
Accordingly, it has been difficult to be acconplished sufficiently high

rei nforcenment i nHoseseaf, daktheg eptixraldEibeecard amblrd:i.n'gntbhtharﬁssst For

exampl e, | Belitdy b9t 2Ede oldiiAISR) £BROSSLEL Enb hd ARNIBombiBeR M4 L0

fiber cord™wth an extreénel anet er err] mas

finished dibges &ormed 1iklﬂeﬁ’cé’arlnt Feypase then Jasrey &as @qm&%etwl’p’écka ng

factor of %ﬁﬂﬂ@erﬁcﬁidﬁ C(&Qﬁ@.d?%\ferﬁr% hAfmed 't AR IR %lﬂl’ﬂfé’-’f' Angd
aram d fi bers to the optical fiber _cord accordlgg to the first related art.

However, i EeHaE HELPpEUR the FIPRTsEeRniPLArE oYRY1NG laviedn bR I Refkent .
Si nce the bewsm bl mnaéii@@féasé@ ndits tHEresiokollameteivarkn 8 that it

characteristic, the .suffi nt I gh rei nf.ar cengnt fe.ct s .not. been
able to be?‘?)?p(?&e@d lmPossCibg '%IQM e aqc[orqp&%a {—‘34 btf Bo enpl oy
nonof i | anemtel@lﬁawdmdm:r pam unid aptossalsedtiem cnfrd:cammrny rHgayext he first

related arty, g{ ybs'l@%at%'%ée'ﬁm&lfff q.{{ﬂq{) 4@%@513 Ijlhéﬁ%r et he

nonof i | arrent has een satisfied Inre ue tot akdown
duri ng operfifd¢iently hmgtaqeirsf%rmtitrb@a@eq%mm saueTingw-aremi ng

an optical pld ka19@rd i thidkneskl. HbaNBk&mpaEGOLif fugetﬁrfofeé;ﬁfld ielrded
art. The qgpti cal flber cord according to th ond related art is

const r uct e®SEFHMRPESIPLR, bp febTigatuithe QRS eg}"l G Weh e
are provi de&ﬂmg]tyu@maﬂl]l yimma:etxermeﬂ @bowias0 amurad; &HdV fauriatie r esi n
coat ed opt 'ﬁ%f t}er 102 and then a covering |ayer 104 made of ultraviol et
curing resin, is coated thereon and integrally cured. However,
in the opti cal fm@aceoona mayobdi agnsibdenedstecinicrease a packing factor

of the fiber-reinforced covering layer by applying monofilament
aramid fibers to the optical fiber cord according to the first
related art. However, it has been difficult to form such aramid
fiber as amonofilament. Since the resultantmonofilament is thus
inferior to the yarn in characteristic, the sufficiently high
reinforcement effect has not been able to be expected.

Otherwise, it is sufficiently possible to employ
monofilament glass fibers in the optical fiber cord according to
the first related art. However, since such mdnofilament lacks
flexibility, the monofilament has not been satisfied in |
reliability due to the breakdown during operation. '

FIG.1l is a schematic lateral sectional view showing an
optical fiber cord with a small diameter according to a second
related art. '

The optical fiber cord according to the second related art
is constructed such that a yarn 103 made of aramid fiber, glass
fiber, etc. are provided longitudinally as a ténsion member around
a UV curable resin coated optical fiber 102 and then a covering
layer 104 made of ultraviolet curing resin, etc. is coated thereon
and integrally cured. '

However, in the optical fiber cord according to the second



3 ‘related art, the reinforcing fiber serving as tension nmenber has been
formed |i ke a yarn. Therefore, a rate of the yarn 103 occupied in the
covering layer 104 has not been able to be increased nore than 50
volunetric % For this reason, since it Bas been inpossible to be
acconpl i shed high reinforcenent per unit cross section of covering |ayer in
case of making the covering |ayer be smaller in thickness, it has been
difficult to reduce the finished outer dianmeter |ess than 0.5 nm In
addition, a ribbon cord which is constructed by arranging a plurality of
the opt : Cﬁ' ddefed Ards tﬁeﬁ@éﬂf@tcm@l f{(i@feﬁ sgridrnhggis;hlepsb.l)onamenbermas
materi a as not been e sm Ln thtckness and w_dt @l a t hat
such ri bbon Ry ﬁ%‘é‘“‘?ﬁf i YHP h%&&?@é’t‘*'f&rﬁ%&hﬁ ensi t‘%’“aé?énm y
of the cent radcudieddndiite caveringigyer 104 habtnadobeen abd et te bei increased
el oyi g ! Mo M0UEA dd REILGHUE A R0T AFBY EAiENEeaEERNG I oAt EE Rid nddip
yarn 103 serving as the tension nenber 1s provided around the UV curable
resin coat edikpsgile ittsebelaocomptisghed iighaedndoxicement PRE Yaih axass
provi ded betygomn &l 9 WlvdPM g nakled oS bas@oareﬂappﬁ? Cothe feHREB1 A aydr
has been difficult_ to expose top énds, of the UV curable resin coated
optical fib&e SBLIgT rgﬁoww $%5 nat b i BesERes l%ri‘c?"tlﬁé %\?é?‘f‘ﬁ'gel%r
104 t oget herginistied hast &e e anetern Thsaduead Ay twet , si nce a di mensi onal

di screpancy becau of. .the intery L an - r ' he
ri bbon cord enpl offﬁhadflﬁigl%tiacﬁf‘gE%)BecrorcOV%Eg%é'%r%?r%sg%%&%%%Se%%%?ﬁhé
rel ated art arpluralityliofartheoppitdaialf fdderr cobds, intpaxalhpbsand| foxming
col 'ectivel y; gl f&‘li}l?eﬂg a matrix material hasU¥iRhEdn ThEabN¥RAIION D
The present | nventionm has been m'glcr@ N g%t of the above_ circunstances,
and it is anthifirespfandwigtdssdnilavdyi B8R AL SAFIEIRROBEPES DaS Rgt
cord which iga@ideid® thyecgdles¥l fE&FBiyheralibndiofeiienily 0FSth8adeDifhl

[err] m preferably ut. 250 Jerr] mas a finished dianeter, for exanple,
by enhanci ng°1f'e{Js°‘? e?ﬁ?ﬁ?%mirﬁﬁ ect sufficiently. It is another

obj ect of the prexMoteoverntimrtieo ribbvondeord employing the optical fiber
cord according to the second related art, the yarn 103 serving

as the tension member is provided around the UV curable resin
coated optical fiber 102. Because of the presence of the yarn 103
provided between adjacent UV curable resin coated optical fibers
102, it has been difficult to expose top ends of the UV curable
resin coated optical fibers 102 by removing the matrix material
and the covering layer 104 together. There has been such a
disadvantage that, since a dimensional discrepancy because of the
intervention of the yarn 103 resides between the ribbon cord
employing the optical fiber cord according to the second related
art and the ordinary optical fiber ribbon, it is impossible to
collectively splice them.

SUMMARY OF THE INVENTION

The present invention has been made in light of the above
circumstances, and it is an object of the present invention to
provide an optical fiber cord which is able to have an extremely
small diameter of less than 500 4 m, preferably about 250 Y m as '
a finished diameter, for example, by enhancing its reinforcement
effect sufficiently.

It is anothei‘ object of the present invention to provide



4 “a ribbon cord fromwhich a matrix material and a covering |ayer
together with tension nenbers can be collectively renoved and which can be
callectively spliced to ordinary optical fiber ribbons when the ribbon cord
is formed by using the optical fiber cordls, and a ribbon cord branch line
formed wth the use of the ribbon cord. In order to achieve the above
obj ects, according to an aspect of the present invention, there is provided
., an optical fiber cord conprising: a UV curable resin coated optica
fiber; a plurality of nonofilaments provided on the UV curable
resi n coat ech afitbbesal dodie Framowhieh| amgatrik metedtiadcandna aeodering layer

f
bref or red erefisy wPEF-EeRT i ifSHbOAR o8 BE oftectiyety tedbyeq ang,,
curabl e resivhichatean dpei @tallécubnrel}s spliced ato amgiallmrﬂzmima} fiber 200
[err] m (pr ef:ﬁé@@ﬂé’ vﬁerrﬁ'ﬂﬂg zf’.{bﬂ@r? co®d’ :].s Bd2neld byl &‘éir}ng ”Qhe BBtQJéTa‘?.r flb%r

di ameter of t nmet al nono anent is set 1 n a rafhge

[err] m andcerdsniant@ albbenerord keanch -hifll%trﬁﬁrmﬁd I‘Q(Fl{ Pre] uﬁ"\et 9f3'9be

[err] m(prgfﬂ@&Lyc@rdange of 230 [err] mto 270 [err] m). Accor di ng
to anot her aspect of t resent jnvention, ther rovi ded an opti cal
fPber cord conpr| STR@TAeT 6 AGRLENE dHHe JRfs CHRTF oRFEaAdIngers o

met al nonof i dsymesdnt SOf)rme dp:deémlgunmbmaiduy, othemre a8 eprepeidededy optidal UV
curabl e re&&ggﬁatggrgpté%%ﬁm , and ~aresin covering |layer
e

provided integrally wth frabl e resin coated optical fiber so as to
surround the netal mWY icurabiesresin coptegdheppiehdr Edbearbodi nents of the

present invention, fahslﬁﬁgiktgver W Sl s TPHFRALY otk W@érsefé

- of which has a dianeter_o rl mto 50 [err] mand elastic nodulus In
tensi on of nERTLR ARG mmtw a4pa 9 esiorghkudpnadodkgerhpon: and

Preferably an enanmelg i:asmnf cbveiind myré& @Eorefsd oh 3 f@sﬁlf&ﬁt]sﬂtﬁétﬂﬁ@t ed
on a surface of trﬁnrﬁ{ of| Idg g) Prefer%b#ée ggc lITIE lfagtg:rmgt aturlle
metal nonofil anent §78eaT sBteFg o %8
vol unetric %uﬁ:efdzrainéi;er m rodnel UVccueabﬂ,g regdn ceated optical fiber is
set in a range of 120 4 m to 200 4 m (preferably a range of 123
4 m to 127 4 m), an outer diameter of the metal monofilament is
set in a range of 20 4 m-to 50 £ m, and a finished diameter is
set in a range of 190 4 m to 300 U m (preferably a range of 230
L mto 270 U m). .
According to another aspect of the present invention, there
is provided an optical fiber cord éomprising:
a UV curable resin coated optical fiber:
metal monofilaments provided longitudinally on an outer
periphery of the UV curable resin coated optical fiber; and
a resin covering layer provided integrally with the UV
curable resin coated optical fiber so as to surround the metal
monofilaments. '
In the preferred embodiments of the present invention, the
metal monofilament_s are formed by metal wires each of which has
a diameter of 20 £ m to 50 4 m and elastic modulus in tension of
more than 10,000 kg/mm2 and less than 50,000 kg/mm?. Preferably
an enamel thin film with a thickness of 2 to 3 4 m is coated on
a surface of the metal monofilament. Preferably a packing factor
of the metal monofilaments in the resin covering layer is set to
10 to 80 volumetric $. Preferably the resin covering layer is



5 "forned by coating ultraviolet curing resin and then curing the
ultraviolet curing resin. Preferably a thickness of the resin covering

| ayer is set substantially equal to an outer dianmeter of the netal
nonofi | ament. . According to still amother aspect of the present

I nvention, there is provided an optical fiber cord which is characterized
by providing a plurality of tension wires on a UV curable resin coated

- optical fiber longitudinally and then covering a resultant structure with a
covering layer integrally so as to have a rectangul ar sectional shape; and
wher ei n t he fYried iBy cWatiiens vltnaviedetr eupting dedinnahetheon ecuaning ayios

on a pair of_ parallel-opposing surface_sides d no on WL.Ee, .
provided in q]ﬁ'eracv ( ‘?‘hdﬁ}wﬁ r(ﬁf]ﬁh‘ot Rgfgnggﬂgf ap‘éffugeﬁrelg-sg\pl)\%%sﬂrll% Tithce
si des. codozminy dgpytar Vet setti subastanttdéaldypeqtadf tohanpoetentdiameter

i nvention, ther.s l Viwﬂ:ﬁﬁ: : %Fm cord conpri sing: a plurality of
- optical fi be&c%%%zné;%%h 0 vﬁfic I's constructed by providing a plurality
of tension wres dreonding tatsttlkleanathentaspegh pEdihe presengntpvertiemnt y

and then cowy{dY & HarDYilaid af bptidad WibBracePdewhish! £Yhalddear fhdd
so as to have a rectangul ar _secti onal shape; wherein th

and, .
plurality of°¥ RRAGHING &sParEapityi QEdtens1ioR HaRT My HVeFuBﬁbie pEesiRs
par al | el - oppasdten sptiieas siskes 1enditadiaadignand thenscireringad restibeant

covering layer_on another. pair of parallel-opposin urface sid n
wherein t he s&f’iﬁ‘%’f‘f’f? R R i%%‘ferffrb%?i%‘?ﬂsf%eeg" r%ﬁgse%l % %%re%f‘feglgsu(m
t hat the anatérmsramgulanfseetibdnal -shpgpsi mpdur f ace sides of respective
optical fiber Cor%&f]eeir?ft?x‘ég iu Qi?t%'@f‘tteﬁ%;ﬁo Chribbl B RLRRI BY the
covering integrally the plurafity o ptica I ber cords with a matrix
material. coverin®ldver o8 auPRkErof PE@allel -oRPosiage FUTLAFenELi8ns ke
i's provided i *le3ABnCRife i Apsloviided £RNMHd &bW¥8ring layér [dibBaBthektpair

i ncluding a éural | of R(?!Pt ical fi b% Cm’g‘iﬁ each of which is constructed
by provi di ng‘P PATALES L 1PRIOF ARG | DHFFTRSHHPS UV curabl e resin coated
optical fiber |ondidaskdiaid ytangethestibleanogharr esmpdacint oft ruhel usresenh a

cloverl ng Iay:i?i{vent:i.on, there is provided a ribbon cord comprising:

a plurality of optical fiber cords each of which ié
constructed by providing a plurality of tension wires on a UV
curable resin coated optical fiber longitudinally and then
‘covering a resultant structure with a covering layer integrally
so as to have a rectangular sectional shape; and '

wherein the plurality of tension wires are provided in the
covering layer on a pair of parallel-opposing surface sides and
no tension wire is provided in the covering layer on another pair
of parallel-opposing surface sides, and '

wherein the plurality of optical fiber cords are ai:"ranged
in parallel such. that the another pair of parallel-opposing
surface sides of respective optical fiber cords are brought into
tight contact with each other by covering integrally the plurality
of optical fiber cords with a matrix material. .

According to further aspect of the present invention, there
is provided a ribbon cord branch line comprising:

a ribbon cord including a plurality of optical fiber cords
each of which is constructed by providing a plurality of tension
wires on a UV curable resin coated optical fiber longitudinally
and then covering a resultant structure with a covering layer



i'ntegrally so as to have a rectangul ar sectional shape; and wherein
the pturality of tension wires are provided in the covering |layer on a pair
of. paral | el -opposing surface sides and no tension wire is provided in the
covering layer on another pair of parall6l-opposing surface sides,

wherein the plurality of optical fiber cords are arranged in parallel such
that the another pair of parallel-opposing surface sides of respective
optical fiber cords are brought into tight contact with each other by
covering integrally the plurality of optical fiber cords with a matrix

mat er i ?' , arﬂttegxfalf_ eé@iébgﬂ@ Iﬁiﬁled o i‘é@téﬁ@bmrt C@é&t:}.@rﬁl daélﬁé‘@@'_ l%‘ﬁ@ I -
respective optical fibe rds_an en nnecgtors.are fitted i.ndiyidually
onto respective t&ﬁ‘ee‘?ﬁjé“ %&'et Héuﬁﬁg'figglmfg%t%’i’s &Hgfeﬁn%r%tﬁé’rv% ot ﬁﬁ%
ri bbon cord dcovexingddyest pospl pakd ¢b paddlildlidoppasibiypsarface si@ebeandnd
further object e re r i ' ] e V]

upon an unjdglrost% g%%ﬁr?fé" %&'HthZs %%Ioh)s}{arez@t ?@Z‘f%eng%?%%hgglﬁ%%%t %nghggs%‘?l ed
in connect i o¥f \parallel ceppoping i srtaced sidedr will be indicated in the
appended cl ai s, YEIn Qe gi&%&p%@safg%pg &1 teathd:0 el Brl dkr g

to one skilled in the art upon enpl oyin e Invention in practice.
BRI EF DESCRIEaF B eHsprnfhgds the aneien paip of akaltel eRPesing

sectional Vigyrfdewigidied oePtéSpéctiveloptaichl FibBe $61@ aifd brought Hhée?2
I.onal _ vl ew S OWII’]CLaI’l 0

is a schematjic lateral sec tpcal fiber cord .
hocor di ng. T B PORtaRta HoRRoBOtHeE Y Sibike e thtferel iy the Bhiratity,
graph show rof tepisical sfipentdopdopeith s mdtrive mgptexitdl fisamd cords
according to the fijsle DAL MGM G Lle IESENodRy I Idlibd Mg cond
related art, wherein a solid |ine A correspond to the préesent 1nvention and
a broken |irrespeotieepepigbicab fiker ctoxds and;then comegors arechibhiedc

lateral secti i MiW AW BesPe8PLvE Hoy EREE SPOEHSEOIANE 1bRracs888Nd

enbodi ment of the present . . . .
and other end of the ribbon cord is collectively spliced to

multi-fiber ribbons.

Other and further objects and features of the present
invention will become obvious upon an understanding of the
illustrative embodiments about to be described in connection with
the accompanying drawings or will be indicated in the appended -
claims, and various advantages not referred to herein will occur
to one skilled in the art upon employing of the invention in
practice. '

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1l is a schematic lateral sectional .view showing an -
optical fiber cord in the prior art; .

FIG.2 is a schematic lateral sectional view showing an
optical fiber cord according to a first embodiment of the present
invention;

FIG.3 is a graph showing tensile strength properties of the
optical fiber cords according to the first embodiment of the
present invention and the second related art, wherein a solid line
A correspond to the present invention and a broken line B
corresponds to the related art;

FIG.4 is a schematic lateral sectional view showing an
optical fiber cord according to a second embodiment of the present



T " invention; FIG 5 is a schematic |ateral sectional view
showi ng a ri bbon cord enploying the optical fiber cord, WW

third enbodi nent of the present invention; and Fl G la@ed
pl an view showi ng a configuration of a r7bbon cord branch m‘@{ﬁ{ﬁl :

of the ribbon cord according to the third enbodi nent of th
I nventi on. DETAI LED N E_FENVBODI
Vari ous enbodi nents of the present AHEBH HASIBEENS descri bed wi th
reference to the acconpanyi ng draw ngs. rREPéAﬁEmter it is to be noted that
the same or pidaAR{oneference nuneral s _ar e apptred=do the sanme or sinilar

parts and el ements t roughout the drawi ngs, and description of the sane or
simlar parts and %Icéﬂ%ﬁﬁsa fchemptigiaterelopectApnal vd@w showing g Fibbon

Enbodi nent) cora erﬁbitbiﬁﬁ eﬁﬂi)@dd)ﬁfﬂéapffiﬂﬂ@r PESEENladdLAin@Nt o &l therd
expl ai ned méﬂ) ereg g% s a schematic |lateral sectional
vi ew showi nd® %’d?‘?%ﬁl g E’E)‘?%e%fcc Yﬁrh Y £3Frst enbodi ment of the
present invention.FlG. cFIJCs B, sehemb¢ienpkanunkswalshbwdargptesonfiigpratibnbaf e
fiber. It i Sy | ro

of 125 [err] gﬁ’ %’%% %‘é:%ag [?%g’gttglp l?%ag %#Iehﬁv%{eﬁb%? c%ﬁ%ﬁgbggfﬁgal
bare fiberl te; the thnrqle@nb@d:ttu@mt aoproaiecpresent inyenrtidomwi et curing

resin is coated on the optical bare fiber 1 and then cured to thus forma
WV curabl e resin coated O'Eblcal fiber 2. Fromthe viewoint of a smaller

di ameter, the optical fPBEAILER PEFCRIREION el ENMB NES0 [err] mto
200 [err] mis preferedhe a@fbddimenrds Coff dNe prséentt coiwshedn o1l iber 2.

curing Feqi RS- RSA At ATEARISATR haIha RRTOTDREY L8 (rors A T e for
37.5 [err] nIt d.sbdaoclbesmte:d &haisthe rsahe plrl £ihibax ndfiedensss numerafler abéy

a resin wth, ‘%‘Eﬁ]lél Q%mgfo:.zgﬁﬁ 2 p?ﬁ‘:gr%ﬁ re]lerr@?f[ tH28udRARLIPRE

the curing pr I"0 e as avi o curingTresin used
herein. |f admwmm ol and| qigﬁ@riptm a@¥ obhe | 9ame sOF cyiimblax Paxhai andn

i nner surfacg1&héiets will be omitted or simplified.
(First Embodiment)
A first embodiment of the present invention will be

explained in detalil hereunder.

FIG.2 is a schematic lateral sectional view showing an
optical f£iber cord according to a £first embodiment of the present
invention. In FIG.l, a reference numeral 1 denotes an optical
bare fiber. It is preferable that a standardized product with
an outer diameter of 125 U m should be used as this optical bare
fiber 1, but the optical bare fiberl is not limited to such product.

' Ultraviolet curing resin is coated on the optical bare fiber
1 and then cured to thus form a UV curable resin coated 6ptical
fiber 2. From the viewpoint of a smaller diameter, the optical
fiber with an outer diameter of about 150 4 m to 200 U m is
preferable as this UV curable resin coated optical fiber 2.

Further, a thickness of a covering layer consisted of the
ultraviolet curing resin may be consisted extremely thin like
about 12.5 4 mto 37.5 & m to be close to a mass-producible limit
thickness. Preferably a resin with Young's modulus of 20 to 200
kg/mm2 , which has undergone the curing process, should be employed
as the ultraviolet curing resin used herein. If a ultraviolet
light irradiation time is reduced to remain an inner surface side



of the covering layer as a soft uncured region and to make an outer surface
sideof the covering layer as a hard cured region, a single thin covering

| ayer can carry out the sanme function as a double coating |ayer used in the
ordinary WV curable resin coated optica8 fiber. Met al nonofil anments 3
are provided longitudinally on an outer peripheral surface of the W
curable resin coated optical fiber 2. It is preferable that a nmetal wire
whi ch has a dianeter of 20 to 50 [err] mand an elastic nodulus in tension
of nore than 10,000 kg/mierr], for exanple, a steel wire (elastic nodul us
in tension ¢85 the, w@eksﬁmﬁdﬂ as aasbﬁﬂgmcafremi regfienaatd o;onmdknétm bater

brofer abl y, 5 UHEatR E1a8 B 58 SouRrtas da¥en 87 AR T fratPhr d 5510,

[err] mthitiin sdwemey tlayerecant carsy autl the essme daradhios wsneséobblween
h f Iﬂggg_; Fﬁf%’ aﬁ%ﬂi’

;c'?i g_ngsl the relip‘% Cl ngé(%;r]r% fﬂ??&g&%& %%nl-ghfe ﬁ%o %b{:?

nodul us anchg}Zﬁ?d flexibility. The nunher of the met aI m)nofl | anent s

can be det er m neqeLO bR { Pariérditd rﬁdaf&'ﬁ&&f@é@“ioﬁ Bhdihafly éndegree
of smaller dianeter of the optical fiber cord and an elastic mpdul us in

tension, arPiRRPSFiRRALAL surEacs: of\Ehedly GhsalleFesin SRENES ORbLGaE| y
the nunber mibéhe .netsl ispeifidraanld shat &aletdl whieerWhieh tad wodiamévent y,

ronof a2 3% A gL S i, P o hfe bt then
subst ant | allg. cum flog frimy® Arfamexanpdre pleestesl wigeM elasibie mashius dat ed
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first enbodé'ﬂgqﬁd Otge employed. The metal monofilament acting as the
reinforcing member is superior in that it has a high elastic
modulus and good flexibility.

The number of the metal monofilaments can be determined
according to required reinforcement level, i.e., a degree of
smaller diameter of the optical fiber cord, and an elastic modulus
in tension, an outer diameter, etc. of the used metal
monofilaments. Normally the number of the metal monofilaments
is set in the range of two to 'twenty, preferably ten to twelve.
Preferably, as shown in FIG.2, the metal monofilaments 3 should
be provided longitudinally to be arranged substantially uniformly
around a periphery of the UV curable resin coated optical fiber
2.

A resin covering layer 4 which is formed integrally with
the UV curable resin coated optical fiber 2 to surround respective
metal monofilaments 3 is provided. The resin covering layer 4
can be formed by coating the ultraviolet curing resin on the metal
monofilaments 3 and the UV curable resin coated optical fiber 2,
and then curing such ultraviolet curing resin made of urethane
acrylate, epoxy acrylate, etc. As a consequence, an optical fiber
cord 5 can be accomplished according to the first embodiment of



t'he present invention. Froma respect of the smaller dianeter, it is
preferable that a thickness of the resin covering |layer 4 should be set to
-such an extent that the metal nonofilaments 3 are covered with the resin.
In other words, preferably the thickness9Qof the resin covering |ayer 4
shoul d be set to a thickness which is substantially equal to an outer
~dianmeter of the netal nonofilanments 3 to hold respective netal
nonofi |l aments 3. The resin constituting the resin covering layer 4 is
not limted to the above ultraviolet curing resin. Thernosetting resin such
as epoxy resthe presdént dlrbrnlotest Bromesirespdct omyheesmaplayediameter,
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In addition, it is preferable that a packing factor of the
metal monofilaments 3 in the resin covering layer 4 is set to 10
to 80 volumetric %. This is because, if the packing factor is
set below 10 volumetric £, the reinfdrcement effect cannot be
achieved and thus it is disadvantageous to the smaller diameter
whereas, if the packing factor is set over 80 volumetric %, it
is difficult in practice.to manufacture the optical fiber cord
5.

In this manner, according to the optical fiber cord 5 of
the first embodiment of the present invention, since the metal
monofilaments 3 with fhe high elastic modulus can be filled in
the resin covering layer 4 at a high packing factor, the resin
covering layer 4'calr'1'have an extremely high tensile strength.
Accordingly, the optical fiber cord 5 per se can also have a high
anti-tension force. As a result, the finished diameter can be
sufficiently made small to an extent of 250 X m, for example.

The resultant optical fiber cord 5 having the finished
diameter of 250 4 m can be handled in the similar way to the
ordinary UV curable resin coated optical fiber having the outer
diameter of 250 4 m. Consequently, fusion-splicing, exposure of



10 " top end of the core fiber of the optical fiber cord, etc. can be
easi |y executed by use of the existing provision. Next, for purpose
of illustration, a concrete exanple of the optical fiber cord will be
expl ai ned hereunder. First, the W curaldi® resin coated optical fiber wth
a dianmeter of 150 [err] mcan be prepared by coating the ultraviolet curing
resin on the optical bare fiber with an outer dianeter of 125 [err] m and
then curing the resin. Then, twelve nmetal nonofil anents are arranged
uniformy on an outer periphery of the UV curable resin coated optical
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racking factor of the steel wire in the resin covering layer of
the optical fiber cord has been 60.7 volumetric %.

In contrast to the above concrete example of the optical
fiber cord according to the first embodiment, the conventional -
optical fiber cord has been fabricated as follows. First, the
aramid fiber yarn is provided on the above-employed UV curable
resin coated optical fiber with a diameter of 150 L m along the
longitudinal direction. Then, the same ultraviolet curing resin
as above is coated and cured, thereby providinga fiber-reinforced

~ covering layer with a thickness of 100 XU m. As a result, the
conventional optical fiber cord with the finished diameter of 150
4 m has been prepared. The packing factor of the aramid fiber
in the fiber-reinforced covering layer of the conventional
optical fiber cord has been 50 volumetric %.

FIG.3 is a graph showing tensile strength properties of the
optical fiber cord according to the first embodiment of the
present invention and the conventional optical fiber cord
according to the second related art. In FIG.3, a solid line A
shows measured tensile strength property of the first embodiment



11~ of the present invention while a broken |line B shows neasured
tensile strength property of the related art. Fromthe graph in FIG 3, it
has been understood that, in the optical fiber cord accor ahis et:td{asﬂ@nRF
enbodi ment indicated by the solid |ine A1 fiber distortion

about 1/3 the conventional opti calfdiber_indicated py the

when the sane tensile stress is a FIHIS(SHE‘ETWSﬂBEEN cal fiber cor s an
also a tensile strength can be hi ghly REFUQ}EBG ‘Therefore, it should be
noted that the optical fiber cord: . -fe strength can be
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shape. Mre o%q:rféa(\il.u l’b X‘ cord per se can be extremely increased. This makes

it possible to make the finished diameter of the optical fiber
‘cord extremely small to an extent of about 250 U4 m, for example.

(Second Embodiment)

A second embodiment of the present invention will be
explained in detail hereunder. '

FIG.4 is a schematic lateral sectional view showing a single
core fiber optical fiber cord according to the second embodiment
of the present invention. In FIG.4, a reference numeral 12
denotes a UV curable resin coated optical £iber. This UV curable
resin coated optical fiber 12 is formed by providing first and
second covering layers on an optical bare fiber with an outer
diameter of 125 U m so as to have an outer diameter of 250 u
m.

A pair of tension members 18 each of which is made of a set
of three tension wires 13 are provided on a Uv cﬁrable resin coated
optical fiber 12 longitudinally; The tension members 18 are
covered integrally with the covering layer 14 to thus construct
an optical fiber cord 15.

In the optical fiber cord 15, the covering layer 14 is formed
to have a rectangular lateral sectional shape. More particularly,



12 “as shown in FIG 4, two sets of three tension menbers 18 are
arranged in both short side areas of the covering |layer 14 symmetrically

Wi th respect to the UV curable resin coated optical fiber 12 so as to
oppose to each other. '‘No tension nenber 1B is arranged in | ong side areas
~of the covering |ayer 14. A small wire which is nade of aram d fi ber,
PBO( P- Phenyl ene- 2, 6- Benzobi s Oxazole) fiber, glass fiber, steel wire, or
the like and has an outer diameter of 20 to 50 [err] m may be enpl oyed as

t he above tension wire 13. Thernoplastic resin, thernosetting resin,
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respectively, but the sectional shape is not limited to such
ranges.

As described above, in the optical fiber cord 15 according
to the second embodiment of the present invention, the outer
diameter can be formed extremely small and also the mechanical
strength can be enhanced. Therefore, the optiéal fiber cord 15
can be employed without covering the reinforcing tube, etc. as
it is.

(Third Embodiment) _

A third. embodiment of the present invention will be
explained in detail hereunder.

FIG.5 is a schematic lateral sectional view showing a ribbon
cord employing the above optical fiber cord, according to a third
embodiment of the present invention. The ribbon cord 17 is
constructed like a ribbon by arranging eight single core optical
fiber cords shown in FIG.4 in parallel in a straight line and then
integrally putting the optical fiber cords 15 together by means
of a matrix material 16. ' |

Respective optical fiber cords 15 are aligned such that the
areas of the covering layers 14 in which no tension member 18 is
provided are placed adjacently, i.e., the long sides of the
covering layers 14 are brought into contact with each other.



13  Substitute sheet - 11 July 2000 According to such an
arr angenment5—tHhe tensi on nenbers 18 in the optical fiber cord 15 are pl aced
only on thﬁ“s el;ng@@g{Reajaddl ower surface sides of the ribbon cord 17 in

FI G 5. mmm n as the_ aboﬂ@ covering layer 14 may be enpl oyed
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cord 17 i's SePA Id: W 3Rl b&2halihBEba so as to coincide with that

of the ordinary optical fiber ribbons, and in addition intervals

‘between the optical bare fibers can be also be adjusted to coincide
with those between the optical bare fibers in the ordinary optical
fiber ribbons. Therefore, this ribbon cord 17 and the drdinary
optical fiber ribbon can be connected collectively with each
other.

Since no tension member is provided along the width
direction of the ribbon cord 17 as stated above, the width per
se of the ribbon cord 17 can be reduced dimensionally, which can
promote the high density assembly. Inaddition, since the tension
members 18 are aligned in parallel in both the upper and lower
surface side areas, suffiéient mechanical strength of the ribbon
cord 17 can be assured.

In addition, since the tension members 18 are alig'ned in
parallel only near both the upper and lower surfaces of this ribbon
cord 17, the tension members 18 can be simply and collectively
removed from the ribbon cord 17. Furthermore, the matrixmaterial
16 and the covering layer 14 can be easily and collectively removed
from the ribbon cord 17.

When the ribbon cord 17 is separated into the optical fiber



14 " cords 15 respectively, the optical fiber cords 15 per se can be
protected by respective tension nenbers 18. Therefore, there is no
necessity of reinforcing the optical fiber cords 15 again by coating a
reinforcing tube, etc. thereon. It can tf4ws be understood for one skilled
in the art that the above ribbon cord 17 can be enployed as a nulti-core
branch cord as it is. In the ribbon cord 17 of the present invention
t he nunber of the tension wires 13 is not limted to three, and therefore
one, two, four, etc. may be enployed. In addition, the tension wires 13 may
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coupled to the topI@nH@eoribh@nLnozﬁrbbl@orm%dhbtommbﬂlngtacnlurabetz of
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coated opti Cc%l.{ég'glve 1§u51on -splicing between the ribbon cord 17 and the
ordinary optical fiber ribbons can be achieved. Various
advantages can be achieved such that the optical fiber cords 15
obtained by branching this ribbon cord 17 have high mechanical
strength and that such optical fiber cords 15 can thus be employed
as the optical fibers as they are. ' '

FIG.6 is a schematic plan view showing a configuration of
a ribbon cord branch line with the use of the ribbon cord according
to the third embodiment of the present invention. In this ribbon
cord branch line 19, one end portion 17a of the ribbon cord 17
shown in FIG.5 is branched into a plurality of optical fiber cords
15. Respective top ends of the UV curable resin coated optical
fibers 12 in the optical fiber cords 15 are exposed, and then
optical connectors 20 , or the like are fitted and coupled to the
top ends of the UV curable resin coated optical fibers 12
respectively.

In the other end portion 17b of the ribbon cord 17, the
tension members 18 which are provided near the upper and lower
surfaces are cut out and also the matrix material 16 and the
covering layers 14 are collectively removéd so ‘as to expose the
top ends of the UV curable resin coated optical fibers 12. These



15 " W curable resin coated optical fibers 12 are collectively
fusion-spliced to one end 21a of a optical fiber ribbon 21 which has the
core fibers of the sane nunber. . In the ribbon cord branch line 19
havi ng the above configuration, the optil®&l fiber cords 15 which are
obt ai ned by branching the one end portion 17a of the ribbon cord 17 can be
reinforced by the built-in tension nenbers 18 to thus attain the high
mechani cal strength. Therefore, the branched optical fiber cords 15 can be
used without the reinforcing tube and consequently the high density
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fiber ribbonsaslthé heotdy i-:ilb@d@a% eof ethe samé atumipsr cal fi bers 12 of t he

ri bbon cord 17 an optJ f|b ol e virtue

of collective fus?%'h @b?l%’f or?n %]faﬁ‘g?qpﬁré}epﬁltg%@%n&% Eijb"lr})‘i%nce,

the ribbon czonfiguration netlid opdricad €aberycomds it wivisth ame pcbladsddi by -

- size, so th ﬁiﬁk S tyiglyl C8ibb rpeu b
mdlflcatloﬁ%révé? E%rr% ﬁis&ﬁfﬁﬁar& rﬁc}ggts? Pgdgilﬁ to ara ?té?n ©
recei vi ng t eeinkereed Ry thecbpittehh Qﬁ%ﬂ%ﬁlﬁé‘bﬁm’:ﬁhbﬁtt‘?}éﬁﬁ ptgatipobRe he

scope theredfigh mechanlcal strengfR. Therdfrd,SthbalrEtbA&d opticallfiber

§ gzPﬁeng% ecF‘b‘fﬂ? (]:él cqq% ttl:lscead w1|tll?1%£.1tct(:)l:r1g r%(J). E)Ir%:l:l.?lg tube and conseqlrlgrm:fy
the high density assembly of the ribbon cord 17 can employs as
it is. '

Since respective intervals between the UV curable resin
coated optical fibers 12 of the ribbon cord 17 can be made equal
to those between the ordinary optical fiber ribbons 21, the UV
curable resin coated optical f£ibers 12 of the ribbon cord 17 and
the optical fiber ribbons 21 can be connected by virtue of
collective fusion-splicing in the other end portion 17b.

Hence, the ribbon cord branch line 19 can be easily
manufactured and reduced in size, so that it can be used in a crawl
utility space.

Various modifications will become possible for those .
skilled in the art after receiving the teaching of the present
disclosure without departing from the scope thereof.



a-plurality of nonofilanents provided on the UV curabl e resin coated
optical fiber along a |ongitudinal direction; and a resin coverin _
I,

| ayer formed on a resultant structure, wherein an H Lum'lﬂma“ulu
the UV curable resin coated optical fibet6is set in ara OHIRIREYI 1k
~to 200 [err] m an outer dianmeter of the netal nonofilanment is set in a

range of 20 [err] mto 50 [err] m a -l‘ﬁST ﬁw alpter is set in a
range of 190 [err] mto 300 [err] m % Tefl) 4. An
optical fiber cord conprising: 1a N R r!:ﬁ*l [esih coated optical

fiber; whatali smelefimedrast:s provi ded | ongitudinally on an outer
peri phery of the cyrabl .e resi.n.coated . optical. fiber; and aresin
covering | ayer prg\\7(i‘d§ PRF&&P&I F@b tﬁ°Fﬁe%8£9PE&F&BPé resin coated optical

fiber so as to suraoliVd culrabidet aesinoncbaltedenpsical f£ibemerein t he net al

fil t | oy |
S0l err]m o 80| or f PREEatLeFoLY mbhbi3Shchcd piBuiReldton Rl Sy

kg/mierr] am@si@ssoaksf 9ptdoalkEibefalgng a longitydingk idgeqtisay: emdd

conpri si ng: a Y¥seHr abveriRgi Nlapont £shkidd idifla fiiRiltant stritdre. )
nonofi |l aments provided | ongitudi nalglé/‘ on an outer periphery of the U/

curabl e resin coat &d 0Pt PRE 3} fehber, gprd accordipg; focglatnnty whifkein an
provi ded i nt egtall diameherthefUrhe Wabteralehe nresin etbaid et fddlerfivernsd o

surround the t al filanen %'na e | thin filmwth a
t hi ckness of sg%t ngQ?%gP]g% |g‘sE éggt%d“ otr? a su:?u?r énc’e%gf %ﬁjhmgernéiﬁmeter of t%e
nmonof i | anent metal mogofAjampnitchs $¢bein @mangenpfLi 80ng: m to 50 g Wy, andla e

resin coatedeQRikpala Wikfleter is set in alfange, of 198! & mMeBORLLARERLS
provi ded longitudinally on an guter periphery of the UV curable resin

coated optical fibér;28n@Ptical fipggj FordyEPMRELFAPEE provided integrally
with the W curabl @ uvescarabakedesphi eabtbiibeptieaasfiibegyrround the netal

monofilanments, o +49e08h 33188829, 861 80001 oh S + 181 201 TB"SE! LAMERLS, 1
periphery of the UV curable resin coated optical fiber; and

a resin covering layer provided integrally with the UV
curable resin coated optical fiber so as to surround the metal
monofilaments.

4. An optical fiber cord according to claim 3, wherein the
metal monofilaments are formed by metal wires each of which has
a diameter of 20 4 m to 50 £ m and elastic modulus in tension of
more than 10,000 kg/mm? and less than 50,000 kg/mm?.

5. An optical fiber cord according to claim 3, wherein an
enamel thin film with a thickness of 2 to 3 4 m is coated on a
surface of the metal monofilament. '

6. An optical fiber cord according to claim 3, wherein a
packing factor of the metal monofilaments in the resin covering
layer is set to 10 to 80 volumetric %.

7. An optical fiber cord according to claim 3, wherein the
resin covering layer is formed by coating ultraviolet curing resin
and then curing the ultraviolet curing resin.

8. An optical fiber cord according to'claim 3, wherein a
thickness of the resin covering layer is set substantially equal
to an outer diameter of the metal monofilament. '

9. An optical fiber cord which is characterized by providing
a plurality of tension wires on a UV curable resin coated optical
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the résin covering layer is set to 10 to 80 volunetric % 7. An
optical fiber cord conprising— a W curable resin coated opti cal
fiber; nmet al nDnofllanents provi ded | ongitudinally on an outer
periphery of- “Iﬁ“ﬂﬂlm H lz‘MH& n coated optical fi ber and a resin
covering | aye al |y with 4he [JY4i5 Sig re€¢ ﬁoat ed opti cal
fiber so as to*sufroun the met al npnofi |l amgnts, F,P £ the resin
covering layer is forned by coating ultravi Gletcu LAQ esin pnd then
curing the ultraviolet curing resin. 8. An opti cal fiber cord

conpri sing: f£iber deg\iwmle.yrmd Rhedod e PPhy Gotesubtant structi@ieawith

nonofi | anment s cDI’OVI ded.lon d| naI on an ,ou peri pger f the fL:JY
curabl e resif Vﬁr@d’%bﬁygg 30 as to éa?'gs? & r\%‘?ﬁ“ﬂ'@l’l §ggrional
provi ded i ntsigape} yamdt h t he UV curabl e resin coated optical fiber so as to
covering | ayer 5 artein sHEBLErpl ity AP WILELIEEE Bodlifed B fne,
monof i | anent¢overing ayewy o, Eairf¢ﬁ)é?anﬂirl@mmslslgﬂ$m Sz-éésbwld

providing a @b WeHdiloh Wirkens! Ip%w&easlﬁrme PYveridly Eay8sidh av@iteé Ophisal
18 fiber Ion I tudi pal | then covering a resultant structure wth a

covering | ay®F P }%}r?pggsggt%uﬁ%@%e S¥8R%angul ar sectional shape; and
wherein the pluralioy Afrilsten oford resmprsix@yi ded in the covering |ayer

| | el fa d
rovi dod i1 tho oot RERFEGBroD PREETE FEorT ST Bar bl S5 T RS ur f ace
si des. cagstructédoby cprovidingg isipburality af ptemsiomywaesponcal uv
o oohs SOOI pHLEH fanCanuBLater Mot olobi0ailiip 1Y, ohe

tension wires on a curabl e tesi { and
t hen coveri rfgo‘ae%%@ﬁ Fesuditantt GEEUGEURe WEER & Py erdpe lawesgintegrally

so as to have a rectangular sectional shape; and

wherein the plurality of tension wires are provided in the
covering layer on a pair of parallel-opposing surface sides and
no tension wire is provided in the covering layei:' on another pair
of parallel-opposing surface sides, and

wherein the plurality of optical fiber cords are arranged
in parallel such that the another pair of parallel-opposing
surface sides of respective optical fiber cords are brought into
tight contact with each other by covering integrally the plurality
of optical fiber cords with a matrix material.

11. A ribbon cord branch line comprising:

a ribbon cord including a plurality of optical fiber cords
each of which is constructed by providing a plurality of tension
wires on a UV curable resin coated optical fiber longituiiinally
and then covering a resultant structure with a covering layer
integrally so as to have a rectangular sectional shape; and

wherein the plurality of tension wires are provided in the
covering layer on a pair of parallel-opposing surface sides and
no tension wire is provided in the covering layer on another pair -
of parallel-opposing surface sides,

wherein the plurality'of optical fiber cords are arranged
in parallel such that the another pair of parallel-opposing
surface sides of respective optical fiber cords are brought into
tight contact with each other by covering integrally the plurality

This '.Sheet Has Been Rerlaced




so as to have a rectangul ar secti onal shape; and wherein the
pIurarlty ot—Lens+9n—MkLes—aLe_prOV|ded in the covering layer on a pair of
paral | el - opp surface des and no tension wire is provided in the

coen o L TR " oo e e

R daral l el such .
that the another pair of paraIIeI opposing s rfacaﬁg : dspective.
optical fiber cords are brought into tight cb W th each ot her by
covering integrally the plurality of optical fiber cords with a matrix
material. of opticad fﬁbb@ncamﬂﬁ wizhch mateizomatiesiiad, and a ribbon
cord including a L.t f a r a
constructed by pr§b§%§%5 §“§|88 ? kh ?ihgﬁgng%FgeggoﬁgaW%b%?u?gﬁpe resin
coat ed optiraspebbéwelopgncadiﬁabby anudshendcahenlngnaecégmbtamb Sitkedur e
with a coveshggyhneh 1yiels Hesheti3% £0p Mk B ege%a& ££641 olas,

shape; and tension wres are provid t he

covering | agBf ekhgrpgand ef ﬁgﬁaFﬁPPDBp§6§@néSSGPﬂé@étéﬁﬁég &H&iﬁ@dtéﬁ3|on
wire is propizded-eRpbbiReréaeyenisng | ayer on another pair of parallel-opposing
surface sides, wherein the plurality of optical fiber cords are
arranged in paraIIeI such that the another pair of parallel-opposing
surface sides of respective optical fiber cords are brought into tight
contact with each other by covering integrally the plurality 19
of optical fiber cords with a matrix material, and wherei n one end of
the ribbon cord is branched into respective optical fiber cords and then
connectors are fitted individually onto respective top ends of the optical
fi ber cords, and other end of the ribbon cord is collectively spliced to
mul ti-fiber ribbons.
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