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227164 FI BRES Thi's invention relates to coated opt and
met hod?v&}}'ﬁ%? production.. In particul arltne invention ?&?}gééﬂp?ﬁo
coated optical fibres which are especially 5 suitable for use |8%7 @49

fibre systens. 5 Opt i cal ar, wi dely wused
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pl ace of electrical conductors J0i cati ons
Typ| cally, glass optical fi bres have an external dianeter in the range 100
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their perfor 9 'tget cBRred G?Qi%ﬂ!ﬂen?klﬁres'twhich”pﬁ&hanhs? cially
pr ot ect the f rom anmage. |rst step I n the protection of opt e

fibres 15 cﬁ:‘bh‘?% 1e,for. use |’-ﬁ1t Jd jpe QvELens-hres, i mediately

i’if ter t hsf fibr etsha[ e Gﬁ@d!\@aﬂndfiﬁ.%‘é‘é V&é?ré hau&aplm.c?él;?n ua‘e@nqtnhoblatd@ of
ayers of syntheti esin_coatin rotection er

two |ayers, i sels%‘\‘r'éﬁﬁ‘&? I oo§8P§“‘F§P§gr edif’o aghg ESQPan", §ﬁ'di
fibres so coat%ﬂ&llyarglassouptﬁ.m fiburewnhavasan éatemy. diameited in
fibres". Alter [ _ nd e S

sonmeti nmes ref €t eedyﬁsggsltoﬁe prllrgrya y an sec%olazr c%atlﬁgﬂhggdf%g:igs are .
convention i s redoyalklly i sommas:pekarqe;atinndiamﬂmrﬁl r s!thchael agnpventdionad
typicaljy a '%wmwélSbbh&%%o%?%ﬁ%ﬁgr 4 A fed ATy ehérﬁffg #dal1e

the fibre surface at out omt
where the fibrend sﬁ%ﬁfab\m dampged tenkbel QSchEeB'Fl ﬁﬁr?héiaﬁt pﬂgfpymevce and

cur@gble. The pr 'f@ézymgoatleansa en1novne ag ¢f hfmpai:i;ahtl WET protid | khne
serves to buffer the fib from] ateral pressure. reason for

appl yi ng the k%8s EB%!H A8MBE%ctical |y as soon as the f| bre is formed is
that the strength of Tpeassigst eidey sSiulkhef lwmmdafcraﬁﬁrﬁi y f@bridse

AR RN CEREOUC YA RIS S R R e
fibre surface affiter desée £fidthresharrecairasen odnd involves the application of
one or two layers of synthetic resin 'coating. This
protection, whether one or two layers, is somewhat loosely
referred to as the “primary coating", and fibres so coated
20 are sometimes known as "primary coated fibres*®.
Alternatively, and more accurately, the coatings are
sometimes referred to as the primary and secondary coatings,
and this convention is adopted in this- specification. The
first coating, which is typically a low-modulus silicone or
. 25 acrylate polymer is applied to the fibre surface at a point
no more than about a metre from the point where the fibre is
drawn down. Commonly, the primary coating is UV curable.
The primary coating is also known as the buffer layer, since
it serves to buffer the fibre from lateral pressure. The
- 30 reason for applying the primary coating practically as soon
as the fibre is formed is that the strength of glass and
other small fibres depends critically on the extent to which
their surface is free from cracks and microcracks. In order
to avoid the formation of microcracks it is important to
35 protect the fibre surface from dust and other causes of
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abr ?d to this end the zone between the poi nt of pdt iigd 276139 N9 and
the p0| n? application of the primary ®oatings is kept short an
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critical to_the erf nce tical res. particular, the
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on ] al n Slca proper Ies O er a are very
| rrportant [norsakiyor tsﬁdtircaefha@ad oFtase, opkichl mpgnﬁorarrdme mzt henfi bre,

particul ar£¥a¥ gftéhe ptgﬁmeya&aaemg ?ﬁaﬁmaiyytahtﬁ% rcEahhi sehak! y£now

that optica res are being nore wdely depl oyed, IS | nportant that

opti cal flﬂﬁﬁgiﬁﬁﬁebénpdﬁ‘k%ﬁ;)eﬂrPBtﬁFt) hm e'G@H‘"enE‘s' &f°"f chPRPRFRERTES | .
pr atctlced fibiési W%élsuwegef :;qu f@ﬂ@ﬂt t 8tabES, c%lx:ngﬁ:'es%;ibrezeéeress, 3~ou
centl_grade, | | CU (0] C eve or..netwo use 1L n
Conusaeaos gt £heaBel pF [Rehedting ontical o dah. (| orblSs  EEa EoR s
signifi lcangemazexsyl Qﬁsdet W &iyur &ae&&ab&ugasthéo prifiagy leufe_aga.ﬁac
Sone rel ev e r e | |ca | pres are
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deal't wi'th A5ena an
Tech. J., V.64, [®he ﬁeqmrppcqs‘é‘éng 1sggypically a hard and robust

material, such as nylon, to protect the primary coating, and

20 hence the fibre, from damage. [Increasingly, acryl-ates, e.qg.
urethane acrylate, are be’ing used in place of nylon.] Again,
the physical properties of the material are very important in
terms of their effect on the optical performance of the
fibre, particularly its temperature sensitivity.

25 Particularly now that optical fibres are being more widely
deployed, it is important that optical fibre_s can be packaged \J
to withstand extremes of temperature. In practice, it is )
inser_xsiti.'vity to low temperatures, e.gq. sub-zero centigrade,
which is the most difficult to achieve. For network use in

30 = continental climates, it is desirable that optical fibres
should show no significant excess loss at temperatures as low
as -20, -40 or even -60°C. Some r’elevant'aspects of <the
temperature sensitivity of optical fibres are dealt with in

_ the following papers: _ : ' '

35 T, A. Lenahan, A. T. & T Tech. J., V.64, No. 7, 1985,

pp 1565 - 1584,
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Yabuta, N Yoshizawa and K. [shihara, Applsi ed Optics, V.22, No. 15,
pp 2356V0 9348512 and Y. Kat asuyama, Y. M tsunaga, .Y |shi daPGH()GR‘JZ/ﬂil%

| shi hara, Applied Optics,: 19, No. 24, 1980, ppi4200 - 4205. 5
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typically have % gsre 8€gut 258 Fgrr g e up into cabl e‘ts’ wﬁ
pr ov de the regide ?‘ thBRi 3 r 68 lﬁﬁ for the optical
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0. 2 percent, 3®ROTFRF T REALRES g@ﬁ t895£ $try L %ﬁg Q%"bl SE¥Fgin,

opL: cal1({ ihb'[ e conBleguentd y ria:t dlsl exzktual moctdetd:mps.a!mnsappaﬁ.dammrbﬂg efrom
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a rope attachgg‘e g%é ggl %le@ Q&QJ“% efteer Leb%%g:gitlg’r' q’fﬁ [#jét )
| oadi ngs duu.sngefﬁamtedz&y logatinigattinen, Onmccbnféburer(tsl)y npt aca:luh‘e bme
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bei ng damaged hese re renents I ncrease the size, COSt
Optl cal fi br edegbmpd inan 1&% eEhbrese éﬁprleﬁacheGQSQQFYcé:IO f¢%$1er¢ n&hait] d;he-)n

15 descibbed dm £hé EabeReat Aaiate EPaB- #1083%0Ana |thé hnaaeet rmag
flbres are installed al ongéa previously installed duct using f

a gaseous medFamtwhReh3BREies GHGRA LRETALLRELAD IRF JUSRr &F dFFEctq
advance. Thi maabbedmwésmg exiceewn saraBnown EitBr ep Q&clalbrﬁﬂeem ng;im
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damage is very low, typ:.c_ally less than 0.2 percent, cable

20 structures need to be very strong. Typically, optical fibre.

cables are installed in much the same way as copper wire

cables, that is they are pulled into place through ducts and

conduits 'using a rope attached to a cable end. . Cables

experience very high tensile loadings during such

25 installation, and consequently optical fibre cables need very

considerable reinforcement to prevent their optical fibres

i being damaged. These requ:l.rements J.nerease the size, weight
and cost of optn.cal fibre cables..

An alternative approach to opt:.cal fibre installation

30  is described in our European patent EP-B-0108590. 1In this

method the fibres are J.nstalled along a previously installed

duct using flu:.d drag of a gaseous medium which passes

| through the duct in the desired direction of advance. This

method, which' -is known as Blown Fibre or Fibre Blowing uses

35 distributed viscous drag forces to install.a fibre unit which

is supported on a cushion of air.
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[ n;‘& I*Z‘ﬁsg - techniques, wthout any optical fi bresﬁgﬂ#dsgleﬁ@égq here is
no significant stress inposed on the fibre unit during blowing, it is
possible to 5 §iacgetpe Aystndsghistapleds ELgstur &9.“"@'\4@@«%@-,1’ ius itng ns

of space- Saadd titthadloutddigld | exndtallytioni stdenhighes, i f wikaohitbr ginit

is both small .and f i bl e. Typical ly,._a fi.hre_unit., consj sts_of a :
plurality SPt&Sﬁgenh?gﬁgfLg:%%a%g8%%pé¥%%?e;?r eggheﬁ“'gg% AR syoess™
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gni ti B | dessbirae]g Hdldipgé%ﬂmo ' sgfna_ad lEM@ﬁﬂﬁfpph?mélﬁssheﬂﬁhf Qua¢H o be
esir e,.e.g. r_good. . ow,ng performance,, for the coatings in a
o ont 1 nisau Fonmed: AoRrinees t St il BiBE8CE prel ui¥y [REY' BlRs
nechani cal ipedpdet izsrbpebrd fidrfachlitabdat ibhys splittisggout cafit the t he
Lenper at urg; 3608 | ELuh ¥ngl ublie AR IEdndAd¥sn B Wi FIRHAN. CokXBRAREH! | €5
of the primary an secondary coatings. It i's no surprise, therefore,
to | earn thftmuhtipla-g2hse3vnitie arerdesfribeddin mpr Enxerean patenter

sheath of gpDBLEEESE10N sHai LrS0EP-ADE258838. | owrlRa UsndEselcasd | gy -~
e.g. an acrylate_or thernoplastic rubber; an optional internpedi ate sheatQs

whi &P i s hBFBIBblY qopehiter ofhahustpashvtRotber fidre BREVAESda WHitgh 2
'mod;JI uts. of s gl 88bL ¢l butlkg[] ﬂﬁ&eﬂ_.ib‘h&ﬂeQQQ‘c{\Eﬁ&htﬁE [ ks, gifecﬁeagar iffespa:si-cal
protection SO neat h..aQd an,outer sheath of {oa erial..
Thi s arra‘ﬁggzréﬂg pg aE? ﬁit'égf’ﬁgggn nfPySEARP 8c8'd_3r-§/188gE ThH8ERNEREE
appl i cati obs tdesodibeduin EPhRe93FE8535 and EPs-A-0B3B&ABve, W th the
addition of a fo d.l.ay I he {1 bretitsdensity a e
i nprove bl owability. hﬁ%mee%/géﬁ .vﬁd{e@t fﬁgreg% sagg&r;%h?}%fl a%'l %’y bq%tl{/]vegﬁgtdhe
20 blowing performance, for the coatings _iz_l a fibre unit to

surround the fibres tightly. As a result of this, the

mechanical properties of the fibre unit coatings are as
significant to the temperature sensitivity of the optical
fibres as the mechanical propertiés o__f_'_' the primary and
25 secondary coatingé._ It is no surprise, therefore, to learn
that in EP-A-0296836 the fibre unit coatings comprise: an
inner sheath of a material which is soft and has a low \:J
modulus of elastiéity, e. g'. an acrylate or thermoplastic
rubber; an optional intermediate sheath which is hard
30 (greater than 75D Shore hardness) and has a high modulus of
elasticity (greater than 900 N/nmz)., to confer mechanical
protection on the soft sheath, and an outer sheath of foamed
material. This érrangement is akin to the primary and
secondary céatingfs whose application to in_dividual fibres was
35 . described above, with the addition of .a foamed layer to
reduce the fibre unit density and hence improve blowability.
However, while there is some similarity between the
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requi renents nade. of . pI’I mary and secondary coatings and those Made of -what
m ght Uh’()rﬂagmidﬁd as the tertiary and quaterhaly coatings, PGIVGBE2A0a190/
when one is only coating a gle fibre, there aré& Extra constraints which
' em whi ch has to hold

only apply when one 5 IS Pr. oV a coati st.

several fi bresﬁ%‘b’e’? fmpats ?'ﬁ‘gﬁg °1£‘j ‘%‘W’fl %gﬁ AFY Rt RRsu AR Ehose
to udg.nateri ataddad nqxdwxgeghtelhstnaganﬂd iasattiel tectiargeantl yugtednary
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of multiple- f'tye?salv&ai AN ey By@tian Bfh T adkuSe shgmqt& “beveral

surface of thé outer coating is exposed to greater tensile and conpressiv
stress than |n--é’-"'-s§§19‘\:@9’¢1:bﬁ€ uniThusys in ¢ mudtipder fihsecfunist (one Unvld

cannot necessa;gﬂée@woﬁsa ﬁaﬁéhﬂﬁlfs‘yahm‘éh'l@l'g\&ﬁ le3 ¥ Smé@ﬁ?ifhﬂ&e:.n
A further, consideration is that

unit to work for t e- reU|t

whi l e one mi gif® % gf irfﬂ?‘ﬁ?%l vHOTROVETsh SR PrhkiPLEON
from sihngl e - fti@:ﬁwl\iuiﬂ:l asf [bhmf unhbsindivh;laaloffﬁres ifaﬁlbogéﬁetﬂlnryndach
that t opti operti t tigal . fl | i ni re ver
dependeia on 1(:; Al &i#ngP??e e&*‘ﬁtat#e tg;a-??ﬁgg:@seﬁﬁ i%F.nal © mov
particul ar, aradlativenttioresblprashems| \In tdédittion,catherigegercdianéter of

opt i cal. f1bre geatings smrkedits &1 fekal NERhEMRREALULS RGNS e Blo 28

optical fibreS coa reover, the stifffness
mar kedl y af f esusext sswrarag qfer the novder | ¢oatingr esUrﬂxp%edo@oStgteater

wi | L_not bl owsangl 1leediia 'éb@pf@@éﬂ;efeteaygr QHE&”En Zh%angﬂeiﬁ@%
nmeans cl ear that a coating system 30 whi ch works for a Sllagg re unlt
will allsdb workt f&r %thBFEQFPEPeWW one, ERNNOH3INECEESAFALY jexpect a

described a rasgeislg siyBdlemr whu.lahewu&u:ESohaal@ﬂngneeﬁabea{mseatbnaoMI £6x

ComDr e 2 FAChE PRGOS CRTURLING S0l SULRL IR LELnac L P2

or holl ow pphgnmilght mxpm‘phstzsnger coatlhrgs to solve the problem of

 transition from single - to multiple-fibre units, it has to

20 be borne in mind that the optical properties of the optical

fibres in a fibre unit are very dependent on the physical

properties of the coatings used in it. In particular, and as

mentioned previously, the rhysical properties of optical

fibre coatings markedly affect the temperature sensitivity of

25 optical fibres coated therewith. Moreover, the stiffness . of

a fibre unit markedly affects its blowing performance. If a

fibre unit is too stiff, it will not blow - at least in a
real-life environment. N |

) Thus, it is by no means clear that a coating system

30 which works for a s'ingle-fibre umt will also work for a

multiple fibre unit. .

In EP-A-0345968 there is described a range of single-

fibre units having an external coating which comprises a

_ _rad:.at:.on-cured polymer containing particulate matter. The .

35 - particulate m'atter is variously, PTFE particles, hollow glass

microspheres, ' or hollow polymeric microspheres. The

particulate niatt_e.r, which preferably has an average particle




particul ate matter, which preferably has an average particle W93/ 01512
PCT/ GB92/ 01190 size of less than 60 microns, is mxed in with the un-cured

| i WO 93/0852er . The fibre to be coated, which may al r eREY/GRIFOKINerti ary
buffer layer, is drawn through a bath containing the polyrrer/partlcul ate

;noxture tcsﬂér%eoﬁnlasbethﬁn_GOCQ&bh:@glsba\ilsn%&ethiQi(?ﬁsc% ithd hh@nj: éo to
m crons e_coatin red usi ia ave foun

that the CH:I¥HY B s Theo Stk 19, BB, R0858800hiehe At aLreasie 4 or
use i n sheasdve nga mtletntﬂlaa—-y fbblfeeurnllayei:n partldmbmr theolane Eoulggjthhat
such coat| 0, f en the u

bent. W K&V ounx(!.lg ﬁh%ﬂ"bé :.Hﬂh.% wﬁﬁ?% p & ?’obrdmfhﬁré ﬁ as
4-fibre ar!tbf&im@rbaunhgsa tﬁmﬂmsmglay§hemm@s@rlmedt0n 7RP-ol @B8dB968 f or
si ngl e- f'gfl'f'e ﬂ?efé"E%Qﬁr&h?é'%aﬁé’znga \M}‘. %atirbﬁed in wth the outer

coating 1 produces re unit dare very prone to "fibre
br eakout " Ba¥eyfrunds thrEgERe PR NG SHS temH ash feaspibednirs a

progr essi \5@%56@45%3 berdl rowligifi tab e e gL f's%@altfhi'n‘% RACHEch &l
whi ch irreversible darra eto theb&geat hi n wg?c]cws ﬁl |.owi n he secondary

coat ed fi id¥e 8520 1 BREGiEHLIATTHFE &patings
fi bre- br e@ouiul tilfl é "Ei beadunies usend vbi £kl Id@henbtnékﬁnltoiﬁwb%r(ﬁ he

Lo T o bend e ARl St til eRehhPREaEEY  phin mifstany E0RE SO0
is in pracnice moichussmbiefibfe and 8-fibre usits, obhectoaftiige gystcemt
| nvent | Ond.%%éﬁf 1@ddles an tfmipc‘/?@'?(géé’atfdlg §%’3 féﬂl-%siﬂ%e flz%JF*Pé Jr{ %aw g

units. nvention al so seeks to provi m e uni
good | ongagitdcarade bimanites pérfmﬁaﬁcelnarwltlan therpm\t@}” r sxiattinge bW

fibyg br eﬁ%l%er,?’%roduces fiﬂx‘é @xrfﬂﬁsskvtﬁ%‘?xe%&et Ry p3eie I%\larﬁkage

provides an optical” fibre packagef bl own installafion, the

conpri si n§TRRKOMLS - orf‘é5 cﬁ)tﬁc%‘Fef‘F‘H'% 15 (PRATFPSS hveblit EPnanﬁ“ﬁ’g W% ur ed
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modi fi cation
sheathing occurs_ _al_low:.ng the secondary coated fibres to be

20 exposed. This phenomenon is known as fibre-breakout. If the

' bend radius at which fibre-breakout occurs (the minimum bend
radius) is so large that a fibre unit is l;kely to experience
its minimum bend rad;us during normal handling of the fibre
ﬁnit, the unit is 1n practlce not useable.

25 | It is an object of the present invention to provide an
improved coating system for multiple-fibre .units. The
invention also seeks to provide multiple-fibre units having
good long-distance blowing perfermance and an improved
resistance to fibre break-out.

30 Ina first aspect'the present invention provides an
optical fibre package for blown iﬁstallation, the package
comprising at least one optical fibre and having an outer
coating of cured £iekihle resin, the surface of said resin
coating ‘having been modi fied prior'te the cure of said resin,

35 ° the effects ef"the surface modification still being "
detectable.
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Cncur od Pesi n "R aadiA of SPTRRTIEH % har PP e 5o BEAdR  Bpe”
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conbi nati ons c{ysed it NafeVatio! efaeauw ne alag%-lﬂwaceuﬁftssuch 20
properties as viscous drag, friction wth resp e&ééto duct materi

br eak- ol resi stance, ‘?ﬁﬁ%ﬁﬁmrlfy the,, §urFesessh F"Pé§i"§?’an88mp§|‘§ﬁér abhe

the particul atfadmtiss o5 désibedlpartdéubatésnatoercgonphe suetasphetethe
Mor e pref erabIL{ the balls, 25 are hollow. The round surfaces: of balls
provi de si gniftTHMS stf¥4%e area to enabl e good bonding with the uncured

resi.n surface. The mhenaddditfiare ofl pam:éaluiarhaattbe énabileed auwitlei sanget

t oo abrasive, educ t h J 23
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Addi ti ohdl |y, tale eyt sitesn ofemy suadiaicebhrive ngr 3 mseu l;@werbaoeﬁf yennt ef
and becore CO@;%&SM@&% Qc{:hSooﬂt ahcﬁ;e%ﬁzmof:ﬂé}? tHEL 826 284 Ny
surface, the resin surface its tends. to becone covered
the resin alone. 'l‘he material and shape of the particulate
matter can be chosen largely independehtly_ and combinations
chosen with a view to achieving a good balance of such
20 properties as viscous drag, friction with respect to duct
material, break-out resistance, 'durahility, abrasiveness /wear

LS4

resistance. _ _
Preferably the particulate matter is in the form of
balls, for example microspheres: More preferably the balls

25 are hollow.
' The round surfaces of balls provide significant
s surface area to enable good bond:.ng with the uncured resin

surface. The round surface also means that the finished unit

is not too abfasive; reducing 'taaj wear on the working

30 surfaces of the blowing equipment anazreducing damage to the
- walls of ducts durlng blowing. Additionally, although when
very small balls are used some balls may enter and become
completely submerged in the outer reg;on of the uncured resin
surface, the resin surface itself tends to become cbvered

35  with balls which are_Stuck like flies on flypaper - that is
with the bulk of éach hall projecting above the resin
surface. The effect is advahtageoué'in terms of increasing



35 with balls which are stuck like flies on flypaper - t hat is with t he’

bul k of each ball projecting above the resin surface. The effect is
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al one wi || foonexabple tbe ianowatsl rﬂ;jucl:lheabl swabnlesy Gtie®l Ji,s gkmss eﬁgrh of
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cond|t|on\é§&£¥pfﬁe gﬁlet t& ﬁ% %n%f?%ﬁéjoéf Eﬂ% ﬁlb}%n &Hﬂﬁ ects may
syner gi st |%§$¢9t|MVeE§@Vb¢6WahYI$¥9h FHeateEl bk %t%w thancthe heesial i d
bal lyg enabierl r fledhi t&lakx dense urmtterwé Sa m aﬁoﬁéﬁs%o-fe‘fﬂ%ﬂéiﬁﬁ ¥kt hout

significa creaS| t he of t e fib uni t deed t he use
of hol | ow %ﬁg‘F MRy e rb ?he ﬁﬁﬁﬁ ?r#ﬁy‘:[ E'iﬁe C‘qu‘{ﬁré- i? 8 pe
reduced copetressingt bhe bdiowale 1 itlyr e(that wlthe\n Leagthpaf ithd akwit

addi tions,_, even where th ST a | ass.
Where mat e"f‘?’eﬁ’é S?ﬂe?’g é% &ﬁas‘?’? é'(r}gdc ls‘g%nf%'gsg n§§H éﬁ%éﬁ/%@‘%ﬂ"go be
provi ded icomddtioonsd br mf wihé fupittherbpbt ditei atombiinations ofh 28e two -

dongisty. Al \GhPU I NErLDsLICaS? PoBLLS bl BRaBibigul ar maltor e

be i'n the s® or a signi |ca f plurality of
the particul ate iThel vssenfarbobiovegather nthrBnsAddbsbhalis enables

Whi | e t he wsie©f velPf i datierild)ly) LhcH 66082adE] 088 Hoamsd@twidisoet
br eak- out perfornmance, such smaJl par tlcles end, to rovement in
vi scous drifPRHHERARELY, & RFEPRS 1RY efﬂﬁ“‘?’éo‘?ét%s&’#?r‘f’&? on. -
Lar ger Indeed the use of hollow balls may enable the mean dens:.ty of
20 the fibre unit to be reduced compared to that for the f:.brs
unit without p_articulate_ additions, even._' where the balls
- consist of a dense material such a's glass. Where mater:.a.ls
other than glass are chosen for the balls they may also be
- provided in hollow form, with further potential reductions in
25 density. _
As an alternative to the use of balls, the particular
matter may be in the . form of lumps or flakes. u
Preferably a s:l.gm.fa.cant plural:l.ty of the particulate
inclusions are at least 10 microns across
30 While the use of particles less than 10 microns across
does not affect break-out performance, such small particles
tend to offer no improvement in viscous drag effects and
there may only be minor reductions in friction. - Larxger
particles are therefore preferred. N
35 ' Preferred embodiments of the present invention will
now be described by way of example only with reference to the'
accompanying drawings, in which:



particles are therefore preferred 35 Preferred enbodi nents of

the present invention will now be described by way of exanple only with

r ef er enwi© 93701812 accorrpanyr .dr awi ngs, gr n which:, 5 W03/ 0 PEXI2GB92701190

PCT/ GB92/ 01190 Figure 1 i%.‘4 . schematic cross- se¢ nal view through a

two-fibre package acc@iguige ' Lheai e‘crhrehuami,c FoxpEs-sh ¢ 15i Gnal hepsisi €hrough
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e
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t hrough an ei ght fi breﬂdem-he&gez dec® dicfgematimecrme@moﬁaguvteﬂ shedtigh

schemt! cal |y e APPOFAHS BREKAES! aUBBRALAL LA L dudiied ook~ ou!

radii; ures 5 s pri bre unit as been subj ect
to breako t; Figure 6 M% H(ﬁ(ﬁnsc?rwmﬂ m%%t%oéﬁlaﬁiewdthrough

slecyon of an t&rfléa][ b‘é'-“fibﬁﬁcﬁééklaget QcEBQ'dh.Eh?e%U @he J.'rﬁi‘érrféﬁ.gn and98 are
pl ots representing fibr ckage bl owabi res is a
pl ot showi ng the eff ecf’gqgﬂ'" r%h%‘ﬁ eﬁﬁ%ﬂ%ﬂ"&?lﬂ'é'nﬁé‘ream‘?ﬂaaﬁ ngndntgst
four fibre paCMﬁyaEﬂo(héééifiﬁnwﬂﬂhkenbkbak buguradif@;is a plot of a
friction analysis of s uni t

| ficb t . ' 11
a schematic illustrati %é%tr“%@ mlgt% wﬁsgdp¥§°§s§§gsff‘ﬁﬁefPﬁ’fi Bglégg[)gﬁﬁvplﬁéf‘
of the ul@ts asabjset ito Fbm]eouﬂ,, Figure 12 is a plot of installation

force for several fibrg f'Hﬁ rraj i e925 h°t°m=r°g§5§¥l. 8r ndl3dds %Tyosais of an

schematic illustrating srna ine

produci ng fi br @ndnisectliqpurat 1ap shofkbpe ourssi ngce@siansstpomeheqmmmmon
of a typical fibre uni f'i@ﬁ‘i:@%deQnBO 8t '&%e’ PARS FeprldsUHiE no £5hfe ?ackage

sectional diagram showi ng details a coati ng chanber” for surtace
nodikii cati on aBdewWabiditdit he |nvent|on and Figures 16 to 18 are opti cal

m crogras of four- rFigures 9 is a plot showing the effects on fibre
attenuation of temperature cycllng on a four fibre package at

different wavelengths,
Figure 10 is a plot of a friction analysis of several
fibre unit types; | |
20 Figure 11 is a schematic illustrating the method used
to assess the frictional behaviour of the units analysed in
Figure 10; '
Figure 12 is a plot of installation force for several
fibre unit types; ‘
25 Figure 13 is a schematic illustrating the major
; elements in a production line for producing fibre unmit;
e : Figure 14 shows processing details for the production
of a typical fibre unit according to the invention;
Figure 15 is a sectional diagram showing details of
30 a coating chamber for surface modification.according to the
| invention; and
Figures 16 to 18 are optical micrographs of four-
fibre packeges according to the invention.
Figure 1 shows a two-fibre package having an outer
35 @ resin layer with modified surface. The two conventional
fibres 1, which heVe both primary and secondary coatings, are
nominally 260 pm in diameter. The fibres are poeitioned on



fibre packages according to the invention. Figure 1 shows a t wo- flbre

package having an outer 35 resin layer with nodi fi ed surface. The two
conWE®3/01812 fibres 1, which have both primry and secoPCE/GB92701i9%0gs, are
nomnally 260 [err] in dianmeter.-tPhe fibres are positioned on WO

93/01512  either side of the centre line of the pacREHeGBIRL0thA® thQir

ei ther side e e ni ck secondar
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m crospheres which are attached to t e resin ‘ace on t he
appl tRati orf HHFFFRARRTRFTYLAFR F8§AR, 3208 fEFeabortd 519uﬂ#nbrthia§br Atate in

this exanplhi®! lawed asmoriec’ sapbaces 56! dnd&icﬁred he t radepRE® i 500"

by the P t PO Bgx .840, .Val |l e 482 USA) The mean
s?/ze (eef erEE? iy 'L?\%h% 8§('f61°a§:ﬁ8%m %¥%§£ﬂgﬁe th8 [%FF-}uﬁ\Pf‘h ango

ran?e of 1&ddz1ﬂ§£bri emf]élasé‘hmnrosphpheses aoethaph':feed.ri @dﬂ;}ﬁd@ﬁl m}:he
surface in gt tskhe o te,as far, as_the interface.
bet ween 't he resﬁ}#@yer g ' ?%yés %he TP IR FRIERFE oPtX U
cur el af t e Bt rﬁh@rémmmefa&hsr euteu res:l.nebavyag Bheo mlmoam‘ﬁes
trapped Ii o] I

mi crospher??f%eratlayelxegucgggt %Haﬁ:ltsct?%nﬁ% gﬁtﬁ et ween cgrPh?’f%sr
‘package ango| %e%sﬁqr othe hEradenamst § QuBEdh 5t°r9é R kelye PQ Islogmorakion
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20 range of 10 - 180 pm). The microspheres are applied to the
resin surface in such a way that they do not.penetrate as far
as the interface between the resin'layer 3 and the buffer
layer 2. The resin layer 3 is cured after the microspheres
have adhered to it, leaving the microspheres trapped like
25 flies on flypap’e_i. The presence of the hard microspheres
greatly reduces the friction which exists between the fibre .
package and the wall of the duct into which the package is U
blown. The reduction in friction contributes to the enhanced
blowability of this package. A second. factor which improves
30 blowah:.l:n.ty is the enhanced viscous drag which the rough
surface provides dur:.ng blowing. '
A similar 4- fibre package is shown in Figure 2. Here
the four fibres 1 are _dlsposed symmetrically about and
, equidistant from the axis of the package. Again the
35 - secondary-coated fibres are arranged so that their secondary
coat_i_ngs just touch. Inter alia this helps to reduce the



surface provides during blowing. A sinmlar 4-fibre package is shown in
Figure 2. Here the four fibres 1 are disposed symetrically about and
equi di swanp3/01512m the axis..of the Eackage ain t h®CIFGBY2/01190
secondary-coated fibres ar ranged s 1t hat t hei ;Qcondary coatings just
touch. 1nter iRGhaeme hel p@fto r 8REOPRAAINGH3/ 8¥S12 ~ to - thermal
PCT/ &B9201 190ddﬂam%n/gxpanﬁ§ﬁobendl ng due: . to. t her mal

cont ﬁactlon/ expansi on. _Three’ exa es of_ 4- flee package unlts nunber ed
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‘these 4- f| bre Themi3&s nesin hoad o gesastni s 2094 ebgedint iof about
‘tradenanme "Q Cil gSgBalPa" tbﬁsiﬁ@ E’@:Eﬁ&’éﬁr@f' 9”3 MPEIe dBsHbsé 48 hardn ss of
(effectlvely the 15 0. hese™m crospheres_was 35 [err] ?1

‘range ofl!®s5. 448mand AgaH'ls h@lrﬂ ngaFL AR es e’9ppIFRRL R o ha%e ?e&WSile

;Eurface [ E suchoauml ¥ thet 2heg. d‘%’??t“ pefet amtaﬁm@r aegl he drg erg ac433sg5
fetweenteresna apd the bu ayer The ,resi.n | ayer
cured after th® W?P%gﬁﬁ‘ereggﬁaﬁ""fﬁ“p%&&ﬁér &8 %BQFP ir %35 qqqewere
three exanpl arhdllotr glabstmicreospherés| $old undexr the tradename “Q-CEL 520
347 348 2 t V. 2( 8
Di akgter of | aygg BEXeFP? L cg?%fga%4 ﬂ%lﬁeaﬁl ciﬁ%szgglfelc é’relér t%
(err) 15 7008D. )68f thes@ miaxdogphexes ryas 35 pm (with a rafgé€dof R54
.0.71 Figure 3 ghpws. a SA%Zlﬁr the 'ﬂ@rb‘é‘b eres FoNr eof %fié& e‘!:?gt resin
fibres are arranged as. I e previous 4-tibre unit her
‘fibres, 't he S@Eface ;.gupuch grérayadg}# they did not penetrate as far as
: : the interface between the resin layer 3 and the buffer layer
. 2. The resin layer 3, was cured after the microspheres had
20 adhered to it. '
The sizes for the three examplar 4-fibre Units were

. as follows

Unit : 347 348 349

25 Diameter of layer 2(pm) 789 788 788
| Diameter of layer 3 (pm) ~ 930 . 924 913
Nt  Thickness of layer 3 (pm) 70.5 68 62.5
‘Weight (gm’l) 0.69 0.70 0.71
Figure 3 shows a s:.m:.lar 8-fibre unit. Four of the
30 eight fibres are arranged as in the previous 4-fibre units.

The other four . fibres, the . outer four, are again
symmetrically disposed about the axis of the package, this
time on the centre 1inés which separate adjacent ones of the
inner four. As before, the-fibres'ére'disposed so that their
35 = secondary coatings just touch. The overall diameter of the
buffer layer in this case is about 1mm and that of the outer

layer is about 1. 2mm.
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symetrically di sposed about the axis of the package, this time on the

centre |ines which separate adjacent ones2of the inner ore, the
fi bVOI3HPIS14); sposed so that their 35 secondary coat ié@%ﬂ?@f"'?ﬁ‘&ch; The

overal | diameter of the buffer layer in this case is about 1nm and that of
the outer |ayer isSEmbBigurerfincan be)seem\(Rrogigropgraph of a section
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outer layer resin surface of outer I%ye,r | | .

~ so as to allow the motor to drive one grooved plate (6)

towards _',the other while maintaining the two plates in

parallel. In use the fibre unit under test is placed in the

20 groove in each plate and allowed to adopt a free loop shape

between the plates. The distance D between the plates is

then slowly reduced and the apex of the fibre unit loop is
carefully observed for signs of fibre breakout.

The fibre unit radius at which this is first observed

25 is the minimum bend radius.
The results of these comparative tests are shown in .
Table 1. _ O/
Microspheres mixed in Microspheres applied to
outer layer resin surface of outer layer
30 (as in EP 345968) resin (according to the
: present invention)
4-fidbre 10mm +2 2mm +0.5
35 unit
8-fibre = 50mm +5 ' 25mm +2
unit :

40 : : Table 1 minimum bend radii



30 (as. in EP 345968) resin (according to the present
i nvention) 4-fibre . 10mm+2 - = - 15 -2mm 0. 5 35 uni t. 8-fi.br.e
50mm +9%V0 93/01512° 25mupnit 40 Tahl;e. 1 ni ni RGAYGBAZYOALRN i
WO 93/ 01512 - i PET/ GB92/ 01190 The

m crospheres, outer THelyemickespheresand outér di hapeers nezdchs N 4h&€SC€ unit

tests. W i dentj ach. of t Lgues Ly
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than th i fvd ey 2o8f wish i.n.
| pract; ce we gt aRL ETF cilg e BES K%nd-fég%?ﬁ?s%ﬁ%t EndhEtnbd/ B BB
m xed i nSto t RS4ut 68| hp¥e sdgrd Figantly chpvgernad ngdmymg hend aradpi olthan

| ndeed we 10 tnhds¥iNgr&8GBeli e modi Syingsablsy fie abhrphaet id¥l tiRyr B%%g
From a conparison of -our newsg(r)oduct .and those made according to EP 3459
s

d
‘we have concl d@¥®T HERSHP; PIOREHGR ItV RRBRERNRY thAt ey haadldng
L hte presteﬂce ixatinﬂw15ﬁ?£ﬂ596&;w'-m'@;ﬁﬁ¢?ﬁésraﬁsdgarema%ot e NdtdACRayer
et ween the outer, ...and inner_resin layers, .Figure a

phot oni crograﬁﬁs%\ﬁ’rﬂrﬁngﬁﬁﬁ#ﬁ}% §P%a &i %nﬁm"fgﬁécgﬁ?#’ﬁ@“\‘o EPadsedgwe
whi ch he suf feund fsuohe-fibrekeni tst honusabdepdiod ad lamatacstiscahoparposes.
clearly the n e_0 failure. ) vy poke ) f r Lak

Cest tuo 4-fi Broma pemBEriTon bl off ney, proguct/afly LhbRE nEBERRLELENT Ao
one coated acter dERg 314596@ mecHhRyge oPncPuded3sUEs Whis wpapFedbreskouy
around a mand frnfdyEE i ] c R A2 B y | r
100 hours thebgr%ifftarcoat edqasg%ﬁsahg o&gg EQ. ngg %é‘%\ésu %rlgg[ﬁ%1§p34§§%%
|br egkout ,” whePERSUSES off (RYCOQRBhGERS sathEbanintesiose Ratsrapmgthe euser

presentig nvenangn i@ i tesilH f1afywsked.i bre breakout. A further factor which

e have found to be Lipartagt LN PpRaeanithdgrugh Yoy an cxsmsle oF 3

‘an outer |ayer :

: ‘fibre unit according to EP345968 which has suffered fibre-
breakout; the accompanying analyéis shows more clearly the
‘nature of the failure. | | | - o ]

20 'In a further comparative test two 4-fibre units, one
coated according to the present invention and one coated
according to the technique of EP-A-0345968 were wrapped

loosely around a mandrel of 40mm diameter and placed in an
oven at 60°C.  After 100 hours the unit coated according to

25 ' 968 had suffered fibre breakout, whereas even after 1000
_ hours the unit coated according to the present invention had
AN not suffered fibre breakout.

A further factor which we have found to be important
in prevénting fibre breakout is the choice of an outer layer
30 resin with an appropriate percentage elongation figure.
Manufacturers such as DSM Desotech measure the percentage
elongation of a resin by Stretbhing a cast film of the resin

to its elastic limit.
A film of the resin of thickness 70 to 80 microns is
35 first formed by curing with a dual D end mercury lamp which
provides 3.5Jcm’? of U.V. radiation at the film surface. Then
the film is stretched in an environment of 22 to 24°C and 50



30 resin with an appropriate percentage elongation _figuré.
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outer’s  1B¥R& &R aﬁﬁﬁ%‘?ﬁleﬁ?‘% p@F%ggﬁgaggel%§?$€%6?0r§Q%eggﬁt ¥ er

resin i s apayed resdn i35apprond maked ys 35t bl @ne enich isnictiible i tes DB 0Es705.
W have fo il th aepen ta or i o O roxi pptely
T80 (such SARGET, S59509%. 31 He T BaVR EGuEy DA P OFpBR HLER 4
avoi d fi bperrentads edlengatiih ofsappreximatedlit 9% | 5eeh ;s Laplielyike
unit. For angdJfgly1g udist wethawgrEQuDEnthat siuexiwiét Std arproih anmivre a
hi gher percentage el gngation |h? r'e%gl red of the outer Igyg[ resin_ than for
a 4-¥9 bre bFe@kor YRATHER FRS LVRRNALIERT B 1B 65PREL PRI St he 15
per cent age el ongafrben dreqd+fEBréonumditf fwe ehavenifourd eshas tquscebe idde

" | o i n accordanc . th the L . oY " :
Bper | enockany e A 2amta e S YR o et ddiC o) 8A%R U 3 SUGIAE o5 ¢
unit of 0. @Remomttesy ldiyerrtmesifrorivanifoo a 4-oiibrd uriitus 10nm woul d- have

a 20 | ongi t udi ' i 1 e U Sie of .l f
(0.93/2)/(10 + (038@?5??539’3#8%4"% T%}ﬁﬂn e'%g%% L ifﬁr‘teg_%rﬁlt%’i‘? Hm\o/
out &S di anpeEcehERgs SLONFAIOR FRAUATSaRRT IGkERTORY| WRhhvaizes is to
longi tudingka2e tnextgeskenrafe( leBoRyatiln* iln Slateordhtid ri%kh 1%n0
Since we have found in practisé that a’jmt e.réa&I’ 0

longitudinal ext-_:e-nsion e;xper:g._e__;_;ce .by the outside of a loop

of a unit. For examp;e a four __fibre unit of 0.93mm outer

diameter formed into a loop of radius' 10mm would have a

20 longitudinal extension at th_é outside of the 1loop of
(0.93/2)/(10 + (0.93/2)) = 0.044
= 4. 4%

While an 8_-fibre-_ unit of 1.3mm outer diameter bent
into a loop of the same radius would have a longitudinal

25 extension of
(1.3/2)/(10 + 1.3/2) = 0.061
: = 6. 1%
30 _ Since we have found in practise that a material of

approximately 35% percez_w'_,tage elongation is satisfactory for
such a 4-fibre unit we can estimate that a percentage
elongation of ' '

35 6.1 x 35 = 48.5%
. 4.4

should be satisfactory for an 8-fibre unit. E



approxi mately 35% percentage el ongation is satisfactory for such a 4-fibre.
unit we can estimate that a percentageé el ongati on of 35 =
48. 5% 4WD ¥MBIF1d be satisfactory for an 8-fibre unit. Vd%‘f?fg%"% |
PCT/ GB92/ 01190 Initial tests carried out with two high percentage

el ongation resins frohnbEihrbedrath Fagréafe QWatWith &S  higheReanenfrge

el ongation of @PhGYETRNe!Aegithd afrdmadSH credyLddle; i RENBAGEE tHATS! ke tkact,
abovi)«may be sufficient to%gvoid 5 fibre breakggt, in,an 8-fibre unit at
2 radius of 10AMPETFRBLERS IS GRERThR T APRECRIAEPLY 68, 4350 RegsyTed by
RCX- 4- 208 h?\éi ﬂﬂep@&ﬂﬁﬁ@fbl eliesgeibeds atfove) amaly 4Ber expificienty. tbn avoid
I ncreasing e rcenta el ongat_i on, of: esjin. f Sg. | he .0 r | ayer
of a hi _g% fi brgfgﬁﬁngr& feut 448 g1 %'Céﬁg%%u‘gﬁnti%%r%aggagﬁgt %ef tr()fi’&‘l ortat®
plropert.:c e;l of the reisgn Elmnghticomnyaeddmsaswene RCXM <208 ERIYI RCX-4SA0S
plots o o] L] ] rfirdgaa'@ge f | hgures
2 and 3 are \Qﬁ‘gé\}r’li%‘ﬁ é?%&%@% ea-neg' o& te%tﬁa‘%tzt %%¥§7§???8F§KF%% ng

into a trial duct 15 In imcyeaking theperrantagrelanaall opf & Fashn for
site, the dUCtuésng.t:gogﬂe“gouﬁg& OVgpe? ldf OBBlREgh #HIKIE € cBunt fQhit (e

carried out using a metre duct wound in 4 |ayers around a 0.5 nmetre
di amet ed0dr um congeguentshngsepfe LpfERe SHFT: R RIWREET 8% the resin

temerature CyphéRgadpsaaRogabd isl Eatnids thisdy pessrebl owability of a
s bei hg. i netal led | Sonepete of hiapebiEiERohetEe ERRaFrese BeRRERrY mf
cogaI f Im(;lj?m egftn_if-Lﬁy:pggshbgh\é\mnuﬂigaﬁaadnf ;aj..ad. 25are ahb?l_mmicnr G‘s.]gmess 7 and
riaejon |5 melrour APEY SRRTRRCEeLL O TeRont g, TRECIE HELEY" atier
Fi gufe .16) to merewenk off &.hmm bbrehduss Isexeatoenerraurfd asrgsakte, the
Cheonst. ® Reraddr SR APBRYER0 R W 06 ha e O PP & 280 o
test carried out using a 300 metre duct wound in 4 layers
around a 0.5 metre diameter drum. _
: . . Figure 9 shows the effects on fibre attenuation of
20 temperature cycling a sample 4-fibre unit. ' '
To achieve good blowability of a fibre package unit
low friction between the unit and the duct into which it is
being installed is required. Figure 10 shows a comparison
. between the _coe'fficient,_ of friction of two units modified
25 with microspheres, a unit modified with mica flakes and an
unmodified unit. The coefficient of friction is measured by
b attaching a yéeight (shown along the x-axis of Figure 10) to
one end of a unit which has been wound around an 85mm
diameter glass tube and applying a known force to the other
30 “end of the unit. Referring to Figure 11 the -coefficient of
friction is calculated from g = (1nT, -1nT,)/2xN. The average
of p for five traversing 'speeds (controlled by T,) for each
weight T, is taken. From Figure 10 it can be seen that the .
coefficient of friction for both the microsphere modified
35 units is lower than for the other two units.
| A further factor which affects blowability is any
enhanced viscous drag provided by modification of the surface



friction is calculated from[err] . The average of [err] for five

traversi ng speeds (controlled by T2) for1 ach weight [err] is taken. From
Fi gWO93BIS12 can be seen that the coefficlent of frictiRAICRIZHBAM ¢ he

m crosphere nodifi-ed 35 units is lower than for the other two units. A
further fagorawingh affegls Faewahki lddy be aeﬁeaaaancwl Méégeyfngra&e
provi ded- by nodi fication_of the surface W03/
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mean size o err can seén a e nodified units ave |
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shown in Figures Agt@adh W esédh gﬁﬂetaa ol FivaeSHatd ahhve 21 fbaRdaRA

rrultlflbre packaging line of the t ed. for, the manufacture of ribbon
cabl es. Sul"f-86C& (ﬁ’gﬁ'a@‘rﬁﬁe% dhe& da1 fH8rh-Heat hway Limited of MIton
Key s . 15 The fh@zeqlpmyesnmhdﬁmaiﬁomsgubéeh el Needed hon the

manuf act ur e t he kages sho ures imted to.the
coating di g’? 51 §& (i"a tefsosnel\ﬁ'%1 %]Gl'r ?‘Téa’f‘ﬂ)ﬁlgh%f'ﬁn%ﬁ?kagipgf ly
descri bed dink odf dhendype UsSeguriord The hmmﬂfact\me)ceﬁsrnghenquabmest S as
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despat ched iﬂm&muf ns are nounted on one nor € pay-of f..
stands froMibtpohKely®esare fed under tension, via individual or conmon U

gui dg wheel s, to dhg éd;ﬁﬂ:m@ﬁ@%ﬁb'&iﬁf&‘aﬁ?éﬁé Ngh25h wes¥Shetuéd) for thbE

fi bres pass down the tower hrough the first pressurised coating system
(4), throuBAnRIRESHREC RF n§h§y§t kq29s ($PPVRaliny FhEREBRENnd atov afpe
systenm), posmiteyd WY OUBE FodtiRgTlidHr plubr Algh aaaeeo8d Fessurissd
coatli.ng Syﬂ&ﬁi%titorﬁr%q%h a s%rface nodi fication zone (7), through
Briefly described with reference to Figure 13, the
20 processing éeque_nce is as follows. The fibres are used’
straight from the drums on which they are despatched by
manufacturers. The drums ‘are mounted on"one or more pay-off
stands from which'-they are fed under tension, via individual
or common guide wheels, to the first pressurised coating
25 system (4). . The fibrés, pass down the tower, through the"
first pressurised coating system (4), through a resin-curing _ -
system (S5) (typically including a UV lamp system), possibly ~
through a size monitor, tﬁhr_ough a second pressurised coating
system (6), through a surface modification zone (7)., through
30 a resin-curing system. (8) (again typically including a UV -
lamp system), possibly through another 'measuring or
inspection unit, and th‘én on, via a capstan, to a drum or pan
winding system, - Typ:.ca.lly the w:.nd:.ng system will be not
part of -the process:.ng tower.
35 - Figure 14 shows the parameters used in the above
process to produce unit 348 and these parameters are typical

- of those used to produce all 4 fibre units,



30 a resm curlng system (8) (agai.n. typi cally including a W | anp

system ssibly through anothér- measuging or inspection unit, .and
t hen onw‘?/?&oés’(%lpstan to a drumor pan winding system Ti§/&H93/01180
wi ndi ng systemw || be not part of the processing tower. 35

Figure 14 shows the [Theameasrisigistice ivhidie iboveedriat essch occs ©dt6 eprBilice
348 and these RYANGRLS Adrdd Al EAched OBRatSEE 40 PIAPEES AL #15LRLE

units, ~ - &
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speci al sjgnificance for al | &.5% fibre counts This coatin
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application of the.resin.2. ,Thi nab &an accur at el entred sfructure 1o
be produced, fggl ﬁ‘?af‘?ﬁbnt fie ai ot Y %rﬁ"f%‘}éﬂf ‘i i§fosuekure
and hence i npr teedbeerdroduced, arﬁhc]ﬂz.tatstm@l [tiktey .- achi'éeenaher oﬁatumgfom

die, which is f u

standard fi breuégatﬂ‘% tt fﬁiq’(gs]a%t %r}lg)ar%%%gegrréﬁ{prrfog'r%#hg pres?{ﬂ’?%%d and
coat i ng 1¥yst eﬁtgbééiftm I owFhe mufiar heagthng AifE,prehiehuds aJSeﬁréomJt'qnhle
15 and a prsﬁﬁmibaeéo&zesw Eﬁ@dout'gierfeéfnaﬁ?éit dige Qnsfcagaahiar €ipr

I nput and a second Iarger die on the fibre outpu The size an ape 0
t he out put di ccorténg reofid &si ze and shape of coating achieved. In the

present enbodi ments V@hér&@rﬁﬂra:i?] Qﬁtefbtrtl%?@x@élsﬁﬁn!s%ﬁ oAl sté)éem
circul ar. 20 Cross sgitlon

thesgcond pr L3 PP sEBLEBYEr ngs H(F)’g%ggiaﬁdl ﬁlf'ﬁ%r?rg (‘j‘ﬁ'g‘ggr)rlr;dl Q’% ?é?éé'cg/ut
has thelfsirst andia lpcmts,s_x.tﬁisémffﬁ:.ﬁaﬁeedZ offhleirgurias al fixrst EhuSoaz the
L e ohn " EEnf PR ALY A8l PHLEoGnl B BB Blucdhie
the inlet-end Bhe sizehanfli sbaper @sfsmhesahtm ddges@stemiz\hechhessuzed dmd
ensure Cgr "CURAPEISL Lo HE I EPed! UHP LHd Brik T bbb Al ridhed % 45
only interested in achieving resin coatings of circular
20 cross-section, so the output die is shaped accordingly. On
the second pressurised coating system the incoming fibre
assembly already has the first resin coat, the buffer layer
2 of Figures 1 to 3. Thus a circular orifice, appropriately
. larger than the buffer layer diameter, is suitable for the
25 inlet-end die on the second coating system.
| It is the inlet-end die of the first pressurised
s - coating system which is used to ensure the registration of
the fibres at the time of coating with the first resin layer.
In the case of the 2-fibre unit, the die throat is elliptical
30 with the major axis of the ellipse approximately twice the
minor axis, and the minor axis being about 10% larger than
the diameter of the optical fibres which are to be packaged.
The die inlet is of circular section and, as is conventional,
flared. To avoid wedr and damage to the fibre and dies, in
35  each die head the two dies should be concentric and
' accurately aligned with the fibre path and each other.



. In the case of the 2-fibre unit, the die throat is elllptlcal W th
th | Is of the ellipse approxur.atﬁy.tvmcethe nd the
m 38@&%‘5&. ng about 10% | arger than the di ameter of r&@@h@é@'&ﬁfl bres
which are to be packaged. The die inlet is of circular section and, as is
conventional, flaFea. the aVﬁn.Hrnepackaded‘ahaghé ccHrdwat idof Etlﬂﬂd:éiléﬁanttn 35
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enmbodi nrents shown i n Fi gures the Surface nodification was

achi eved FB9IuhFRer PAgtRE die ﬁf-ef-‘afrﬁﬁ'eﬁeéft ghendidgrr Rackage i tesihe 3.
The m crosglieeabl gouRiTHrM,f riae is owneonmeﬁ oﬁmet@fehgahé TRl
size 20 ﬁgd lowden5|t¥ S readllﬁgo etofIU|d|§g or aerate-a
mass of thB By emtBeng f'ﬁé’?ﬁ t B¥Be SHERLAR9acF9t B nRULitERLY: LRAGDReNG
resius surfapecﬁfbehmen the second pressuri sed coat| ng system-and the

second resin curlﬂ,g %%gt ﬂﬂbdihe#ﬁ:ts éﬁ% to g.g%um crogphere%lfoﬁ: dhefe

to the wet resin. rocess an O gl
di stributiswedacei cm@ﬂﬁf@r@;mt hUa§urf%R'h3-eo'fed hebpacleslmring i sglass
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been fl uidi sed. This iis done by passing the fluidis
come as a free-flowing powder. ecause of the:.r small size
20 and low density, it is ;ead;.ly possible to fluidise or aerate

a mass of them. By causipg' there to be such an aerated mass
about the wet resin surfa,c_é. 3 between the second pressurised
coating system and the second resin cufing location, it is
possible to get "microsphéres to adhere to the wet resin. To
25 assist this process and to g:.ve a uniform distribution of-
microspheres on the surface of the package, it is preferable
to electrostatically ch_arge the microspheres after they have
 been fluidised. B This is ddne by paSsi-ng the fluidised
microspheres t‘hrough a _convet_xti_qnal electrostatic spray gun
30 operating at 10 - 100 kV before they are directed at the '
fibre package. The clha_rge'd_ x_niér,o_spheres_are attracted to the
fibre package while being mutually repulsive, thus
facilitating a controlled, uniform coverage of the fibre
péckage surface. ' :
35 . | Figure 15 shows an enlarged view in cross-section of
the coating chamber (7) of Figure 13, in which the
electrostatic gun 9 can be seen.



m crospheres through a conventional el ectrostatlc spray gun 30 operating

at 10 efore.they are di rected at_tfie fibre package. The charged
m crospﬁ%i‘?@ attracted to the fibre pac cage  Wwhile beiBf /qﬁﬂztﬁ%'f’g
repul sive, t-hus faC|I|tat|ng a controlled, wuniformcoverage of the fibre

package surface. 35 1In additibn0¥bethl aBEVE-8 efbﬁé&e AL
cross-section tu, g,s ngtal n -._-..-hanber (7{ of Fi %u?e_ 6 V\:ﬁg ﬁba and Q-CEL
el ecifastatic 8 R 888, ' RER) Pt

ui table mcros pheres.
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units. Both units have a buffer |ayer of Cablelite 950
outer |ayer ~of Cabl e‘l‘jrﬁ‘éreQSGsmao‘“ 17713 i eP Bk 8¢ crogquaahsdosp s
SF12) 10were fibeephhidsel emmsﬁﬁtsaﬁé\ye @lmﬂeﬁu&m to@@afﬁle%&*% 8915’0

can be seen to_b i form y:-distr.i but on the o surface of the
outer |ayer. Tﬁ’e nidR siftfn 4 %Qi’éﬁi% rﬂstoro%eres.'m?%

an al t ernati veni arosphesesof m(@:ﬂa}ﬂdﬁs@zmdwave SEi2 pved gogd resudprlied
th thi | at t
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| umps, may of course be used in place of the m crospheres
platel ets. THE-9XRARNSESSbe of glass or of a polymer which will give rise
to low friction of thg fabr&l t@rhatgebned the hLekewINmitikds PRELES 2lve hAVe

exanpl e PTFE partlcl ed 338 %esults with thin platelets of natural mica,

with sizes in the range 40 - 200 pm, which are_sold as
20 -pigments under the tradename "Iriodin* by Merck. Again, wé
have found that the use of electrostatic coating is
advantageous. '
More irregularly shaped non-plate-like particles, i.e.
lumps, may of course be used in place of the microspheres or
25  platelets. The lumps may be of glass or of a2 polymer which
will give rise to low frzction of the fibre unlt against the
s relevant duet material, for example PTFE particles such as
those described in EP-A-0345968 could be used.
It should be noted of course that the m;crbspheres are
30 not, and need not be, perfectly spherical. B
A further alternative is to modify the resin surface
without the addition of particulate matter. By passing the
uncured second resin 3 through a ring of air jets dzrected at
the coating surface we have achieved a significant and useful
35 texturing. Again of course the resin is cured after being
textured. ' '
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rospheres are 30 not, andOneed not be, pgerical .
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di ameter of the re unit St rengt bre unit
sufficient strdfytmaxipun tq‘i'sﬁwfé tensthe F‘é&é&%‘&waﬁeﬁmex oofhethwi ght

per unit |engtleiaird Renfé.bre package nultiplied by the maxi num bl owi ng 15
| ength. The | oad shall not .produce a total strain exceeding 0.25%in the
fib Qs, and shall not cause pernmanent danmage to the conponent parts of the
unit. Therl be sustained for 10 mnutes and the strain of the

fibres nonitor o tar vaI e resi St.rai n e fibres
after the 20 Sﬂt}e sg‘eazl %é“ﬁ?f% 5t 0 ‘{}f

accept abl emfthst;nmiuet rl:ensmﬂtet d.oad eaqthathntTHeo f theewemc_:thth@emormtment
parts of 4l 5 qﬁgpiqﬁ SE

regai n ci r(r:bqugé ty %'ﬁ”'% ggﬁgggg ﬁui{gél?géngpwr apped-and un p%d \by
handi54 codfnath.t ur‘Jﬂ'se fkﬂa@.@ltﬂirﬁalf&fe tohed &traid axmdmg n
diameter. g, 25% in the fibres, and shall not cause permanent damage to

the component parts of the unit. The load shall be sustained
for 10 minutes and the s_tra,i‘r"; of the fibres monitored. The
target value for the residual strain in the fibres after the

20 load is renio_ved is zero. A maximum of 0.05% would be
acceptable for production units.

The fibre and the cox_npone,nt parts' of the package shall
25 not suffer permanent damage and shall regain circularity when"
the package is repeatedly wrapped and unwrapped by hand 4 _
complete turns for 10 complete cycles, around a mandrel 40 mm V
in diameter. '

30 compressgive Stress .
The fibres and the component parts of the package shall
not suffer permanent damage during the application of a
compressive load of S0 Newtons applied between two flat
plates of dimensions 50 mm by 5_0 mm. The plate edges shall
35  have a radius of 3 mm. The load shall be applied for a
period of 60 seconds. '



+

30 Cbnpréssi&e Stress The fibres and the.conponent parts of the package

shall not s per manent damage during thezppplication of
| oad of¥ 9@%ﬁsgn BETH @%ﬁfﬁ

s applied between two flat plates of dinenslo
50 mm The plate edges shall 35  have a radius of 3 mMm The | oad shal
be applied for a peRlsd af dé8tswmedide compaesEd/vE st is applied in which

PCT/ GB92/ 01190 Al t '
comessi ve | 051 SEEHRIH SN FEITARIAE T e o nupkElod ot
a redlilt of thil§ miputer {10 oA s kbt °l§etBF-§k§ﬁs'chthet rfé-l?qq)r@ammoﬁebg

not neet the dipagedl, HANIhS £ibreUnitesidddatbiue 'lﬁléDV&t&ﬂlééé’erﬂgn%e
Tube The fibre unit shall. _be. blown into a 300 30 m |l ength 10 of

BT- appr ov®d 3. t&sfmdesaxihes) aRRAYRt onto reel s of 500 mm barrel dianeter
and 250 to 300 mm between flanges. The installation period for this |ength

shal | not excegg 30!nun3tes using standard BT approved bl owi ng appar at us.
15 Type 2 T t shall be blown into a 1000 [err] 30 mlength of

BT approved 3. Pype [1DTuHe ng installed into a BT-approved route. The
installation period r t | 0Q
rho! eilks LEY! Brallal lndioh &1 CEeS0a 30804 B0 Fengtn

usi ng standard BT-approve OW ng appar at us owi Ng testsgngﬁy
over thd enpepst @%‘W@ td 5 BOCE DFitiykd nghiWaung 7onbagrapdsa Q@ymm

into a 300 netpg bendigh afleter WHA bXE wcsoovmnseebeeﬁ eldhgmso 5 netre

25 dianeter, Iin between 12 mnutes and_ 12 m nutes 40 secan with an

appl i ed pressure of The jens talbatl oRi PR Hed dt GRSt Bl SRR TR m?é%iljasn%s%’ﬁ%%@l

i n EP-B-10859038n¢i hii@e@Utis iMRS staritiedd | PR dapproved- ¥Bawiig Ibpawtmge
installation rate was therefore about 24 nmetres per mnute. 30

is Relieved that the blowability of units accordlng to the present
inventi Qs is | gppevedTude | east when hard
The fibre unit shall be blown into a 1000 * 30 m length

of BT approved 3.5 mm ID tubing installed into a ET-approved
route. ' '
The installation period for this length shall not exceed
20 100 minutes using standard BT-approved blowing apparatus.
These blowing tests apply over the temperature range 0
to +60°C.
Fibre units 347, 348 and 349, blew into a 300 metre
length of 3.5mm bore duct, wound about a drum 0.5 metre
25 diameter, in between 12 minutes and 12 minutes 40 seconds,
with an applied pressure of 7 bar. The blowing head was a
o wheeled head as described in EP-B-108590 and the duct was as
described in EP-A-432171. The average installation rate was
therefore about 24 metres per minute.
30 It is believed that the blowability of units according
" to the present invention is improved, at least when hard
microballs are used, because the microballs are not coated in
the resin of the fibre unit, unlike those made according to
the technique of EP-A-345968. '
35 : Of course units made according to the present invention-
may comprise single-mode fibres or multimode fibres or both

together.



m crobal |l s are used, because the mcroballs are nat. coated in the resin of +

nit e acco ding to the techni que of
EPé%Q@&ég SHIIt“”m Imﬁﬂ@(umte un|t nade accor di ngPEHGBR/188ent
i nvention may corrprlse single-node fibres or nultinode fibres or both
t oget her. W93/ 01512 22 - - MS' PCT/ GB92/ 01190 CLAIMS 1. A
met hod of_ making an optical fibre - 2 i.n  a continuous process, _
the-met hdd coftpr ReEhgd: hef simajsing . an oppscali oﬁihgea—ptuka{:,—et y;gf gmw ng

optical fibregongih , I G rel ti ons
formng a fi rio resrﬁuczggﬁor?esasbo%thﬂt he. hcﬁnb?ﬁpﬁg?‘hﬁgh l:fscaﬁ f| bres
and iii) curi 2) saPgsti s RnP Bﬁﬂ-hﬁ-’fvﬁﬁf |@mqtmtmg1 tficbresplixial ity

of 5noving fibrea predetermite@)spatial relatibﬂs@izfﬁmsm p; t]he mﬁt hod __
ning a.further

bei ng charact se i.tional .ste

resin coati ngf ?i og?‘t}*hhgcur%g‘r@&atw rf 3% %%%‘btl Ehe: Pluraligsy fyi ng
the surface of e&fidovingt bpta.caésf:hbi:és, and - coating;""and then
-- Vi) curing u I £563in as Lo etaln effects of
step v). 2. if? ﬁgﬁ gé 5%2?@ §'|§rt]: ¢ %Iqilirn’! r11"{;1’vﬁts:%'r S Baiptainima 20
first resin coat| n'@h?nas Phurabttymodefus mvzbngtstlfibyeshanihhe g@iign of

saigl further resi rr@p@gi@gshz ﬁ@%é%@ﬁeﬁhg’ E?g.rh@ i%' é 2§th ai m 2
ni

wherein the nodifyi i roduces- no.sl I cant
change in the char trigpa $tﬂ§1‘ resin coating at the |nterface

bet ween t he ifst) stformingf ar tﬂ\ﬁi‘thé’zﬁsrass;ﬁafddggﬁnf “ablufeidipd EL p@Pr ovi RY
the blowability- Of@%kotgé,#ﬁ € fipbre package, the net 05

i ncl udi ng the step 0 j’f 5’"%1 rjeglﬁt Watd gabout the fibre package, .
modi fying the)sur imedd ffingi dthesi surfatengofo sagBeaARuAt oY i sggg@ndr@
cqefficient of th%%@e,a!ﬁldc&égl ng-said resin

vi) curing the said further resin coating so as to
retain effects of step v).

2. A method as claimed in claim 1 wherein the resin of said
20 first resin coating has -a lower modulus of elasticity
than the resin of said further rfesin eoatin’g. ==

3. A method as claimed in claim 1 or claim 2 wherein the
modifying step (v) produces— no significant lasting
25 change in the character.of the further resin coating at
the interface between the first ‘and further resin .
‘coatings. - : 4

4. A method of improving the blowability of an optical
30 fibre package, the method including the step of forming
a resin coating about the fibre package, modifying the
surface of said resin coating to increase the viscous
drag coefficient of the package, and cur:.ng sa:.d resin
coating to retain effects of the modifying step.
35 ‘
5. A method as claimed in any one of claims 1 to 4, wherein
the resin coating whose surface is modified-'is a



coatlngtoretaln eff a ‘ “ ! y|ng step. 35 5. A nethod as clained
in any one of clai ms E\B ! a I“ he resi-n: coating whos S
nodi f i eWO 9304512 mos * 23 . 23 - PCT/ M&%ﬁﬁ
conti nuous coating for med about the entire circunference of the fibre
package. 6. A nmethod as clained in any one of clains 1 to 5 wherein 5

the nodification of coAieinadus soating formedvaboutEhe remtd renzd remmférence

of p r¥icul ate rratte RES| ce. 7. A.ifethod as clainmed in
cl ai %1”6 wherein the 5 %gﬁcgg % P&é&{éea matter ' is applied to the surface

through the use of |ntent|onally applied electrostatic attraction, 8  An
optical fibreg pa KaﬂgtnEﬁr gsblcﬁ‘él'lme'dﬂitnal driy lode JFOBEiShd 101 an|§a§ﬁe99§n

optical fibre, fhe pac aving~ an outer coat of cured

flexi bl e S5resin, thbeSLmGPé\-‘eéléﬂtéaFd eEsitheozespRyi RYFEAER nbEVPLEESpr EBE
to the cure of saidjpeahfiohBe HadiftiGH 0¥ JArAGRRE AW inie @l €6 the resin
significant effect on the character of the underlying resin, effects of the
surface nodificati ohupface. still being detectable. 9. An optical

fi bre package suitable for blow ng, the package conprising at |east one
optical fibre, _.an ipner _coating abaqut ] u r

coating 25 7. %b’BﬁFg gal 23 ﬁ%‘rﬁ%’l’“%‘%%g éig{ﬁ;aﬁgggﬁggr Q‘r té:g{en §i~ :.calate
includingp a si gm:ﬁatﬁer i uapplied dfo paet isourface | ﬁm%hsthe lusesst of

10 [err] across, %ﬂ@gﬁgiéﬁgilw gggaf@%lmﬁ@rhgéré@tg n,

particul ate |ncI usi I gni greater at e outer surtace of

said resin 30 coating than at the inner limt of said resin

coating. 10 Agpackgge ggeelaheckiske! Pavlagdheraln bhownnIAPELLLt6n;

of \the depth sai resin coating is substan |aII free;1

i ncl usi ons of 10 [e‘F@l}‘Pﬁ-ﬁsﬁﬁEe at least opg gptica re, ““the” package
15 having an outer coat of cured flexible resin, the

surface of said resin coat having been modified prior to

the cure of said resin, the modification process having

had no significant effect on the character of the

underlying resin, effects of the surface modificatiqn
20 still being detectable.

9. An optical fibre package suitable for blowing, the
package comprising at least one optical fibre, an inner
coating about said fibre, and an outer resin coating

25 about said inner coating, said outer resin coating
[\ including a significant plurality of particulate
inclusions at least 10 um across, characterised in that
the concentration of said particulate inclusions is
significantly greater at the outer’surface of said resin
30  coating than at the inner limit of said resin coating.

10. A package as claimed in claim 9, wherein the innermost
third of the depth of said resin coating is
substantially free from inclusions of 10 pm or more

35 . across.



WO 93/ 01512 PCT7T @927 01190 * C. L M S 11, A package as

clal L cl & ' ~wherein said pIuréIit ' ate
i h@g&&&h& commﬂHmnﬂlelﬂ spheress45. 12, An Oiﬁcﬁgg?@?}ldgﬁgﬂ package
as claimed in any one of ckains 8 to 11 wherein said resin coat or coating
over at least the inner half of its thickness retains substantially no

ef fect |S ]9}1-[131 hea ppaeRagel el ¢Da§ﬁé@05.nt Rl afilit ]1: acle'rmuijagjncalggnma@eﬁ%ﬁg
optical fibre packa as, ¢l al I n_any,one of clalns to er el n e
oFfect of tne ShidRLuRRMF P F RAPHEOLARE Lo fudt RBe crpBpEiatnarash o
t he thickness micsesghereesn. 15 14. An optical fibre package as clained in
any one of clains 8 to 13 wherein said resin coat or coating is formed over

~an inner coat of a resin having, a |lower nodulus of elasticity, the
i nt & f acelBet v roRtd ¢l nfidPrenaaktags aspclaimed igvany oovengfsghetamstially

free from any g a5 duplydfGa Salla Toisd nSeoaCBrTRdakindl bver At 1éaF%Ckage
as claimed in any one of clains 8 to 14, wherein the package, at 20[err]C
has a m ni umERMABRRF falDHoE its thigknpas.rRtpiNS, SubstAREdaliy W9 ch

fibre breakoutepgsets Sf | ehe t prOcdPIMudédd APadERE1s thledi S fiadec! ai m
15, wherein theqfﬂﬁfkagg. conprises four optical fibres. 30 17. A package as
claimed in any® f 3P 6 to 16, wherein said outer coat or coating

redion has a percentage elongation greater than 30 at 20 degrees Cel sius. 35

18, A Packsoe fi7 SACR b AN puUadY o 1T add In'dny"BERCbE LGiRECka0
8 to 12 wherein the effect of the surface modification
is confined to the outer 25 peréent-. 0f the thickness of \J
said resin. '
15 _
14, An optical fibre package as claimed in any one of claims
8 to 13 wherein said resin coat or coating is formed
over an inner coat of a resin _havihg- a lower modulus of
elasticity, the interface between said inner and outer
20 coats being substantially free from any residual effects

of said surface modification.

15. A package as claimed in any one of claims 8 to 14,
wherein the package, at 20°C, has a minimum bend radius,

25 as herein before defined, at which fibre breakout occurs
' of less than 10mm. | | - \J

16. A package as claimed in claim 15, wherein the package
comprises four optical fibres.

30 _
17. A package as claimed in any one of claims 6 to 186,
wherein said outer coat or coating resin has a
percentage elongation greater than 30 at 20 degrees
_ celsius.
35

18. A package as claimed in any one of claims 6 to 15,
wherein the package comprises eight optical fibres and



PCT/.G3B92/ 01190 said

\(;‘8[:2?/ gggtllzng re3| n f“"lm”‘,ulugmllﬂmlelzgngat| on greater than 35% at

20[ er r We 93/d1512 package s €l at med an y_ of clains 9 P@rﬁén?i/o?f?os |
clainms 12 to 18 as dependent on any one of ains 9 to 11, wherein t
di stribution of particulate inclusion size |s centred apprOX|nater on

ag[ erF] di arrgt erI QQ,l:.df\ @@E&ﬁgeoatlﬁhlgalxl{@ﬁﬁ nhlﬂﬁy #NBePEefit 3LEE e%.é&)gd%@ a2
er gi sai ural i i C i ncl usi‘@ls conpri se m ner
flak 21. A pgckgj"@aé:é c&gﬁr‘fﬁg’rst*n a& %OTTFlG havi v

only four optical
fibres wherein the outer coating resin has a 15 per cent age

el ongation gregf er at eflhg? 2 pt.i cal fi bre package
as clained in any onggggégl as 9&3?.5\13%11% an'i}S n\ﬁ’/no |5g€ Fﬁstaltl"atlllorﬁ’r o
claims 12 to 18 as dependent on any one of claims 9 to
11, wherein the distribution of particulate inclusion

size is centred approximately on 35um diameter,

process.

20. A package as claimed in any one of claims 9 to 19
10 - ~wherein said plurality of particulate inclusions |
comprise mineral flakes.

_. 21. A package as claimed in claim 16, having only four
v optical fibres wherein the outer coating resin has a
15 percentage elongation greater than 15 at 20°.

22. Use of an optical fibre package as claimed in any one of
claims 8 to 21 in a blown fibre installation process.




