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(57) ABSTRACT 

A loW cost, high performance, loW pro?le ?exible reinforce 
ment member that can be used for both optical and copper 
communications cable. The reinforcement members made 
according to the preferred process are more rigid than 
knoWn reinforcement members, but are less rigid than glass 
pultruded rods. Communications cables utilizing these 
members are lightweight and exhibit an improved combi 
nation of strength and ?exibility compared to traditional 
communications cables. Further, these communication 
cables may then be installed into underground ducts using 
more economical and faster installation techniques. 
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LOW COST, HIGH PERFORMANCE FLEXIBLE 
REINFORCEMENT FOR COMMUNICATIONS 

CABLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/246,007, ?led Sep. 18, 2002, 
the contents of Which are hereby incorporated by reference. 

TECHNICAL FIELD AND INDUSTRIAL 
APPLICABILITY OF THE INVENTION 

[0002] The present invention relates generally to rein 
forced communication cables and more speci?cally to loW 
cost, high performance, loW pro?le, ?exible reinforcement 
for communications cables. 

BACKGROUND OF THE INVENTION 

[0003] The market for telecommunications cable and 
related products is in an over capacity state. The large 
number of suppliers of these products has put tremendous 
pressure on the industry to provide communications cable 
With increased performance at loWer costs. 

[0004] Optical communications cables consist essentially 
of a plurality of randomly placed optical communication 
?bers, typically in ribbon form, contained Within a polymer 
jacket. Of course, other types of communications cables can 
have single optical ?bers, bundled optical ?bers, or tight 
buffered optical ?bers. The ?bers are typically tight or loose 
buffered Within a polymer tube contained Within a portion of 
the jacket. One or more loW pro?le ?exible reinforcement 
members and stiff strength members may also be contained 
Within a portion of the polymer jacket outside of the central 
tube or buffer tubes to provide support and prevent kinking 
of the communication ?bers. These reinforcement members 
are applied by being Wrapped helically around the inner core 
prior to outer jacketing (as in optical loose tube cable types) 
or are directly extruded into the jacket matrix (as in tWisted 
copper telephone cable). 
[0005] The loW pro?le ?exible reinforcements for cables 
are made in a Wide variety of methods. Typically, these 
reinforcements are manufactured by ?rst applying a binder 
and siZing containing a ?lm former and oils or coupling 
agents to a glass strand and then applying a relatively heavy 
layer of a Water-based, high molecular Weight polymer latex 
or Wax. The coated strands may then be introduced to the 
communications cables by knoWn methods. 

[0006] These coatings may impart many important prop 
erties to the loW pro?le ?exible reinforcements both during 
manufacture and after introduction to the cable. For 
example, these coatings prevent abrasion of the glass ?bers 
during the combination With the reinforcement and during 
deployment. Also, these coatings prevent adhesion of the 
reinforcing ?bers to the polymer jacket. These coatings may 
also impart adhesion if desired to the polymer jacket, for 
example, as is the case With polyvinyl chloride (PVC) 
jacketed communications cables. Additionally, these coat 
ings can be super absorbent and can thus prevent Water 
seepage from damaging the optical ?bers. 

[0007] One problem With presently available reinforce 
ments is that they are relatively expensive to manufacture. 
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For example, a relatively heavy layer of high molecular 
Weight polymer latex or Wax must be applied to the ?bers in 
order to impart the mechanical properties necessary for 
optical and copper telecommunications cables. Also, these 
high molecular Weight polymers have extremely high melt 
viscosities. Further, air can be trapped Within the interstices 
of the ?bers themselves after the introduction of the high 
molecular Weight polymers, Which can lead to premature 
degradation of the ?bers and strand de?ciencies. Also, 
because Water-based high molecular Weight coatings are 
typically used, a high-energy Water-removal step is required 
before the ?ber reinforcements can be introduced into the 
cabling. These Water-based coatings, typically in emulsion 
form, are expensive as Well. 

SUMMARY OF THE INVENTION 

[0008] A loW cost, high performance, loW pro?le ?exible 
reinforcement member is provided that can be used for both 
optical and copper communications cables. The reinforce 
ment members made according to the preferred process are 
more rigid than glass reinforcement members made accord 
ing to the prior art as described above, but are less rigid than 
glass pultruded rods as described in US. Pat. No. 4,781,432 
to Zongor et al. Communications cables utiliZing these 
members are lightWeight and exhibit an improved combi 
nation of strength and ?exibility compared to traditional 
communications cables. Further, these communication 
cables may then be installed into underground ducts using 
more economical and faster installation techniques such as 
bloWing-in installation. 

[0009] The member is made by ?rst melting and then 
applying a loW molecular Weight, loW melt viscosity ther 
moplastic material, such as modi?ed or unmodi?ed poly 
ethylene or Wax, to ?ber material. 

[0010] This Wax material is air cooled prior to the intro 
duction of a second layer of nonWater-based high molecular 
Weight (“MW”) polymer, such as ethylene acrylic acid 
(EAA), that is applied to the strand in an extruder or similar 
device. The high molecular Weight polymer surrounds the 
strands, but does not penetrate. The high MW polymer is 
tough, but ?exible, and gives the strand mechanical prop 
erties for use in cable systems. The overall amount of high 
MW polymer applied to the strand is less than is present in 
cables of the prior art. 

[0011] A high MW polymer topcoat is applied via a die 
box having at least one slotted, tapered die to remove excess 
topcoat from the coated strand. After the strand passes 
through the slotted, tapered die, it maintains a ?at con?gu 
ration. The ?at reinforcement member has several advan 
tages When installed in a cable. It can cover signi?cantly 
more of the outer cable core thereby providing enhanced 
reinforcement properties, i.e., preventing adhesion of the 
underlying optical ?bers, buffer tubes containing optical 
?ber, or other cable core components to the polymer jacket. 
The ?at reinforcement member also reduces the overall 
cable diameter Which, in turn, reduces the amount of jack 
eting compound required to coat the exterior of the cable. 

[0012] Other objects and advantages of the present inven 
tion Will become apparent upon considering the folloWing 
detailed description and appended claims, and upon refer 
ence to the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross-sectional vieW of a loW pro?le 
?exible reinforcement member according to a preferred 
embodiment of the present invention; 

[0014] FIG. 2 is a cross-sectional vieW of a loW pro?le 
?exible reinforcement member according to a preferred 
embodiment of the present invention; 

[0015] FIG. 3 is a cross-sectional vieW of a loW pro?le 
?exible reinforcement member according to a preferred 
embodiment of the present invention; 

[0016] FIG. 4 illustrates an assembly line used for making 
the loW pro?le ?exible reinforcement member according to 
FIG. 1-3; 

[0017] FIGS. 5-6 illustrate communications cables having 
the loW pro?le ?exible reinforcement members of FIGS. 
1-3. 

[0018] FIG. 7 illustrates a graph comparing glass transi 
tion temperatures of traditional coated reinforcements With 
?exible coated reinforcements of the present invention. 

[0019] FIG. 8 illustrates the die box used for making the 
loW pro?le ?exible reinforcement member according to 
FIGS. 1-3. 

[0020] FIG. 9 illustrates the ?at tapered die used for 
making the loW pro?le ?exible reinforcement member 
according to FIGS. 1-3. 

[0021] FIG. 10 illustrates an assembly line used for mak 
ing the loW pro?le ?exible reinforcement member using a 
topcoat die box as the topcoat application device. 

[0022] FIG. 11 illustrates a crosshead die used for making 
the loW pro?le ?exible reinforcement according to FIGS. 
1-3. 

DETAILED DESCRIPTION AND PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0023] The present invention relates to a neW loW pro?le 
?exible reinforcement member that may be used in telecom 
munication cables such as optical cables or copper cables. 
FIGS. 1-3 beloW illustrate three preferred embodiments of 
the loW pro?le ?exible reinforcement member. 

[0024] FIG. 1 illustrates a cross-sectional vieW of the loW 
pro?le ?exible reinforcement member 308 according to a 
preferred embodiment of the present invention. The member 
308 is comprised of a strand having a plurality of single 
?laments 32 of glass ?bers saturated With a primary saturant 
36 and coated With a higher molecular Weight polymer 
topcoat 38. 

[0025] Referring noW to FIG. 2, another preferred 
embodiment shoWs the member 308 having a plurality of 
strand bundles 34 replacing the individual ?laments 32. 
Also, FIG. 3 depicts the member 308 as having a combi 
nation of both ?laments 32 and bundles 34. Again, in both 
FIGS. 2 and 3, the ?bers that comprise the ?laments 32 
and/or bundles are saturated With the primary saturant 36 
and coated With the topcoat 38. 

[0026] The ?laments 32 and bundles 34 that may be used 
include E-type glass ?bers or ECR-type glass ?bers such as 
Advantex® type glass ?bers, both available from OWens 
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Coming. Additionally, other ?brous materials can be used 
such as: Dupont de Nemours Kevlar® aramid or Teijin 
TWaron® aramid; Toyobo Zylon® poly(p-phenylene-2,6 
benZobisoxaZole)(PBO); carbon ?bers such as Hercules 
polyacrylonitrile Magnamite carbon ?bers; high silica glass 
such as S-2 Glass®, Zentron®, Vetron® or other high 
strength glass from Advanced Glass Yarns (Aiken, SC.) or 
other glass manufacturers; high tenacity, linear, high 
molecular Weight polyethylene Spectra® ?ber from Honey 
Well Performance Fibers (Colonial Heights, Va.); or other 
high modulus reinforcements. The term “high modulus” is 
de?ned as the modulus of elasticity, also knoWn as Young’s 
Modulus, Which is a coef?cient of elasticity representing the 
ratio of stress to strain as a material is deformed under 
dynamic load. It is the measure of softness or stiffness of a 
material. In the case of “high modulus” reinforcements, the 
values for the stress to strain ratio Will typically exceed 30 
GPa. For the above examples, the typical elastic modulus of 
each are as folloWs: E-Glass=72 GPa; aramid=124 GPa 
(depending on aramid type); PBO=280 GPa; carbon ?bers= 
228 GPa; S-2 Glass® ?ber=90 GPa; lineariZed polyethylene 
?ber=113 GPa. 

[0027] The ?ber material can be a glass strand or bundle, 
or combination of strand and bundle that penetrates the 
interstices Within and betWeen the ?bers. These glass ?bers 
are preferably siZed With one of OWens Corning’s siZing 
compositions prior to introduction Within the member 308. 
Preferably OWens corning siZing 158B, 111A or 366 is used; 
hoWever, other epoxy/silane, vinylester, polyester, or starch/ 
oil type siZings available from many manufacturers may also 
be used. The ?laments 32 are preferably ?lamentiZed strands 
and are approximately 11-26 microns in diameter. The 
bundles 34 preferably comprise ?laments of approximately 
13 microns in diameter, With approximately 1000-2000 
?laments per bundle 34 and have a linear density of approxi 
mately 200-4800 grams/kilometer. 

[0028] The saturant 36 ?lls in the interstices betWeen the 
strands 32 and/or bundles 34 and comprises about 01-35 
percent, and more preferably about 15 percent, of the total 
Weight of the member 308. The saturant 36 also ?lls the 
voids Within the ?laments 32 and/or bundles 34 caused by 
abrasions and or defects in the manufacturing process. In 
this Way, the saturant 36 functions to loWer the amount of air 
that is typically trapped betWeen the ?laments 32 and 
bundles. The saturant also loWers the amount of air that may 
be trapped Within the bundles 34. The saturant 36 also 
prevents ?lament 32 de?ciencies such as ?ber-?ber abra 
sion, Water penetration, and can increase the strength of the 
?laments 32. In these Ways, the saturant 36 increases the 
strength of the member 308. 

[0029] Preferably, the saturant 36 comprises a loW 
molecular Weight mineral Wax having melting points under 
approximately 300 degrees Celsius, preferably less than 150 
degrees Celsius and most preferably betWeen about 100 and 
about 120 degrees Celsius and melt viscosities of less than 
approximately 1000 centipoise (cps), preferably less than 
500 centipoise, that alloW easy saturation into the ?ber 
strands 32 or bundle 34. One preferable mineral Wax is a 
microcrystalline Wax such as Witco Chemical’s MultiWax, 
Which has a melting point of approximately 70-80 degrees 
Celsius (160-170 degrees Fahrenheit) and a melt viscosity of 
approximately 50-100 cps. Other examples of mineral 
Waxes that may also be used include polyalphaole?n Waxes, 
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such as Baker Petrolite Vybar 260, and polyethylene Waxes, 
such as Baker Petrolite PolyWax 100. Additionally, modi?ed 
polyethylenes and polypropylenes may also be used, such as 
Eastman Chemicals Epolene E-15 and E-43 oxidized poly 
ethylene or Epolene G-3015 maleated polypropylene. 

[0030] The high molecular Weight polymer topcoat 38 
surrounds the saturant 36, but does not penetrate Within the 
saturant 36 to the ?laments 32 and bundle 34. The topcoat 
38 comprises approximately 01-35 percent, preferably 
betWeen about 5 and about 20 percent and more preferably 
betWeen about 10 and about 15 percent, of the total Weight 
of the member 308. The topcoat 38 is tough, but ?exible, and 
gives the member 308 its mechanical properties. The topcoat 
38 is a higher modulus coating that changes the character 
istics of the member 308. The topcoat 28 offers polyethylene 
adhesion and stiffens the member 308. Table 1 shoWs the 
polyethylene adhesion of individual glass strands according 
to ASTM D1871, Test Method #53. If Water sWellable 
topcoats are used, the member 308 could provide additional 
Water protection capabilities. 

TABLE 1 

Polyethylene Adhesion Individual Strand Pull-Outs lbf[0.5 in 

DHM DHM 712/ 
Wax + 712 + EAA 

Wax EAA DHM 712 EAA 70:30 
Only Topcoat Only Topcoat Blend 

1 21.9 54.9 24.7 58.9 65.5 
2 31.5 56.0 32.3 60.5 19.1 
3 33.1 70.5 41.3 51.5 62.3 
4 32.5 63.1 52.8 50.9 53.1 
5 38 8 64.6 40.3 70.1 13.7 
6 27.1 55.8 39.1 48.4 85.6 
7 28.1 74.1 49.3 48.2 32.9 
8 14.4 61.1 21.4 68.6 40.9 
9 29.3 91.5 32.5 66.1 41.5 

10 18.1 68.1 37.4 61.0 70.8 
11 27.7 46.6 43.1 61.3 70.5 
12 26.9 68.3 32.9 68.2 28.7 
13 22.5 68.6 39.5 61.8 75.0 
14 26.6 64.5 31.8 57.2 74.8 

Average 27.0 64.8 37.0 59.5 52.5 
Std. Dev. 6.3 10.6 8.6 7.4 23.0 

C.I. 4 7 6 5 16 
Upper 31 72 43 65 68 
LoWer 23 58 31 54 37 

Test Was strand pull out from polyethylene plaques. RaW data recorded in 
pounds of force per 0.5 inch imbedded strand. Polyethylene Was cable 
jacketing grade, black compounded. Pulls done at room temperature. Test 
method used: ASTM D1871 Adhesion of Glass to PVC; Test Method #53. 

[0031] One preferred topcoat 38 is an ethylene acrylic acid 
(EAA) polymer such as DoW Chemical’s Primacor 5986 or 
59901 ethylene acrylic acid resin, Which is useful if adhesion 
to a polyethylene jacket is required. Other polymers that 
may comprise the topcoat 38 include polyethylene (PE) or 
polypropylene (PP) polymers, or copolymers of PE and PP, 
available from manufacturers such as DoW Chemical, Shell, 
and Basell. Still further preferable topcoats 38 include 
ethylene vinyl acetate (EVA) copolymers, styrene-butadi 
ene-styrene (SBS), polybutadiene terephthlate polyether 
glycol (PBT-PEG), polyamide or many other polyole?ns and 
thermoplastic elastomers available from manufacturers such 
as Henkel, GLS and E. I. Du Pont de Nemours. Of course, 
as one skilled in the art Would appreciate, the ultimate choice 
of topcoats 38 is dependent upon the end use of the com 
munications cable having the reinforcement member 308. 
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[0032] FIG. 4 illustrates the process for making the mem 
bers 308 of FIGS. 1-3. The process begins by unrolling the 
?bers 50 from a reel 52. The ?bers 50 represent ?laments 32, 
bundles 34, or a combination of ?laments 32 and bundles as 
depicted in FIGS. 1-3. The ?bers 50 are introduced to an 
application device 54, here a heated immersion bath 54 that 
holds the saturant 36. The bath 54 is maintained betWeen 
approximately 90-100 degrees Celsius (200-210 degrees 
Fahrenheit) such that the primary saturant 36 has a viscosity 
of approximately 50-100 cps. 

[0033] The coated ?bers 50 exit the bath 54 and are 
introduced to a stripper die 56 to strip back the excess 
saturant 36 and to help impregnate the ?bers 50. The coated 
?bers 56 are then introduced to an applicator 58 containing 
the topcoat 38. One suitable applicator is a Nordson hot melt 
applicator coupled to a Nordson extruder. The topcoat 38 
enters the applicator 58 through an ori?ce (not shoWn) For 
DoW Primacor 59901, Which has a melt point index of 1300 
grams per 10 minutes, the material is heated to approxi 
mately 125 degrees Celsius (257 degrees Fahrenheit) as it 
enters the extruder 62 and applied to the ?bers 50. The ?bers 
50 exit the applicator 58 and enter a second stripper die 60 
having inner dimensions of 2.20 mm2><0.50 mm2 and an 
area of 1.10 mm2 to form the loW pro?le shape. The second 
stripper die 60 removes excess topcoat 38 and smoothes the 
outer surface of the topcoat 38. The topcoat is then cooled 
to form the loW pro?le reinforcement member 308. 

[0034] In an alternative embodiment, an extruder 62 using 
a crosshead die or similar applicator apparatus may be 
topcoat 38 to the coated ?bers 50. 

[0035] Various applicators 58 and extruders 62 are avail 
able from suppliers such as Nordson and selection of such 
apparatus based upon throughput and required temperature 
Would be Well understood by one of ordinary skill in the art. 

[0036] FIG. 8 illustrates an alternative embodiment illus 
trating die box 602 Which is used With an extruder 626 or 
other hot melt delivery device to introduce topcoat to the 
coated ?bers 608. Fibers 608 enter the die box 602 through 
entrance die 606 after passing through stripper die 56, as 
discussed above (see FIG. 4). 

[0037] In the alternative, entrance die 606 may not be used 
and the coated ?bers 608 pass through an opening (not 
shoWn) in the die box 602 Where topcoat is applied. Fibers 
608 then pass through exit die 610 Which removes excess 
topcoat, smoothes the outer surface of the topcoat. The 
topcoat is then cooled to form the reinforcement member 
308. 

[0038] Although standard dies may be used With the die 
box it is preferable to use a slotted, tapered, die. 

[0039] FIG. 9 illustrates slotted, tapered die 610, Which is 
used to guide the coated ?bers 608 through the die box (as 
shoWn in FIG. 8) as topcoat is applied. As shoWn in FIG. 
9, die 610 has a passageWay 616 having an entrance 614 and 
exit 612 through Which the coated ?ber (not shoWn) passes. 
Typically the entrance 614 and exit 612 are “cupped” (not 
shoWn) to provide a smooth surface for the ?ber to pass over 
as it enters and exits the die. The passageWay 616 is tapered 
on all sides from the entrance 614 to the exit 612. Preferably, 
the degree of taper is from about 4% to about 6%. The die 
610 has inner dimensions of 2.20 mm2><0.50 mm2 and an 
area of 1.15 mm2 to form the loW pro?le shape. As the 
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coated ?ber moves through the die 610 excess topcoat is 
removed. Passing the coated ?bers over the tapered die 
forces the topcoat to intimately bond With the strand and 
gradually transitions the strand and topcoat to conform to a 
predominately ?at con?guration. 

[0040] As shoWn in FIG. 9, entrance 614 of the die 610 
has larger dimensions than exit 612. Further, the dimensions 
of the entrance and exits of the entrance die 606 are greater 
than the dimensions of the entrance and exits of the exit die 
604 (FIG. 8). The variance in dimensions serves to guide the 
coated ?bers through the die box 602. Die 610“pre-shapes” 
or shapes the strand to an intermediary con?guration align 
ing it prior to entering the exit die 604. 

[0041] The slotted, tapered die is typically formed from 
stainless steel but may be made of any conventional material 
used in the art. The passageWay 616 may contain an insert 
(not shoWn) made of a durable material to reduce Wear of the 
die. The insert is typically constructed of tungsten carbide, 
ceramic, diamond, stainless steel or any conventional mate 
rial used in the art. 

[0042] FIG. 10 illustrates process for making the rein 
forcement members using an extruder and die box to apply 
the topcoat. The coated ?bers 618 exit the bath 620 and are 
introduced to a stripper die 622. The coated ?bers 618 are 
then introduced to topcoat applicator die box 624 containing 
the topcoat. The topcoat is introduced to die box 624 via 
extruder 626. The coated ?bers 618 enter the die box 624 
through slotted, tapered entrance die 628, topcoat is applied 
and the coated ?bers 618 and the ?bers 618 exit the die box 
through tapered, slotted exit die 610. The topcoat is then 
cooled to form the reinforcement member 308. 

[0043] In the alternative and as shoWn in FIG. 11, a 
crosshead die 610 may be used to apply topcoat to the coated 
?bers. Coated ?bers 632 are fed into the die 636 through a 
guide-tip 634. In order to maintain concentricity, the clear 
ance betWeen the coated ?bers 632 and the tip 634 is 
minimal. As the coated ?bers 632 are fed through the tip 
634, topcoat Within the crosshead die 610 is maintained 
under pressure as it ?oWs around the coated ?bers 632 (the 
?oW of the topcoat is designated by arroWs). The ?bers 632 
exit the die box through die 636. The topcoat is then cooled 
to form the reinforcement member. The function of the tip 
634 inside a crosshead die tool is to align the member to be 
coated. Die 638 (inside the crosshead die 610) serves to 
bring the coating material uniformly around the coated ?bers 
632 and gradually narroWs in diameter to the ?nal desired 
dimensions. By changing the relative location of the tip to 
the die, one can change the force by Which the topcoat 
polymer is applied onto the substrate. Moving the tip further 
aWay from the die decreases pressure of the coating material 
onto the coated ?bers. Whereas, moving the tip closer to the 
die increases pressure of the coating material onto the coated 
?bers. Other polymers, in addition to those mentioned 
above, that can be used With a crosshead die include 
polycarbonate (PC), acrylonitrile-butadiene-styrene terpoly 
mer (ABS), and blends knoWn as PC-ABS. 

[0044] Various dies and tips may be used With the cross 
head dies as knoWn in the art, such as those manufactured by 
GENCA, A division of PN Tech LLC (ClearWater, Fla.) and 
Gill Corporation (West Warwick, RI.) If it is preferable to 
manufacture a ?at product, as described above, ?at tips and 
dies may be used With the crosshead die. 
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[0045] The loW pro?le ?exible reinforcement members 
308 of FIGS. 1-3 are then available to be inserted into a 
communications cable by knoWn techniques FIGS. 5-6 
illustrate possible types of communications cables utiliZing 
these loW pro?le ?exible reinforcement members 308. Each 
is described beloW. 

[0046] FIGS. 5-6 illustrate a 48-?ber “Dry Cable” struc 
ture 300 according to six preferred embodiments of the 
present invention. Each of these structures 300 having the 
loW pro?le ?exible reinforcement member 308 or 130 offers 
increased strength and ?exibility as compared to structures 
With traditional reinforcement members. 

[0047] As shoWn in FIG. 5, the structure 300 comprises a 
gel-?lled loose tube 302 having an optical ?ber ribbon 304. 
The loose tube 302 is surrounded by the loW pro?le ?exible 
reinforcement member 308 and covered With a high-density 
polyethylene (“HDPE”) sheath 306. Also shoWn is a 
strength member 308, Which could in this case be made by 
either the present invention or by conventional thermoset 
ting processes. 

[0048] In FIG. 6, the optical ?ber ribbon 304 is replaced 
With a plurality of optical ?ber bundles 312 contained Within 
the gel ?lled loose tube 302. 

[0049] The present invention offers many advantages over 
the prior art. Because the cable structures 300 having these 
reinforcement members 308 are lighter than communica 
tions cables having traditional glass reinforcement members, 
installation of these cables Within ducts in underground 
cable systems using knoWn installation techniques such as 
bloWing-in installation is possible, in Which compressed air 
is used to install the cables Within underground ducts. As one 
of skill in the art appreciates, the use of bloWing-in instal 
lation is a cheaper, less time consuming, and gentler process 
for installing communication cables versus traditional instal 
lation techniques that utiliZe a Winch and gripper to physi 
cally pull the cable through and into a duct. 

[0050] Further, because these structures 300 are more 
?exible than communication cable structures requiring glass 
pultruded rods for strength, these structures 300 are more 
readily inserted around bends or corners in the ducts. Also, 
because the reinforcement members 308 are stronger and 
have more rigidity or antibuckling properties than traditional 
loW pro?le ?exible reinforcement members, attenuation of 
the optical ?bers is prevented due cable shrinkage or expan 
sion during daily or seasonal thermal cycling. Bunching or 
jamming of the communication cables during installation is 
also prevented due to the ability to engineer the right amount 
of cable rigidity to prevent these installation problems. 

[0051] FIG. 7 is a comparative graph depicting glass 
transition temperatures of traditional coated reinforcements 
and the ?exible coated reinforcements of the present inven 
tion. In particular, the glass transition temperature of tradi 
tional glass ?bers coated With latex and acrylic Wax is shoWn 
in comparison to glass transition temperatures of glass ?bers 
coated With a loW molecular Weight mineral Wax and an 
ethylene acrylic acid topcoat and glass ?bers coated 
With a loW molecular Weight mineral Wax and ethylene vinyl 
acetate (EVA) topcoat. 

[0052] As can be seen in FIG. 7, the standard thermoset 
CR745A loW pro?le ?exible reinforcement has a glass 
transition temperature, Tg, of 30.96°. Tg is the temperature 
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Where an amorphous polymer transitions from a brittle, 
vitreous material to a more pliable, more ?exible, softer 
material. In contrast to the standard reinforcement, the tWo 
thermoplastic-coated reinforcements have Tg’s that are 
about 86° and 91° C., respectively. The higher Tg alloWs for 
a processable and more loW pro?le ?exible reinforcement at 
the cable’s upper range of the usual operating range of —40° 
to +80° C. In contrast the polymer transitions to a stiff matrix 
at the loWer temperature range. Being able to control Tg by 
selective choice of thermoplastic materials or blends of such 
materials and appropriate modi?ers alloWs for the reinforce 
ment to be customiZed to precisely meet the cable’s perfor 
mance requirements. As the reinforcement transitions from 
a ?exible to a rigid member, the cable is protected from 
shrinkage from the polyethylene or other jacketing material 
as the cable experiences temperature cycles. Uncontrolled 
shrinkage can cause optical ?ber signal attenuation or cata 
strophic optical ?ber breakage. 

[0053] While the invention has been described in terms of 
preferred embodiments, it Will be understood, of course, that 
the invention is not limited thereto since modi?cations may 
be made by those skilled in the art, particularly in light of the 
foregoing teachings. 

What is claimed is: 
1. A loW pro?le loW pro?le ?exible reinforcement mem 

ber for a communications cable comprising: 

a plurality of high modulus ?bers; 

a primary saturant coupled to said plurality of high 
modulus ?bers, said primary saturant having a melting 
point beloW approximately 300 degrees Celsius and a 
melt viscosity of less than approximately 1000 centi 
poise; 

a higher molecular Weight polymer topcoat coupled to 
said primary saturant; Wherein said reinforcement 
member is a loW pro?le reinforcement. 

2. The loW pro?le ?exible reinforcement member of claim 
1, Wherein said primary saturant has a melting point betWeen 
about 100 to about 150 degrees Celsius and a melt viscosity 
of less than 500 centipoise. 

3. The loW pro?le ?exible reinforcement member of claim 
1, Wherein said plurality of high modulus ?bers comprises a 
plurality of siZed high modulus ?bers selected from the 
group consisting of a plurality of siZed or unsiZed aramid 
?bers and a plurality of siZed or unsiZed poly(p-phenylene 
2,6-benZobisoxaZole) (PBO) ?bers and a plurality of siZed 
or unsiZed carbon ?bers and a plurality of siZed or unsiZed 
high silica glass and siZed or unsiZed high tenacity, linear 
iZed polyethylene ?ber. 

4. The loW pro?le ?exible reinforcement member of claim 
1, Wherein said plurality of high modulus ?bers comprises a 
plurality of glass ?ber strands. 

5. The loW pro?le ?exible reinforcement member of claim 
4, Wherein said plurality of glass ?ber strands comprises at 
least one glass ?ber bundle, each of said at least one glass 
?ber bundle comprising a plurality of glass ?ber ?laments. 

6. The loW pro?le ?exible reinforcement member of claim 
2, Wherein said plurality of glass ?ber strands comprises a 
plurality of glass ?ber ?laments and at least one glass ?ber 
bundle, each of said at least one glass ?ber bundle compris 
ing a plurality of glass ?ber ?laments. 
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7. The loW pro?le ?exible reinforcement member of claim 
1, Wherein said primary saturant comprises a loW molecular 
Weight mineral Wax. 

8. The loW pro?le ?exible reinforcement member of claim 
7, Wherein said loW molecular Weight mineral Wax is 
selected from the group consisting of a loW molecular 
Weight microcrystalline Wax, a loW molecular Weight poly 
alphaole?n Wax, a loW molecular Weight polyethylene Wax, 
or a modi?ed (oxidiZed or maleated) polyole?n such as 
polyethylene or polypropylene, and blends thereof. 

9. The loW pro?le ?exible reinforcement member of claim 
1, Wherein said primary saturant comprises a blend of a loW 
molecular Weight microcrystalline Wax and a styrene buta 
diene rubber, Wherein said blend is betWeen approximately 
0.1 and 99.9 percent by Weight of said loW molecular Weight 
microcrystalline Wax and betWeen approximately 0.1 and 
99.9 percent by Weight of said styrene butadiene rubber. 

10. The loW pro?le ?exible reinforcement of claim 9, 
Wherein said blend comprises a 50/50 by Weight blend of 
said loW molecular Weight microcrystalline Wax and said 
styrene butadiene rubber. 

11. The loW pro?le ?exible reinforcement member of 
claim 4, Wherein said plurality of glass ?ber strands com 
prises a plurality of siZed glass ?ber strands selected from 
the group consisting of a plurality of siZed or unsiZed E-type 
glass ?ber strands and a plurality of siZed or unsiZed 
ECR-type glass ?bers. 

12. The loW pro?le ?exible reinforcement member of 
claim 1, Wherein said primary saturant comprises approxi 
mately 0.1 and 35 percent of the total Weight of said loW 
pro?le ?exible reinforcement member and Wherein said high 
molecular Weight polymer topcoat comprises betWeen 
approximately 0.1 and 35 percent of the total Weight of said 
loW pro?le ?exible reinforcement member. 

13. The loW pro?le ?exible reinforcement member of 
claim 12, Wherein said primary saturant comprises approxi 
mately 5 and 20 percent of the total Weight of said loW 
pro?le ?exible reinforcement member and Wherein said high 
molecular Weight polymer topcoat comprises betWeen 
approximately 5 and 20 percent of the total Weight of said 
loW pro?le ?exible reinforcement member. 

14. The loW pro?le ?exible reinforcement member of 
claim 12, Wherein said primary saturant comprises approxi 
mately 10 and 15 percent of the total Weight of said loW 
pro?le ?exible reinforcement member and Wherein said high 
molecular Weight polymer topcoat comprises betWeen 
approximately 10 and 15 percent of the total Weight of said 
loW pro?le ?exible reinforcement member. 

15. The loW pro?le ?exible reinforcement member of 
claim 1, Wherein said high molecular Weight polymer top 
coat is selected from the group consisting of a high molecu 
lar Weight polyethylene topcoat, a high molecular Weight 
polypropylene topcoat, a high molecular Weight ethylene 
acrylic acid topcoat, a high molecular Weight polypropylene 
and polyethylene copolymer topcoat, an ethylene vinyl 
acetate copolymer topcoat, a styrene-butadiene-styrene top 
coat, a polybutadiene terephthlate polyether glycol topcoat, 
polyamide, polyole?ns and thermoplastic elastomers, and 
blends thereof. 

16. The loW pro?le ?exible reinforcement of claim 15, 
Wherein the glass transition temperature (Tg) of said loW 
pro?le ?exible reinforcement is greater than about 40° C. 
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17. The loW pro?le ?exible reinforcement member of 
claim 15 Wherein the adhesion of glass to polyethylene is 
greater than about 46 pounds of force per 0.5 inches of 
embedded strand. 

18. The loW pro?le ?exible reinforcement member of 
claim 1, Wherein said high molecular Weight polymer top 
coat comprises an ethylene acrylic acid polymer topcoat. 

19. Amethod for forming a loW pro?le ?exible reinforce 
ment member for use in a communications cable, the method 
comprising the steps of: 

a) introducing a loW molecular Weight primary saturant to 
a ?rst application device; 

b) melting said loW molecular Weight primary saturant 
Within said ?rst application device at a temperature 
suf?cient to maintain said loW molecular Weight pri 
mary saturant at a viscosity of less than about 1000 
centipoise; 

c) introducing said ?ber material to said ?rst application 
device to coat said loW molecular Weight primary 
saturant onto said ?ber material to form a coated 

member; 
d) removing said coated member from said ?rst applica 

tion device; 

e) introducing said coated member to a ?rst stripper die to 
remove an excess of said loW molecular Weight primary 
saturant from said ?ber material; 

f) introducing said coated member to a high molecular 
Weight topcoat material contained Within a second 
application device to form a topcoated member; 

g) removing said topcoated member from said second 
application device; 

h) introducing said topcoated member to a second stripper 
die to remove an excess of said high molecular Weight 
topcoat material from said topcoated member; and 

i) cooling said topcoated member to form the loW pro?le 
?exible reinforcement member, Wherein the Weight of 
said loW molecular Weight primary saturant on said 
?ber material comprises betWeen 10 and 35 percent of 
the loW pro?le ?exible reinforcement member and 
Wherein the Weight of said high molecular topcoat 
material comprises betWeen approximately 1 and 25 
percent of the loW pro?le ?exible reinforcement mem 
ber. 

20. The method of claim 19, Wherein said step of intro 
ducing said coated member to a high molecular Weight 
topcoat material contained Within second application device 
includes introducing said coated member to a die box. 
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21. The method of claim 20, Wherein said Wherein said 
step of introducing said coated member to a high molecular 
Weight topcoat material contained Within second application 
device includes introducing said coated member to said 
second ?at, slotted stripper die located Within said die box. 

22. The method of claim 19, further comprising the step 
of introducing said coated member to a ?at, slotted entrance 
die prior to introducing said coated member to a high 
molecular Weight topcoat material. 

23. The method of claim 19, Wherein introducing a loW 
molecular Weight primary saturant to a ?rst application 
device and introducing said coated member to a high 
molecular Weight topcoated member contained Within a 
second application device comprises: 

introducing a loW molecular Weight primary saturant to 
?rst application device, said primary saturant compris 
ing a loW molecular Weight mineral Wax selected from 
the group consisting of a loW molecular Weight micro 
crystalline Wax, a loW molecular Weight polyalphaole 
?n Wax, a loW molecular Weight polyethylene Wax, a 
loW molecular Weight polyethylene Wax, a loW molecu 
lar Weight maleated polypropylene polymer and blends 
thereof; and 

introducing said coated member to a high molecular 
Weight topcoat material contained Within second appli 
cation device to form a topcoated member, said high 
molecular Weight topcoated material selected from the 
group consisting of a high molecular Weight polyeth 
ylene topcoat, a high molecular Weight polypropylene 
topcoat, a high molecular Weight ethylene acrylic acid 
topcoat, a high molecular Weight polypropylene and 
polyethylene copolymer topcoat, an ethylene vinyl 
acetate copolymer topcoat, a styrene-butadiene-styrene 
topcoat, polyamide topcoat and a polybutadiene tereph 
thlate polyether glycol topcoat and blends thereof. 

24. The loW pro?le ?exible reinforcement member of 

claim 1, Wherein said reinforcement member has a cross 
section de?ned by an x-axis and a y-axis Wherein the 
length along the x-axis is substantially greater than the 
length along the y-axis. 

25. The method of claim 19, Wherein said step of intro 
ducing said topcoated member to a second slotted, tapered 
stripper die includes introducing said topcoated member to 
a slotted, tapered stripper die comprising a passageWay 
having and entrance and an exit that is tapered on all sides, 
from the entrance to exit, at a degree from about 4% to about 
6%. 


