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Armored ?ber optic assemblies are disclosed that include a 
dielectric armor along With methods for manufacturing the 
same. The dielectric armor has an armor pro?le, thereby 
resembling conventional metal armored cable to the craft. 
The dielectric armor provides additional crush and impact 
resistance and the like for the optical ?bers and/or ?ber optic 
assembly therein. The dielectric armor is advantageous to the 
craft since it provides the desired mechanical performance 
Without requiring the time and expense of grounding like 
conventional metal armored cables. Additionally, the 
armored ?ber optic assemblies can have any suitable ?ame 
and/or smoke rating for meeting the requirements of the 
intended space. 
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ARMORED FIBER OPTIC ASSEMBLIES AND 
METHODS OF MAKING THE SAME 

BACKGROUND 

[0001] 1. Field ofthe Disclosure 
[0002] The present invention relates generally to optical 
?ber assemblies, and in particular relates to armored ?ber 
optic assemblies having a dielectric armor along With meth 
ods of making the same. 
[0003] 2. Technical Background 
[0004] Conventional ?ber optic cables include optical 
?bers that conduct light for transmitting voice, video and/or 
data. The construction of ?ber optic cables should preserve 
optical performance When deployed in the intended environ 
ment While also meeting the other additional requirements for 
the environment. For instance, indoor cables for riser and/or 
plenum spaces may require certain ?ame-retardant ratings to 
meet the demands of the space. In other Words, these ?ame 
retardant ratings are addition to mechanical requirements or 
desired characteristics for the space. Mechanical require 
ments or characteristics such as crush performance, permis 
sible bend radii, temperature performance, or the like are 
desired to inhibit undesirable optical attenuation or impaired 
performance during installation and/or operation Within the 
space. In addition to the mentioned requirements riser and/or 
plenum spaces may require a ruggediZed design for meeting 
the demands of the space. 
[0005] By Way of example, some indoor applications use a 
?ber optic cable disposed Within an armor layer for providing 
improved crush performance in riser and/or plenum spaces. 
For instance, conventional armored constructions have a ?ber 
optic cable disposed Within a metallic interlocking armor for 
creating a robust construction. Speci?cally, one type of Well 
knoWn metallic interlocking armor is a “BX armor” or a 
“Type AC” cable. This metal armor is spiral Wound about the 
?ber optic cable so that the edges of the adjacent Wraps of 
armor mechanically interlock, thereby forming a robust 
armor layer that also acts as a bend limiting feature for the 
assembly. HoWever, there are disadvantages for this conven 
tional interlocking armor construction. For instance, ?ber 
optic cables having a metallic armor require additional hard 
Ware and/ or installation procedures for grounding the metal 
lic armor to meet safety standards, thereby making installa 
tion time-consuming and expensive. 
[0006] FIG. 1 shoWs several prior art examples of interlock 
ing armored cables 10 having a metallic armor layer 12 (typi 
cally aluminum) that serves to protect and preserve optical 
performance of cables 14 therein. Since metallic armor layer 
12 is conductive it must be grounded to comply With the 
National Electrical Code (NFPA 120) safety standard. This 
adds to the complexity and expense of installing a metal 
arrnored ?ber optic cable. Additionally, the metallic armor 
can be plastically deformed (i.e., permanently deformed) 
Which can pinch the cable and cause elevated levels of optical 
attenuation. Nevertheless, the market and craft prefer the 
design and handling of this rugged cabling. 
[0007] Manufacturers have attempted to design dielectric 
armor cables to overcome the draWbacks of the conventional 
metallic armor constructions, but to date a commercial solu 
tion is lacking. For instance, US. Pat. No. 7,064,276 dis 
closes a dielectric armor cable having tWo synthetic resin 
layers Where the hard resin layer has continuous spiral groove 
cut completely through the hard resin layer along the length of 
the armor. The hard resin layer is intended for bend control by 
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having adjoining edge portions of the spiral groove abut at the 
desired minimum bend radius. HoWever, one skilled in the art 
Would recogniZe this design does not provide the craft With all 
of the desired features. Moreover, it can be dif?cult for the 
craft to recogniZe the cable of the ’276 patent as an armored 
cable layered because it has a smooth outer surface, Whereas 
conventional metal armored cables are easily identi?ed by the 
craft as depicted by FIG. 1. 
[0008] Therefore, there is a need in the art for an armored 
?ber optic cable With superior mechanical properties that 
does not require grounding as With metallic interlocking 
armor, but that also resembles the metallic, interlocking 
armored cables While providing robust characteristics. 

SUMMARY 

[0009] The disclosure is directed to armored ?ber optic 
assemblies having a dielectric armor along With methods for 
manufacturing the same. The dielectric armor can have an 
armor pro?le, thereby resembling conventional metal 
armored cable to the craft. Moreover, the dielectric armor 
provides additional crush and impact resistance to the optical 
?bers and/or ?ber optic assembly therein. The dielectric 
armor is also advantageous to the craft since it provides the 
desired mechanical performance Without requiring the time 
and expense of grounding like conventional metal armored 
cables. Additionally, armored ?ber optic assemblies can have 
any suitable ?ame and/ or smoke rating for meeting the 
requirements of the intended space; hoWever, the assemblies 
may have outdoor applications or indoor/outdoor applica 
tions. 

[0010] It is to be understood that both the foregoing general 
description and the folloWing detailed description present 
embodiments of the invention, and are intended to provide an 
overvieW or frameWork for understanding the nature and 
character of the invention as it is claimed. The accompanying 
draWings are included to provide further understanding of the 
invention, and are incorporated into and constitute a part of 
this speci?cation. The draWings illustrate the various example 
embodiments of the invention and, together With the descrip 
tion, serve to explain the principals and operations of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a perspective vieW of three different prior 
art interlocking armor cables and illustrates the characteristic 
helical shape of the metal, interlocking armor layer; 
[0012] FIG. 2A is a side cut-aWay vieW ofa ?rst example 
embodiment of an armored ?ber optic assembly having a 
dielectric armor according to the present invention; 
[0013] FIG. 2B is a side cut-aWay vieW ofa second example 
embodiment of an armored ?ber optic assembly having a 
dielectric armor according to the present invention; 
[0014] FIG. 3A is a cross-section of the armored ?ber optic 
assembly of FIG. 2A taken along the line 3A-3A; 
[0015] FIG. 3B is a cross-section of the armored ?ber optic 
assembly of FIG. 2B taken along the line 3B-3B; 
[0016] FIG. 3C is a cross-section similar to FIGS. 3A and 
3B, but generically depicts a ?ber optic assembly disposed 
Within a dielectric armor in order to shoW a radius RC of the 
?ber optic assembly and an inner radius R, of the dielectric 
armor; 
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[0017] FIG. 4 is a schematic diagram of an example 
embodiment of an armored ?ber optic assembly formed in a 
bend radius (i.e., a loop); 
[0018] FIG. 5A is an enlarged perspective vieW and FIG. 
5B is a close-up vieW of the armored ?ber optic assembly of 
FIG. 2A showing a partial longitudinal cross-section of the 
dielectric armor superimposed on a grid for reference of the 
shapes of the layers; 
[0019] FIG. 6A is an enlarged vieW of a portion of the 
dielectric armor of FIG. 5B further shoWing various dimen 
sions associated thereWith; 
[0020] FIG. 6B is an enlarged perspective vieW of a portion 
of a generic armored pro?le shoWing the geometry of used for 
?nite-element modeling of the dielectric armor; 
[0021] FIG. 7 is a plot of the true stress (Pa) vs. the true 
strain (%) for tWo different representative rigid materials and 
a representative non-rigid material that are suitable for use as 
a portion of the dielectric armor; 
[0022] FIG. 8A is a table of design parameters determined 
by ?nite-element modeling at tWo different minimum strain 
levels for the non-rigid material shoWn in the true stress vs. 
true strain graph of FIG. 7; 
[0023] FIGS. 8B through 8E respectively set forth tables of 
design parameters determined by ?nite-element modeling at 
different minimum strain levels for tWo different rigid mate 
rials shoWn in the true stress vs. true strain graph of FIG. 7; 
[0024] FIGS. 9A and 9B are plots of the data in FIG. 8A 
depicting the dielectric armor band thickness (T1) vs. the 
groove-length to pitch ratio (2L2/ P) for the non-rigid material 
With the tWo different minimum strain levels on the same plot; 

[0025] FIGS. 9C and 9D are plots of the data in FIGS. 8B 
and 8C depicting the dielectric armor band thickness (T1) vs. 
the groove-length to pitch ratio (2L2/P) for the ?rst rigid 
material for tWo different strain levels on respective plots; 
[0026] FIGS. 9E and 9E are plots of the data in FIGS. 8D 
and 8E depicting the dielectric armor band thickness (T1) vs. 
the groove-length to pitch ratio (2L2/P) for the second rigid 
material for tWo different strain levels on respective plots; 
[0027] FIG. 10A is a perspective vieW of another embodi 
ment of an armored ?ber optic assembly having an inner and 
outer layer; 
[0028] FIG. 10B is a perspective vieW of yet another 
embodiment of an armored ?ber optic assembly; 
[0029] FIG. 10C is a perspective vieW of the inner layer of 
the dielectric armor of FIG. 10B still another embodiment of 
an armored ?ber optic assembly; 
[0030] FIG. 10D is a perspective vieW of still another 
embodiment of an armored ?ber optic assembly; 
[0031] FIG. 11 is a schematic diagram of an explanatory 
extrusion system for making dielectric armor; 
[0032] FIG. 12 is a schematic cross-sectional vieW of the 
crosshead of the extrusion system of FIG. 11; 
[0033] FIG. 13 is a schematic side vieW illustrating another 
method of forming the dielectric armor; 
[0034] FIG. 14 is a partial, cross-sectional vieW of another 
explanatory example of a crosshead Wherein the pro?ling 
feature is Within the crosshead die; 
[0035] FIG. 15 is a side vieW of an example extrusion 
system Wherein the pro?ling feature is located external to the 
crosshead and impresses the pro?le into the dielectric armor; 
[0036] FIG. 16 is a perspective vieW of an example roller 
type deforming member that is used to impress the armor 
pro?le into the dielectric armor; and 
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[0037] FIG. 17 is a front vieW illustrating the use of tWo 
roller-type deforming members to impress the armor pro?le 
into the dielectric armor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Reference is noW made in detail to the present pre 
ferred embodiments of the invention, examples of Which are 
illustrated in the accompanying draWings. Whenever pos 
sible, identical or similar reference numerals are used 
throughout the draWings to refer to identical or similar parts. 
It should be understood that the embodiments disclosed 
herein are merely examples With each one incorporating cer 
tain bene?ts of the present invention. Various modi?cations 
and alterations may be made to the folloWing examples Within 
the scope of the present invention, and aspects of the different 
examples may be mixed in different Ways to achieve yet 
further examples. Accordingly, the true scope of the invention 
is to be understood from the entirety of the present disclosure 
in vieW of, but not limited to the embodiments described 
herein. 
[0039] FIGS. 2A and 2B depict side cut-aWay vieWs of tWo 
different armored ?ber optic assemblies 20 having at least one 
optical ?ber 40 disposed Within a dielectric armor 120. 
Dielectric armor 120 is non-conductive and has an outer 

surface (not numbered) that includes an armor pro?le (not 
numbered) and in this embodiment is generally formed in a 
spiral manner along a longitudinal axis. As used herein, armor 
pro?le means that the outer surface has an undulating surface 
along its length that looks similar to the conventional metal 
armor (i.e., a undulating shape along the length of the armor). 
Dielectric armor 120 includes one or more layers such as an 

inner layer 72 and an outer layer 74, but other constructions 
are possible. For instance, dielectric armor 120 may consist of 
a single layer such as inner layer 72. Preferably, inner layer 72 
is a rigid material and outer layer 74 is a non-rigid material; 
hoWever, it is possible to use a non-rigid material for inner 
layer 72 and have the rigid material as outer layer 74. As used 
herein, “rigid material” means the material has a Shore D 
hardness of about 65 or greater and “non-rigid material” 
means the material has a Shore D hardness of about 60 or less. 
The dielectric armor 120 is advantageous since it provides 
crush resistance, meets the desired ?ame or smoke rating, 
and/or other desirable characteristics, but does not require 
grounding like conventional metal armor. For instance, 
armored ?ber optic cables can have a diametral de?ection of 
3.3 millimeters or less during a crush resistance test as dis 
cussed beloW. 
[0040] FIG. 2A depicts a dielectric armor 120 having mul 
tiple layers With the armor pro?le formed essentially in the 
inner layer 72 (i.e., the rigid layer) and the outer layer 74 (i.e., 
the non-rigid material) having an essentially uniform thick 
ness over inner layer 72. Another embodiment of dielectric 
armor 120 is constructed by eliminating outer layer 74. As 
shoWn, a ?ber optic assembly 30 is housed Within dielectric 
armor 120. In this embodiment, ?ber optic assembly 30 is a 
?ber optic cable that includes a cable jacket. HoWever, ?ber 
optic assemblies of other embodiments can have other con 
structions and/ or structures such as assemblies that eliminate 
the cable jacket. By Way of example, the ?ber optic assembly 
may be a stranded tube cable, monotube cable, micromodule 
cable, slotted core cable, loose ?bers, tube assemblies, or the 
like. Additionally, the ?ber optic assemblies can include any 
suitable components such as Water-blocking or Water-sWell 


















