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[57] ABSTRACT 

The present invention is directed to a heat shrink clad core 
optical conduit and to an optical conduit having either a 
thermoplastic. thermoset or liquid. light transmitting core 
surrounded by. preferably a ?uoropolyrner cladding which is 
in turn surrounded by a tight-?tting. ?nish polymer jacket 
which may be either transparent or translucent. and is 
preferably made of a polyvinyl chloride. polycarbonate. 
acrylic or silicone material. Numerous ?llers and inserts 
may be used in the ?nish jacket polymer and the ?nish jacket 
polymer may be formed into various shapes. Bendable 
jacket materials may be used. The preferred method of 
forming the manufacturing jacket around a heat shrinkable 
?uoropolymer cladding is by extruding a low extrusion 
temperature polymer over a heat shrink clad in its expanded 
form into which an increased interior pressure is maintained 
to prevent shrinkage during the extrusion process. The 
preferred method of forming the ?nish jacket around a base 
clad core material is by an extrusion process where the ?nish 
jacket material is extruded over a heat shrink type ?uo 
ropolymer clad. in its expanded form. cured thermoset core 
thereby simultaneously shrinking the clad 

45 Claims, 5 Drawing Sheets 
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ll/[ETHODS OF MANUFACTURE OF 
IMPROVED LINEAR OPTICAL CONDUITS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

[This is a divisional of copending application Ser. No. 
07/446.0ll. ?led Dec. 13. 1989. now U.S. Pat. No. 5.067. 
831. which was a continuation-in-part of Ser. No. 07/304. 
417. ?led Jan. 30. 1989. now U.S. Pat. No. 4.957.347.]This 
application is a continuation of application Ser. No. 08/493, 
256, ?led on Jun. 21, 1995, now abandoned, which is a 
reissue application of Ser. No. 07/789,610, ?led Nov. 6, 
1991, and issued as U.S. Pat. No. 5,221,387, which is a 
divisional application of Ser: No. 07/446,011, ?led Dec. 13, 
1989, and issued as U.S. Pat. No. 5,067,831, which is a 
continuation-in-part application of Ser: No. 07/304,417, 
?led on Jan. 30, 1989, and issued as U.S. Pat. No. 4,957, 
347. 

FIELD OF THE INVENTION 

The present invention relates to improved clad optical 
conduits. systems and methods of production therefor. 

Improved optical conduit and methods of manufacture of 
the present invention include cylindrical light emitting con 
duits which emit light from their outer circumferential 
surface in a more optically e?icient manner. with a greater 
light intensity and in a more uniform manner than previously 
known. Optical e?iciency refers to the ratio of light output 
to light input for a given tube length and cross section. 
The present invention includes clad optical conduits in 

which a glass. liquid or polymeric core having a relatively 
high refractive index is surrounded by a cladding of a 
relatively low refractive index and a gap therebetween is 
minimized. 
The present invention also relates to improved optical 

light forms. systems and methods of manufacture. and 
speci?cally to single or multiple linear illumination optical 
conduits having a light transmitting core and a ?uoropoly 
mer cladding which are tightly jacketed with a sheathing of 
transparent or translucent material such as acrylic. 
polycarbonate. polyvinyl chloride or silicone polymer. 
The improved optical conduit and system of the present 

invention incorporate many of the attributes of the com 
monly used linear light forms such as neon. ?uorescent. tube 
lighting and conventional thermoset. thermoplastic and liq 
uid core optical conduit. while eliminating or greatly reduc 
ing many of the problems associated with those linear light 
forms. The present invention is suitable for virtually all 
currently known uses of these conventional linear light 
forms. The improved thermoset. thermoplastic or liquid core 
linear light forms of the present invention provides numer 
ous advantages as will hereinafter be described in detail. 

Conventional linear light forms within the ?eld of the 
invention may be classi?ed into two general types. The ?rst 
type of linear lighting forms are the true linear lights. i.e.. 
those in which the source of the light is contained within the 
light form envelope. Examples of linear lights include neon 
lights. ?uorescent and cold cathode lights. re?ective ?uo 
rescent lights and tube lighting. The second type of linear 
light forms are the optical conduits. i.e.. those in which the 
source of illumination is external to the envelope. so that the 
optical conduit functions to conduct and transmit the light 
generated by an external source. Examples of linear optical 
conduit include thermoplastic or thermoset core optical 
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2 
conduit having ?uoropolymer cladding. liquid core optical 
conduit and the improved optical conduit of the present 
invention. Although preferred embodiments of the present 
invention are directed to thermoset core optical conduit(s). 
the principles of the present invention also may be used in 
conjunction with thermoplastic core and liquid core optical 
conduit(s). 
The methods of manufacture of each of the conventional 

linear light forms differ from light form to light form. as is 
well known. 
The preferred method of manufacturing the optical con 

duit of the present invention includes tightly extruding a 
?nish jacket material upon the heat shrunk ?uoropolymer 
clad. cured thermoset or thermoplastic core. Other methods 
of tightly jacketing the optical conduit are available. The 
method of manufacture of the present invention provides 
advantages as will be hereinafter described in detail. 

STATE OF THE ART 

Linear light forms have been known for many years and 
are widely accepted as practical lighting products for such 
uses as sign letters; outlining on buildings; decorative art 
forms; pool and spa perimeter and underwater ?ghting; 
warning signals; aisle lighting; fountain ?ghting; special 
effects; landscape lighting; and general illumination. 
The term linear light form as used herein refers to both 

conventional linear light forms and to the linear light conduit 
(s) of the present invention in that these light forms have 
their greatest dimension in length. and thus appear typically 
as a line. or some other shape having a length dimension 
greater than a width. height. or diameter dimension. Well 
known examples of conventional forms include neon signs. 
?uorescent types. tube lighting. and Eska brand and 
Lumenyte brand optical conduit(s). 

Generally. the term optical conduit as used in this speci 
?cation refers to the fact that the conduit includes a core 
which is sheathed with a cladding and the composition of the 
core and cladding conduct. or transmit. light or electromag 
netic energy ranging from the infrared through the visible to 
and including the ultraviolet region of the electromagnetic 
spectrum by the principal of “Total Internal Re?ection”. as 
is well known to those skilled in this art. 

Optical conduits are commonly referred to as “?ber 
optics” or "optical ?bers”. Fiber optics encompass three 
distinctly different types of functions. namely; 
telecommunications. coherencies and illumination. Tele 
communication ?ber optics are used in telephone commu 
nication to transmit light from a source to a remote point. 
Coherent functions involve transmission of a visible image 
along a bundle of ?exible ?ber optic conduits to a remote 
point by grouping a multiplicity of individual optical ?bers 
in such a manner that the placement of the ?bers relative one 
to the others. at the remote point of sight reception is exactly 
that of the placement of the ends of the ?bers relative one to 
the others at the source point of the image of the object 
which is being transmitted. 

Both telecommunication and coherent ?ber optics are 
considered point lights. and emission of light out of the sides 
of the optical conduit is to be avoided. 

Illumination ?ber optics have two separate functions of 
illumination: one being “point lighting”. i.e.. where the 
primary function of the ?ber optic is to provide a means of 
conducting the light from a light source to a remote point 
and emitting the light from the end. and other being “linear 
lighting”. i.e.. wherein the primary function of the ?ber optic 
is to provide a means of conducting light from a light source 
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linearly along the length of the ?ber optic and emitting the 
light from the sides of the ?ber optic. 
The present invention is directed to illumination ?ber 

optics. and in particular. to the linear lighting function. 
In order to better understand the nature of. and improve 

ments to the state of the art resulting from the present 
invention. a short description of known linear light forms 
and the associated problems are set forth below: 

Neon Lights 

Neon lights have been in existence for many years and are 
presently widely used and accepted as practical lighting 
products. They are used primarily as a decorative art form. 
for back lighting sign letters. for outlining buildings. and for 
other creative uses. 

Neon is fabricated from glass which has been extruded by 
conventional glass extrusion techniques into tubular shapes 
of various diameters and are typically limited to standard 
lengths. The glass tubing. after evacuation. is filled with a 
gas. typically neon. During operation. the gas is activated by 
electrical current. which excites the gas to then produce light 
in a well known manner. 

The tubes used in neon lights are typically made of one of 
two types of glass: either “soft glass” which is also known 
as soda lime. or hard glass which is known as PyrexTM glass. 
The soft glass can be bent when the glass reaches a tem 
perature of about 300° C. The harder glass requires a 
temperature of about 600° to 800° C. to achieve a softness 
whereby it can be bent. 
The known maximum commercially available length of 

neon lights is about 60 to 72 feet. However. because of 
difficulty associated with handling these lengths of glass 
tubing. neon fabricators generally prefer neon light tubing 
not to exceed 8 feet in length for one person installation 
purposes and generally not to exceed 12 foot lengths for two 
person installation purposes. 
Neon linear lighting has been widely used mainly because 

of four of its attributes: it appears to have an aura. or “glow” 
emanating radially outwardly from its interior and along its 
length. is very bright. can exhibit a variety of colors and can 
be formed into various linear shapes. 

There are a number of problems associated with neon 
lighting products. however. Neon lighting forms are easily 
broken because the gas is contained within a glass envelope; 
they must be fabricated at one location and installed in a 
remote location; they require a relatively high degree of skill 
in their fabrication; they require a relatively great amount of 
energy to operate; they cannot change color because the light 
emitted from the glass tubes are ?xed by the choice of the 
glass color used and the gas used inside of the tubes; they are 
dangerous to use because of the relatively high voltage 
required to excite the gas inside the tube and continue 
production of light; because of the relatively high energy 
requirements. they are relatively costly to operate; over the 
long term. they are additionally relatively costly due to high 
maintenance costs and relatively high replacement costs due 
to breakage and gas leakage; they cannot be mounted to a 
surface. such as a wall of a building; they must have 
“standolfs'” to hold them away from the supporting. or 
backing sln'face. such as a wall; due to the power require 
ments of neon lights. special electrical raceways must be 
used to carry wiring from the power source to the neon light; 
neon has had very limited use in residential applications 
because of the relatively high voltage required; because of 
the associated electrical hazards. neon cannot be used under 
water or in explosive environments; repair of neon lighting 
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products in the ?eld is relatively di?icult; as a practical 
matter. the maximum length between electrodes of neon 
tubing is about 8 to 12 feet; and they expose humans to risk 
of serious injury because of broken glass and the associated 
electrical hazards. 

Fluorescent Cold Cathode Lights 

Conventional cold cathode linear lights are approximately 
one inch in diameter. halophosphorous coated. lead glass 
tubes which are made by baking the coated tubes with heavy 
duty. coated. right-angle electrodes embedded therein. Cold 
cathode linear lights are similar in appearance to ?uorescent 
lighting; however. cold cathode linear lights are low voltage 
and ?uorescent linear lights are high voltage. The color 
choices of cold cathode and ?uorescent linear lights are 
similar to neon and. as with neon. are ?xed with respect to 
a given light. The gases used inside of the envelope are neon 
or argon with a mercury amalgam. 

Numerous problems are also associated with the use and 
manufacture of ?uorescent and cold cathode linear lights. 
First. they require very expensive equipment to produce. 
Second. because of the expense and complexity of the 
fabrication equipment. ?uorescent and cold cathode lights 
cannot be fabricated at a job site or even in a small shop. 
such as neon lighting can be fabricated. Third. fluorescent 
and cold cathode lights must be purchased in prefabricated 
shapes. thus limiting their versatility. Fourth. cold cathode 
lighting presently costs about twice what neon lights cost. 
Fifth. cold cathode lighting products are limited to maxi 
mum lengths of about 96 inches. Sixth. ?uorescent and 
cathode lights do not have the aura that neon lighting has. 
Fluorescent light is used normally as functional illumina 
tion. Cold cathode light is used normally as accent or 
decorative illumination. 

Re?ective Fluorescent (Black Lighting) Lights 

Re?ective ?uorescent lighting. also commonly known as 
“black lighting” is a tube or red made of plastic which glows 
when exposed to ultraviolet light frequencies. Through 
conventional extrusion techniques. the rods or tubes can be 
formed into desired cross-sectional shapes. 

Colors vary depending upon the chemical composition of 
the ?uorescing materials used. and are ?xed with respect to 
any chemicals chosen. 

There are several limitations associated with black 
lighting. some of which are listed here. Black lighting must 
be put into a dark enclosure and exposed to an ultraviolet 
light source to be seen as a light; it does not have an aura. 
such as that of neon lighting; and it cannot be used to 
back-light letters or other shapes because it relies upon 
re?ected light for its effect. 

Tube Lighting 

Tube lighting is a pseudo linear light form. Although at a 
distance it can give the appearance of a continuous light. 
tube lighting actually comprises a length of clear glass or 
plastic tube which contains a series of evenly spaced lights 
inside the tube. Tube lighting is made by wiring together 
lights in a desired length to form a strand and then inserting 
the strand into a glass or plastic tube. The ends of the wires 
are terminated with an appropriate connector. 

Tube lighting has a unique quality of emitting a “starry” 
appearance. It can be made ?exible or rigid. depending upon 
the tubing material into which the strands of lights are 
placed. 
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Color can be varied by coloring either the lights or the 
tubing. Once set. however. the color is ?xed. 
Some of the problems with tube lighting are that the lights 

and wires used in the strands are very susceptible to damage 
at joints made between couplings; and changing individual 
light bulbs is impossible in many instances. and at best is 
very di?icult to perform. 

Thermoplastic Optical Conduits 

Thermoplastic optical conduits are plastic rods usually 
made of acrylic. styrene or polycarbonate polymer. These 
optical rods are usually made in diameters of 'fath inch or 
less. Although acrylic polymer is very brittle. the relatively 
small diameters used allows an appearance of ?exibility. The 
rods transmit light from one end to the other when illumi 
nated from an external light source and exhibit a small 
amount of light leakage radially outward along their length. 
Individual thermoplastic optical ?bers are commercially 
available and are made by extrusion. Typically. a number of 
lengths of ?nished thermoplastic optical ?bers are gathered 
into a bundle and placed inside of a hollow tube to yield a 
?nished thermoplastic optical ?ber. Color variation is estab 
lished by means of ?ltering the light at the light source. 

There are a number of problems associated with thermo 
plastic optical ?ber. both individually and when grouped 
together and placed inside of a hollow tube. Some of them 
are: thermoplastic ?bers have a relatively low melting point 
and thus can be used only with relatively low-intensity light 
sources; because the light source input is relatively limited. 
the intensity of light emitted from the individual thermo 
plastic ?bers as well as the aggregate light emitted from 
?bers bundled inside of a tube is also very limited in 
comparison to other optical light forms; because the light 
emitted from the tube is in reality emitted from a number of 
individual strands of ?ber within the tube. the overall effect 
of the light emission from the tube does not have the even. 
uniform look as do some other linear light forms; the 
individual strands within the tube produce a number of 
shadows and are a unique contribution to its visual non 
uniformity; and thermoplastic optical conduit has no aura. as 
does neon. 

Thermoset Optical Conduits 

Thermoset optical conduits differ from thermoplastic 
optical conduits primarily in the nature of the chemical 
bonding of the polymers used. They are relatively high 
temperature resistant. ?exible. mono?lament solid core ?ber 
optics around which is placed a ?uoropolymer cladding of 
about 0.007 to about 0.030 inches in thickness. Transmitted 
light typically is conducted through an optic and emitted at 
the end opposite the light source and/or emitted radially 
along its length. Thermoset optical conduits have been 
known to have been inserted into relatively loose ?tting 
transparent or translucent tubes, similar to the method of 
displaying thermoplastic ?ber optics. Various linear lighting 
conduits of this general type and their method of manufac 
ture are described in US. Pat. No. 3.641.332 to Frank Reick 
et al; US. Pat. No. 5.122.580 and other such conduits which 
are commercially available from Lurnenyte International 
Corporation and others. 

Conventional. commercially available and as described 
herein thermoset mono?lament optical conduit may be made 
with a manufacturing jacket of polyethylene or similar 
thermoplastic as a structural mold within which the thermo 
setting monomer and the ?uoropolymer clad tubing are 
placed prior to polymerizing the monomer mixture. After 
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6 
polymerization. the manufacturing jacket is removed. the 
resulting product is a linear. thermoset. mono?lament opti 
cal conduit having a heat shrunk cladding. 
The clad core (heat shrink or non heat shrink type) is 

relatively transparent and when illuminated produces a 
side-light effect somewhat similar to that of a neon light. 
except that it does not have the characteristic aura associated 
with a neon light. It is noted that the ?nish jacket of the 
present invention is diiferent from and should not be con 
fused with the conventional manufacturing jacket. 

Thermoset optical conduit also has a number of associated 
problems. For example. thermoset optical conduit will not 
hold its shape when bent. The cladding carries a static charge 
which attracts dust. etc. Thermoset optical conduit is rela 
tively soft and easily scratched in comparison to glass. When 
inserted into transparent of translucent tubes. uneven light 
emissions occur. the tubing can cause crimping when bent 
and it is relatively costly to insert the optical conduit in such 
tubing. Although thermoset optical conduit can be spliced. 
there is weakness in the cladding at the splice and “hot 
spots” of light also result at the splice locations. Thermoset 
optical conduit is relatively di?icult to splice by solvent 
welding. the typical splicing technique. because of extreme 
di?iculties with solvent welding of PEP Te?on® cladding. 
the most commonly used type of ?uoropolymer used to clad 
the core material. Thermoset optical conduit has bend-radius 
limitations which make it relatively di?'icult to shape into 
letters or other forms without kinking and without disturbing 
the quality of light emitted. particularly at the sharper bends. 
Ultraviolet radiation. such as from exposure to the sun. 
causes hardening of the core polymer. thus reducing. and in 
extreme cases. eliminating its ?exibility. Illuminated ther 
moset mono?lament optical conduit appears to be relatively 
transparent and. in some applications. is not desirable. It is 
relatively di?icult to attach thermoset optical conduit to 
other materials because its cladding surface is made of PEP 
Te?on® or an equivalent material. Thermoset optical con 
duit has no aura analogous to that of neon lighting. When 
water or other ?uids penetrate the clad or enter the conduit 
at either end between the clad and the core. light transmis 
sion along the conduit is radically altered. and in most 
instances is severely degraded. In order to protect or enhance 
its optical or environmental qualities. thermoset optical 
conduit cannot. as a practical matter. be made with inclusion 
of chemical or physical ?llers either in the core or in the clad 
material because the index of refraction of these materials 
would then be altered and may increase attenuation of light 
transmitted through the conduit. Methods of mounting ther 
moset optical ?bers are relatively expensive and unattractive 
because the cladding material cannot easily or economically 
be made with projections to aid in mounting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a section of a conven 
tional clad. optical conduit assembly prior to polymeriza 
tion. 

FIG. 2 is a cross-sectional view of a section of a conven 
tional clad. optical conduit assembly after polymerization 
and removal of the manufacturing jacket. 

FIG. 3 is a cross-sectional view of the FIG. 2 clad. optical 
conduit taken along line 3-3. 

FIG. 4 is a cross-sectional view of a section of a clad. 
optical conduit assembly of the present invention prior to 
polymerization. 

FIG. 5 is a cross-sectional view of a section of a clad. 
optical conduit assembly of the present invention after 
polymerization. but prior to application of heat. 
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FIG. 6 is a cross-sectional view of a section of a clad. 
optical conduit of the present invention after polymerization. 
after removal of the manufacturing jacket and after appli 
cation of heat to shrink the heat shrinkable ?uoropolymer 
cladding. 

FIG. 7 is a cross-sectional view of the FIG. 6 clad. optical 
conduit taken along line 7-—7. 

FIG. 8 is a photograph showing a cross-section of a clad. 
optical conduit as disclosed in Ser. No. 883.350. and a clad. 
optical conduit of the present invention. 

FIG. 9 is a photograph showing a light transmitting and 
emitting bent section of a clad. optical conduit as disclosed 
in Ser. No. 883.350. and a light transmitting and emitting a 
bent section of a heat shrink clad. optical conduit of the 
present invention. 

FIG. 10 is a partial. longitudinal. side cross-sectional view 
of a ?nish jacketed optical conduit of the present invention. 

FIG. 11 is a transverse. cross-sectional view of the FIG. 
10 conduit taken along line 2--2. 
FIG. 12 is a partial. side cross-section view of a spliced 

base for use in the conduit of the present invention. 

FIG. 13 is a partial. side cross-sectional view of a ?nish 
jacketed spliced base of the present invention. 

FIG. 14 is a cross-sectional view of a conduit of the 
present invention having a circular cross section and con 
taining filler particles. 

FIG. 15 is a cross-sectional view of a conduit of the 
present-invention illustrating an alternate cross section. 

FIG. 16 is a cross-sectional view of a conduit of the 
present invention illustrating another alternate cross section. 

FIG. 17 is a partial cross-sectional view of a conduit 
splice of the present invention. 

FIG. 18 is a partial cross sectional view of an alternate 
conduit splice of the present invention. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a clad 
optical conduit having improved optical e?iciency. 

It is a further object of the present invention to provide a 
clad. optical conduit having greater light emission from its 
circumferential periphery for a given light source. 

It is a further object of the present invention to provide a 
clad. optical conduit having relatively uniform light emis_ 
sion distribution from its circumferential periphery even at 
regions where bends exists. 

It is a further object of the present invention to provide a 
process for manufacture of clad optical conduit having 
improved optical e?iciency properties in bent sections of 
conduit. in comparison to the optical el?ciency properties of 
known clad optical conduit having the same degree of 
bending. 

It is a further object of the present invention to provide a 
process for manufacture of a clad. optical conduit having 
relatively uniform light emission from its outer circumfer 
ential periphery. 

It is a further object of the present invention to provide a 
process for the simultaneous manufacture of a plurality of 
clad. optical conduit having improved optical elliciency. 

It is a further object of the present invention to provide a 
process for the simultaneous manufacture of a plurality of 
clad. optical conduits each having relatively uniform light 
emission from its outer circumferential periphery. 

It is a further object of the present invention to provide 
improved optical conduit having improved optical e?iciency 
and uniform light emission properties. 
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It is a further object of the present invention to provide 

clad. optical conduit wherein any gap which may exist 
between the inner core and the outer cladding is minimized. 

It is a further object of the present invention to provide 
clad. optical conduit having a relatively uniform minimized 
gap between an inner core and an outer cladding. 

It is a further object of the present invention to provide a 
heat shrinkable tube as the clad material on a clad. cylin 
drical optical conduit. 

It is a further object of the present invention to provide a 
process for the manufacture of clad. optical conduit having 
a heat shrinkable cladding material and a minimized uniform 
gap between the inside periphery of a cladding tube and the 
outside periphery of an inner core. 

It is a further object of the present invention to provide an 
improved linear light form. 

It is a further object of the present invention to provide an 
improved thermoset and/or thermoplastic optical conduit 
having a relatively ?exible. solid light transmitting core. 
and/or a liquid core light transmitting core. each of which is 
surrounded by a clad which is tightly surrounded by a 
transparent or translucent jacket. 

It is a further object of the present invention to provide a 
method for making an improved thermoset. thermoplastic 
and/or liquid core optical light conduit. 

It is a further object of the present invention to provide 
either a bundle of or a single thermoset. mono?lament 
optical conduit containing a light transmitting polymeric 
core surrounded by a ?uoropolymer clad which in turn is 
surrounded by a tight-?tting sheathing of transparent or 
translucent material such as acrylic. polycarbonate. polyvi 
nyl chloride or silicone polymer which has been extruded 
over the ?uoropolymer clad oore. 

It is a further object of the present invention to provide a 
transparent or translucent jacket in a manner not to alter the 
optical transmission properties of therrnoset. thermoplastic 
or liquid optical conduit. 

It is a further object of the present invention to provide a 
transparent or translucent jacket with di?ering physical 
properties. 

It is a further object of the present invention to provide a 
transparent or translucent jacket capable of accepting light 
enhancing ?llers. colorants. particles. ultraviolet stabilizers. 
and/or related materials. 

It is a further object of the present invention to provide a 
transparent or translucent jacket with symmetrical and/or 
asymmetrical cross sectional shapes. 

SUMMARY OF THE INVENTION 

Some of the objects of the present invention are accom 
plished by the manufacture of a clad. optical conduit in 
which the conduit or core is surrounded by a shrunk. heat 
shrinkable tube. such as a ?uoropolymer including Te?on® 
to provide a snug. uniform cladding around the core. and a 
relatively thin. minimized. uniform gap between the clad 
ding and the core. The improved clad. optical conduit may 
be made in conventional reactors whereby a conventional 
monomer mixture is placed inside of expanded. heat shrink 
able tubing. which in turn has been placed and secured 
snugly within another tube. or manufacturing jacket made of 
a durable. relatively thick material; progressively polymer 
iZ?d from one end to the other to form a ?exible core in a 
manner so as not to shrink the heat shrinkable tube to its 
fully shrunk condition prior to when the monomer mixture 
has achieved the degree of polymerization desired for the 
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core while it remains in the reactor; removing the assembly 
containing manufacturing jacket and heat shrinkable tubing 
containing the polymer core from the reactor; removing the 
manufacturing jacket; and applying heat to the heat shrink 
able tubing containing the polymeric core to cause it to 
shrink and form a snug ?t clad around the polymeric core. 
Alternatively. the core may be made of other optically 
conductive material such as. for example. optical quality 
glass and various liquids. The heat shrink cladding surround 
ing the core provides a clad. optical conduit having 
improved optical transmission and emission properties both 
in straight or bent con?gurations. 
The present invention is also directed to a optical conduit 

having a liquid. thermoplastic or thcrmoset. light transmit 
ting core surrounded by a ?uoropolymer cladding which is 
in turn surrounded by a tight-?tting. ?nish polymer jacket 
which may be either transparent or translucent. and is 
preferably made of a polyvinyl chloride. polycarbonate. 
silicone or acrylic material. Numerous ?llers may be used in 
the ?nish jacket polymer and the ?nish jacket polymer may 
be formed into various shapes. thus. for example. allowing 
a round optical ?ber to be tightly jacketed with a square or 
other shaped ?nish polymer jacket. 
The preferred method of forming the ?nish jacket around 

the ?uoropolymer cladding is by extruding the ?nish jacket 
around the clad. cured core using a cross head extrusion die. 

DETAILED DESCRIPTION OF PREFERRED 
AND ALTERNATE EMBODIMENTS 

Some of the objects of the present invention are accom 
plished by a process in which clad. optical conduit is 
manufactured with the improved conduit having a light 
transmitting core having a relatively high refractive index 
surrounded by a tubular cladding made of a heat shrinkable 
material having a relatively low refractive index compared 
to that of the core and having a minimized. relatively narrow. 
uniform gap between the inner periphery of the cladding and 
the outer periphery of the core. The core may be made of 
polymeric material as disclosed in U.S. Pat. No. 5.122.580 
or may be made of glass. or other known materials used for 
the manufacture of optical conduit. The present invention is 
directed to such clad. optical conduit. the manufacture of 
single. clad. optical conduit and the simultaneous manufac 
ture of a plurality of such clad. optical conduit. 

Heat Shrink Clad Features of the Present Invention 

By reference to FIGS. l-9 preferred embodiments of the 
improved heat shrink clad. optical conduit and their method 
of manufacture will be described 

Referring ?rst to FIGS. 1-2. known clad optical conduit 
and their method of manufacture will be described in order 
to provide a meaningful context within which problems 
known in the ?eld of the invention will be discussed and 
within which the present invention will be described. As is 
known and described in U.S. Pat. No. 5.122.580. incorpo 
rated by reference as if fully set forth herein. clad. optical 
conduit may be manufactured by a process in which cylin 
drical Te?on® ?uoropolymer tubes are ?lled with a con 
ventional monomer mixture. placed in a U-con?guration in 
a reactor and then polymerized within and along the length 
of the tube within the reactor to form a ?exible. light 
transmitting and emitting core having a relatively high 
refractive index surrounded by a comparatively low refrac 
tive index ?uoropolymer cladding. During and after poly 
merization the inner core typically exhibits shrinkage and. in 
conjunction with the cladding’s lack of adhesive properties. 
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10 
causes a gap to be created between its outer periphery and 
the inner periphery of the cladding. 

Also. not shown in U.S. Pat. No. 5.122.580. but used 
commercially and as shown in FIG. 1. a before 
polymerization. cross-sectional view of a conventional. clad 
and manufacturing jacketed tube assembly is shown having 
a ?exible manufacturing jacket 1 surrounding a 
conventional. non heat shrink. ?uoropolymer tube 2. 
Although the tube assembly may be of virtually any length. 
but is generally bent into a U-shape for manufacturing and 
is up to about 60 feet in total length. for purposes of 
illustrating problems currently of interest in the ?eld of the 
invention. a small section of a nominal straight tube length 
of about 30 feet having a top end 4 and a bottom end 5 is 
shown. The liquid monomer mixture 3 ?lled ?uoropolymer 
tube 2 of the type described in U.S. Pat. No. 5.122.580 is 
then polymerized in a conventional manner. such as by 
progressive polymerization. from its lower end 5 to its upper 
end 4. in a relatively warm bath su?icient to permit relatively 
slow polymerization as also described in U.S. Pat. No. 
5.122.580. 

After polymerization. as shown in FIG. 2. the 
polymerized. clad. optical conduit. with the ?exible. manu 
facturing jacket 1 removed is illustrated as having a sur 
rounding ?uoropolymer cladding 6 with its core 7 being of 
a polymerized. ?exible light transmitting polymer having a 
relatively high refractive index. During the polymerization 
process the core material typically shrinks about 12-15 
percent in volume. Because polymerization usually slowly 
takes place in the U-shaped tubes. the radial shrinkage is 
somewhat minimized and the weight of upper. liquid poly 
merizing mixture ?ows downward. tending to ?ll the ?uo 
ropolymer tube 2. Also. because pure ?uoropolymer clad 
such as Te?on® lacks any known adhesive properties. it 
pulls away from the wall of the polymerized core and tends 
to create a gap 8 between the inner periphery of the 
?uoropolymer tube 6 and the core 7. As discussed in the ‘332 
patent. an air gap or a gap ?lled with equivalent material is 
essential to achievement of good optical properties of the 
?nished clad. optical conduit. Also. because of the 
shrinkage. the total length of the core 7 will decrease in 
comparison to the length of the prepolymerized monomer 
?lling 3 in the ?uoropolymer tube 2. Thus. the top end 9 and 
bottom end 10 of the polymerized core 7 are shown at 
different positions with respect to the clad top end 4 and 
bottom end 5 than prior to polymerization to illustrate this 
shrinkage phenomenon; although it should be appreciated 
that the actual shrinkage occurs at either top end of the 
U-shaped tubes. both of which are at the “top” as described 
in U.S. Pat. No. 5.122.580. 
As shown in FIG. 3. a cross-sectional view taken along 

line 3-3 of FIG. 2. the outer cladding 6. the polymerized 
core 7 and the gap 8 are shown. Typically gap 8 contains 
only air. which has a nominal refractive index of 1.0. 
Typically. gap 8 is not uniform in width between the outer 
periphery of core 7 and cladding tube 6. as illustrated in both 
FIGS. 2 and 3. The gap 8 may contain some other optically 
conductive material besides air. such as for example nitro— 
gen so long as the ?ller material has a relatively low 
refractive index compared to the refractive index of the core 
7. whether the core be of a polymerized material or of some 
other material such as glass. 

Clad. optical conduit made by conventional processes as 
described in U.S. Pat. No. 3.641.332 and U.S. Pat. No. 
5.122.580 or conventional. commercially used processes 
using the manufacturing jacket have limitations regarding 
optical e?iciency as well as scattering problems. such as for 
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example that they exhibit numerous bright and dark spots. 
especially at bends in the conduit Such optical conduit 
typically also have loose air pockets which can readily be 
felt and seen along their length. It is presently believed that 
at least part of the optical problems are associated with the 
relatively large air non-uniform gaps 8. as illustrated in 
FIGS. 2-3 and 8-9 of conventional. clad. optical conduit. 

Conventional. clad. optical conduit typically has a rela 
tively thin. i.e.. 0.005 to 0.050 inch thickness ?uoropolymer. 
such as Te?on® cladding with an inside diameter from about 
‘is to 5% inch. The cladding is a conventional ?uoropolymer 
such as ?uorinated ethylenepropylene copolymer. including 
for example FEP Te?on® made by DuPont. which may be 
manually surrounded with or. in some circumstances. simul 
taneously co-extruded with a thermoplastic manufacturing 
jacket such as polyethylene or polyvinyl chloride to improve 
handling of the thin tubing. The manufacturing jacketed 
?uoropolymer tube is filled with a thermosetting organic 
monomer mixture such as set forth in US. Pat. No. 5.122. 
580. which in turn is polymerized progressively along the 
length of the tubing assembly by a conventional process as 
described in U.S. Pat. No. 5.122.580. Due to the relatively 
low boiling point of the typical organic monomers used for 
the polymeric core. the polymerization reaction is preferably 
performed at relatively low temperatures such as 36° to 70° 
C. and under pressure of up to about 250 psi to help avoid 
formation of bubbles and voids in the core during polymer 
ization. 
The outer polyethylene or polyvinyl chloride manufac 

turing jacket surrounding the thin ?uoropolymer tubing 
functions to facilitate ease of handling and also functions to 
protect the thin cladding in two ways. First. because typi 
cally a plurality of the tube assemblies are loaded inside the 
manufacturing reactor for simultaneous polymerization. the 
outer polyethylene or polyvinyl chloride jackets protect the 
relatively thin ?uoropolymer tubing from collapsing due to 
the forces exerted by the weight of upper tubing assemblies 
positioned above relatively lower tubing assemblies. This 
function is similar to the function performed by the perfo 
rated tube support plates 20-30 as described in U.S. Pat. No. 
5.122.580. Second. because the thermosetting monomer 
mixture contracts during polymerization. a relatively high 
vacuum would be created inside of the ?uoropolymer tubing 
in the absence of the manufacturing jacket. Such a vacuum 
would tend to collapse the Te?on® cladding. However. the 
presence of the jacket walls creates a pseudo-adhesive force 
which is not well understood. but which prevents the clad 
ding from collapsing. During co-extrusion of the outer 
jacket and the inner thin ?uoropolymer tubing the inside 
wall of the outer jacket and the outside wall of the ?uo 
ropolymer tubing come tightly together. When the hot 
polymer melt cools and subsequently contracts. a pseudo 
adhesion force is also created between the outer periphery of 
the cladding and the inner periphery of the jacket to thus 
e?ectively counteract the force due to the vacuum created 
inside of the cladding. 

Also. because of uneven contraction of the thermosetting 
monomer mixture during polymerization. both radially and 
laterally in relation to the cladding. and because the ?uo 
ropolymer tubing itself does not have a uniform inner 
diameter along its length. with radial variations of 0.003 to 
0.005 inches in a typical Vs" ID. section of tubing. the range 
of gap widths varies along the length of the tubing. In other 
words. in reference to FIGS. 2-3. the distance between the 
core 7 and the cladding 6. i.e.. the gap 8. will vary along any 
given length of the coated. optical tube and may also vary 
radially to produce readily observable air pockets. 
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The signi?cance of non-uniformities in the gap 8 is that 

when light is introduced into one end of a straight light 
conduit. i.e.. the core tube. the varying gap widths cause the 
appearance of bright and dark spots on the outer periphery 
of the light emitting conduit. Further. when the light emitting 
conduit is bent or curved to form shapes. at the locations 
where the cladding comes in relatively closer proximity to 
the core. i.e.. at bends. the light appears to be brighter than 
at straight regions along the conduit. ‘Thus. in both straight 
and curved clad. optical conduits. the existence of non 
uniform gaps defeats and detracts from the objective of 
emitting uniform light from the clad conduit. In many cases 
these relatively bright and relatively dark spots are readily 
observable to the naked eye. 

In general. for coated optical tubes within the field of this 
invention. light is emitted at the end opposite the light source 
and through the circumferential periphery along its length. It 
is believed that the size of air gaps. i.e.. the distance between 
the outer periphery of the core and the inner periphery of the 
cladding and the length of the gap determine the intensity of 
emitted light along the gap. Thus. the present invention 
provides for a more intense emission of light along a gap for 
a given length. gap thickness and light source because its 
relatively smaller gap provides for a shorter distance of 
travel for the light emitted from the core to the surrounding 
cladding. Also. in comparison to the conventional clad 
optical conduit. a greater percentage of the total light is 
emitted from the circumferential periphery than from its 
nonsource end. The non-uniformity of light from the cir 
cumferential periphery is believed to be determined by the 
non-uniformity of the air gap. Thus. the present invention. 
because of its narrow. minimized uniform air gap in relation 
to conventional clad optical conduits. has not only greater 
intensity of emitted light from the circumferential periphery. 
but also improved uniformity of emitted light. 

For example. the FIGS. 8-9 photographs illustrate this 
phenomenon. The lower portion of FIG. 8 shows. a cross 
section of a clad. optical conduit made in accordance with 
U.S. Pat. No. 5.122.580. To the left side of the conduit is a 
very distinct. crescent shaped gap which may be seen 
between the outer periphery of the core and the inner 
periphery of the Teflon® clad. The upper portion of FIG. 8 
shows. a cross-section of a clad. optical conduit of the 
present invention. As may be readily observed there is no 
visible. uneven gap between the core and the clad. Indeed. 
the clad is so tightly formed around the core that no gap is 
visible. it being too narrow to be seen with the naked eye. 

Referring to FIG. 9. a light emitting. conventional clad. 
optical conduit of Ser. No. 883.350. and a light emitting. 
clad conduit of the present invention are shown with an 
identical light source at one end of each conduit. The conduit 
of the present invention is the upper conduit. having the 
larger radius of curvature of the two. As is readily 
observable. the upper conduit is much brighter. thus illus 
trating the higher light emission property. or greater intensity 
of the present invention conduit. Also. the presence of 
non-uniformities in light output illustrated in the lower 
conduit. especially at its left side. These non-uniformities of 
emitted light correspond to air gaps which are readily 
observable with the naked eye as illustrated in FIG. 8. It is 
also readily observable from the FIG. 9 comparative pho 
tograph that the conduit of the present invention emits light 
relatively uniformly along its entire. bent length. whereas 
the conventional conduit has a higher intensity at the bend 
than along its straight portions. 

Further in reference to FIGS. 4-7. the use of a heat 
shrinkable FEPTe?on® or other. equivalent heat shrinkable 
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?uoropolymer material in a clad. optical conduit to aid in 
making a relatively narrow. minimized. uniform gap 
between the core and the cladding will be described. It has 
been discovered that use of a heat shrinkable ?uoropolymer 
such as Te?on® or other heat shrinkable material which has 
a low refractive index will result in production of clad. 
optical conduit having a minimized uniform gap between the 
core and the cladding. It has also been discovered that not 
only will the gap be relatively uniform. but it will also be of 
relatively small. and therefore. of advantageous thickness 
along the entire length of the light emitting conduit. The 
optical e?iciency and optical uniformity of straight as well 
as bent tubes are unexpectedly improved in conduit of the 
present invention compared to conventional conduit made 
with a non-shrinkable ?uoropolymer cladding. 

Methods of production and properties of heat shrinkable 
tubing are well known. Heat shrinkable tubing is normally 
provided in its expanded. or pre-shrunk state. With the brief 
application of heat such tubing shrinks and molds itself 
slowly around the form it was placed. even the most intricate 
and irregular shapes. to form. a snug. tight covering. Sources 
of heat and methods of heating expanded. heat shrinkable 
material are known and include. for example. by convection. 
radiation. or excess heat of reaction. Heat shrink tubings are 
available in various shrink ratios. such as for example. 1.3 
to 1; 2 to l; 3 to 1; 4 to 1; etc. Usually the shrinkage of the 
heat shrinkable tubing occurs only radially and the length of 
the tubing usually remains constant. Conventional heat 
shrinkable tubings are produced from numerous materials 
such as polyvinyl chloride. polyethylene and other poly 
(ole?ns) or ?uoropolymers. These heat shrinkable tubings 
are also available in sizes ranging from approximately 1/32" 
to 6" in diameter. 

Selection of the heat shrink tubing must be such that the 
potential cross-sectional inner diameter of the heat shrink 
tubing in its shrunken state is less than the outer cross 
sectional diameter of the polymerized or finished core 
material. 

In the selection of the heat shrink clad. its shrink ratios 
and diameter sizes will be affected by di?erential diameters 
of the heat shrink within the concept of the present inven 
tion. Diiferential diameters pertain to varying diameters of 
the heat shrink clad at various times during the process of 
manufacture of the linear light conduits of the present 
invention. 
A ?rst inside diameter of the clad will be that which 

existed before the heat shrink clad was made into its 
expanded form and must be smaller than the ultimate outer 
diameter of the intended polymerized core. The ?rst inside 
diameter of the clad should be smaller than the intended core 
by a factor of about 10% or greater. A second inside diameter 
is the diameter of the clad in an expanded. pre-shrunk state. 
Athird inside diameter of the clad will be that to which it has 
been shrunk extremely tightly around the core and which 
will be only slightly. preferably in a rnicrosoopic order of 
magnitude larger than the outer diameter of the polymerized 
core. and which will generally conform to the contours of 
the polymerized core. Selection of a heat shrink clad, 
therefore. must take into consideration the three differential 
inside diameters of the heat shrink cladding. 
The present invention is directed to use of heat shrink 

tubings as previously described. preferably in conjunction 
with the manufacture of ?exible. clad. optical conduit as 
described in US. Pat. No. 5.122.580 or as otherwise com 
mercially available. Production of clad. optical conduit of 
the present invention is presently limited to the size of the 
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heat shrink tubing commercially available. presently 
believed to be V32" to 6“ in diameter. It is within the scope 
of the present invention to produce smaller or larger diam 
eter clad. optical conduits should smaller or larger diameter 
heat shrinkable tubing become commercially available. 

Also. although improved clad. optical conduits of the 
present invention can be prepared with conventional heat 
shrinkable materials. it is presently believed that certain 
impurities are found in heat shrinkable tubing prepared by 
conventional methods and that these impurities result in less 
than optimum optical properties for the ?nished clad. optical 
conduits of the present invention. It is therefore believed and 
preferred that heat shrinkable tubing be manufactured by 
employing in its manufacturing process an inert gas. such as 
helium. which will produce a heat shrinkable tubing having 
relatively fewer impurities and therefore will result in a 
finished. clad. optical conduit of the present invention hav 
ing even further enhanced optical properties. 
As shown in FIG. 4. a manufacturing jacket 9 surrounds 

a pre-shrunk. heat shrinkable cladding 10 which in turn 
surrounds a liquid monomer mixture 11. 

Referring to FIG. 5. the pre-shrunk. heat shrinkable 
cladding 10 is shown containing the polymerized core 11. 
which has exhibited shrinkages as described with reference 
to FIG. 2. The manufacturing jacket 9 of FIG. 4 has been 
removed. It may be observed that a narrow gap 12 remains 
between the core 11 and cladding 10. 
As shown in FIG. 6. after heat has been applied to the 

cladding 10. such as by hot air blower for example. the heat 
shrinkable Te?on® ?uoropolymer cladding 10 has been 
shrunk to form an even more narrow. relatively uniform gap 
14 between the core 11 and the shrunk cladding 13. 

FIG. 7. a cross-sectional view taken along line 7-7 of 
FIG. 6 illustrates this narrow. minimized. uniform gap 11. 
Gap 11 may be of air. or some other material having a 
refractive index relatively small in comparison to the refrac 
tive index of the core material 11. 

As illustrated. for example. in FIG. 6. because of the 
inherent properties of the polymers used in the present 
invention there is no fusion between the polymerized inner 
core 11 and the cladding l3. Absent fusion of two materials. 
as exists in the present invention. there must exist a gap. 
however small. between the two materials. Herein. all ref 
erenoes made to the existence of such gap. are directed to 
minimizing the mandatory gap to a microscopic level. In 
reference to the invention described in US. Pat. No. 3.641. 
332. the relatively large size of the gap therein described was 
an integral part of the invention. In the present invention. the 
minimization and substantial illumination of such gap is an 
integral part thereof. 

EXAMPLES OF HEAT SHRINK CLADDING 

Example 1 
A section of PEP Te?on® ?uoro lymer heat shrinkable 

tubing with a nominal diameter of v‘ " and having a 1.6 to l 
shrink ratio. Zeus Industrial. Part No. 3H 6HS 0. in the 
expanded state was ?lled with a typical. conventional for 
mulation of a thermosetting monomer mixture and was 
polymerized under pressure. After polymerization. the outer 
surface of the sample appeared to be non-unifonn upon 
visual inspection. However when the sample was exposed 
brie?y to heat. the heat shrinkable tubing exhibited uniform. 
radial shrinkage and the resulting chd conduit had a very 
uniform appearance based upon visual inspection. This 
sample was a laboratory scale sample in which a single tube 
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was prepared. It appears from this sample that clad conduit 
having cross-section as shown in FIG. 7 can be made with 
substitution of a heat shrinkable cladding in place of a 
nonshrinkable type cladding. 

Typically. however. for commercial quantities. clad. opti 
cal conduits are batch processed in reactors in which a 
plurality of tube assemblies containing monomer mixture 
are simultaneously polymerized and the above-described 
method may not yield good results in such batch processing. 

Example 2 

A conventional reactor was loaded with a plurality of heat 
shrinkable tubing assemblies and ?lled with a conventional 
monomer mixture and then processed in the conventional 
fashion. It was discovered that the thin. heat shrinkable 
Te?on® tubings could not support themselves and their 
walls collapsed at various locations. as was readily observ 
able upon visual inspection and which thus resulted in 
non-uniform gaps between the core and the cladding. 

To alleviate this collapsing problem. a relatively thick. 
chemically stable ?exible manufactm-ing jacket could be 
manually placed outside of the heat shrink cladding as 
referred to previously with respect to conventional process 
mg. 

Exarnple 3 

A four-feet long sample of the same heat shrinkable 
tubing mentioned in Example 1 was placed inside of a 
four-feet long section of polyethylene tubing. The polyeth 
ylene tubing or manufacturing jacket was also out along its 
entire length in order to facilitate insertion of the heat 
shrinkable tubing. The diameter of the tubing was chosen so 
that the heat shrinkable tubing. in its expanded form. ?t very 
snugly inside of the polyethylene tubing but not as tightly as 
if the polyethylene tubing were extruded over the cladding. 
The thus nested tubings were wrapped with tape so that the 
heat shrinkable tubing was completely covered The taped. 
nested tubings were then ?lled with a conventional thermo 
setting monomer mixture by placing the monomer inside of 
the heat shrinkable tubing. The monomer was then poly 
merized under pressure. After completion of polymerization. 
the polyethylene jacket was peeled off and the heat shrink 
able tubing which contained the ?exible. polymerized tube 
was of non-uniform. generally cylindrical con?guration 
along its entire length upon visual inspection. When the 
polymerized section of Te?on® ?uoropolymer cladding was 
exposed to heat. the heat shrinkable Te?on® ?uoropolymer 
cladding shrank radially and. yielded a clad. mono?lament 
conduit which had a narrow. uniform. minimized cylindrical 
appearance along its entire length upon visual inspection. 
The clad. mono?lament conduit also exhibited fairly uni‘ 
form light emission along its entire length and circumfer 
entlal periphery. both in straight sections and bent sections. 

Example 4 
A clad. mono?lament conduit was made by the same 

procedure as in Example 3. except that a polyvinyl chloride 
manufacturing jacket. which was also slit longitudinally. 
was used to wrap the heat shrinkable tubing and except that 
the slit was closed by gluing after insertion of the heat 
shrinkable tube. Other means to close the jacket may be used 
such as by tape. laser induced bonding or by other conven 
tional methods. After polymerization and after heat shrink 
ing of the heat shrinkable Te?on® ?uoropolymer cladding. 
the clad conduit was of uniform. cylindrical contour along 
its entire length and emitted light of a very uniform ?ux 
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along its entire length and periphery. both in straight sections 
and bent sections. 

Example 5 

A plurality of conduit of the type described in Example 4 
were prepared and loaded into a conventional polymeriza 
tion reactor and polymerized. as described in Ser. No. 
883.350. When the polyvinyl chloride manufacturing jack 
ets were peeled off the samples. each of the clad mono?la 
ment conduits in an unshrunken condition. had non-uniform. 
generally cylindrical contours along their entire length. Each 
of these conduits was then subjected to heat treatment and 
after treatment the ?nished. clad. conduits had uniform 
cylindrical contours along each of their entire length by 
visual inspection. Also each conduit was light tested and the 
light emitted from each conduit was very uniform along the 
entire length and along the circumference of each conduit 
upon visual inspection. both in straight and bent con?gura 
tions. 

Extrusion Of Manufacturing Jacket Over Heat 
Shrink Cladding 

Normally the preferred method of manufacturing the 
optical conduit is to co-extrude a manufacturing jacket over 
the ?uoropolymer cladding prior to polymerization. 
However. that method of manufacture is not. as a practical 
matter. effective with heat shrinkable ?uoropolymer tubing 
because the temperatures required in the hot melt extrusion 
process using preferred manufacturing jacket materials. 
although considered low extrusion temperature polymers in 
the industry. are such that the heat released during the hot 
melt extrusion of the manufacturing jacket causes the heat 
shrinkable ?uoropolymer tubing to shrink from its expanded 
state to its shrunken state and thus result in defeating the 
main purpose for which the heat shrinkable tubing is used. 
that is. the creation of a narrow. minimized uniform gap 
between the tube and the core in the tubing after the 
polymerization reaction has occurred. It is important to the 
present invention that the heat shrinking occur during and/or 
after polymerization. rather than before polymerization of 
the core material so that a narrow. minimized uniform gap 
between the core and the cladding results relative to the gap 
in the conduit of the ’332 patent or application US. Pat. No. 
5.122.580. 
Two methods of extruding the manufacturing jacket over 

the ?uoropolymer heat shrink clad were found not to shrink 
the second diameter. expanded form. clad to an extent that 
the required ?nal shrink function of the heat shrink clad was 
impaired. have been discovered. The ?rst method utilizes a 
low extrusion temperature manufacturing jacket material 
which is extrudable at a temperature less than that required 
to shrink the heat shrink clad. The second and preferred 
method. is to pressurize the interior of the heat shrink clad 
to a pressure greater than the ambient. exterior pressure and 
to maintain the greater internal pressure while extruding 
over the clad a low extrusion temperature manufacturing 
jacket material which is extrudable at a temperature greater 
than that required to shrink the heat shrink clad. The second 
method is preferred because the manufacturing jacket mate 
rial was found to perform the functions required of a 
manufacturing jacket better than those materials which are 
extrudable at the even lower temperatures. 

The two methods of extruding the manufacturing jacket 
over the ?uoropolymer cladding were tested. Use of a low 
extrusion temperature ethylene-vinyl acetate co-polymer as 
the manufacturing jacket is described in Examples 6 and 7. 
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Use of conventional poly(ethylene) as a manufacturing 
jacket is described in Example 8. 
A series of copolymers of ethylene-vinyl acetate manu 

factm'ed by USI Chemicals Co. under the trade name 
ULTRATHENE® are usable for extrusion as a manufactur 
ing jacket over the heat shrink ?uoropolymer clad. These 
copolymers are described in USI brochure #P4-3874/4402. 
As referred to above. some co-polymers of poly(ethylene) 

can be extruded over ?uoropolymer heat shrink tubing at 
relatively low temperatures-approximately 210 degrees 
Fahrenheit—without aifecting shrinkage. Further. it has 
been discovered that by plugging one end of a length of 
?uoropolymer heat shrink tubing and pressurizing and main 
taining the pressure at a relatively high pressure of approxi 
mately 40 to 100 psi. it is possible to extrude conventional 
low density poly(ethylene) over ?uoropolymer-heat shrink 
tubing without affecting shrinkage. The pressure inside of 
the tubing will vary. depending upon such factors as the type 
and Wall thickness of the tubing material used. 

In the production of one type of conventional clad 
conduit. low density poly(ethylene) is extruded over ?uo 
ropolymer tubing as a manufacturing jacket This poly 
(ethylene) jacket is. however. removed subsequent to the 
progressive polymerization of the core. Extrusion. without 
the pressurization technique mentioned above. of conven 
tional low to high density homopolymers of poly(ethylene) 
or other conventional polymers over the ?uoropolymer-heat 
shrink tubing will affect shrinkage and consequently defeat 
the purpose of utilizing heat shrink tubing as a clad for the 
production of light conduit according to the teaching of the 
present invention. 

Example 6 

UE 631-04 UL'I'RA'IHENE® copolymer was success 
fully utilized to extrude over ?uoropolymer heat shrink 
cladding as a manufacturing jacket without aifecting shrink 
age with normal jacket wall thicknesses. i.e.. 0.030 to 0.090 
inches. A slight shrinkage was observed when the wall 
thickness of the UE 631-04 ULTRATHENE® copolymer 
was substantially increased to 0.100 inches and/or in larger 
size tubings. such as 0.500 inch diameter and above. Due to 
the softness of the ULTRATHENE® copolymer material. as 
compared to the conventional material being presently used 
as a manufacturing jacket. a thicker wall jacketing is 
applied. Also. the inherent. relatively gummy nature of the 
ULTRATHLENE® material causes di?iculty in handling dur 
ing manufacturing. 

Example 7 

A continuous length of approximately 30 feet of the 
?uoropolymer-heat shrink cladding was plugged at one end 
and pressurized moderately to approximately 45-50 psi at 
the opposite end and maintained at this pressure while UE 
631-04 ULTRATHENECID copolymer was applied as a manu 
facturing jacket. No shrinkage was observed even with 
relatively large wall thickness of 0.100 inches and large 
tubing size of 0.500 inch diameter. 

Example 8 

A longer continuous length of approximately 1500 feet of 
?uoropolymer heat shrink tubing was plugged at one end 
and pressurized at the opposite end and maintained at a 
pressure of about 45-50 psi while a conventional homopoly 
mer of poly(ethylene) was extruded on the ?uoropolymer 
heat shrink tubing. No significant shrinkage was observed. 
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When the manufacturing jacket was removed. light conduits 
prepared using the tubing from this batch exhibited the 
properties described herein in regard to the heat shrink clad 
optical conduit. 

Example 9 

A linear glass rod approximately 3 feet long with an 
outside diameter of 0.375 inches was cleaned with soap and 
water then Washed with acetone twice and completely dried 
and flamed in an oven. The rod was then inserted inside an 
FEP heat shrinkable tubing. approximately 0.410 inches 
inside diameter with a wall thickness of 0.012 inches. The 
heat shrinkable tubing was then shrunk around the rod with 
the application of heat. One end of the rod was placed in an 
illuminator and then illuminated. Change of color in the rod 
could be observed by changing the color of light at the 
source of light in the illuminator. The glass rod was not of 
optical quality. therefore the attenuation of the light was 
readily observable. It is believed. however. that use of an 
optical quality glass rod would signi?cantly reduce attenu 
ation of the light without effect on application of a heat 
shrinkable cladding to the glass rod to form a uniform. 
minimized narrow gap therebetween. 

As shown by these examples the heat shrink ?uoropoly 
mer or other heat shrunken material provides a means to 
form a narrow. minimized uniform gap smrounding the core 
of a ?exible. clad. mono?lament conduit and/or surrounding 
other optical conduit such as a glass rod. 

Finish Jacket Features of the Present Invention 

The present invention is also directed preferably to a 
?nish jacket of transparent or translucent polymer extruded 
over a thermoset mono?lament optical conduit having a 
linear light transmitting. polymeric. ?exible. solid core 
surrounded by a ?uorinated ethylene-propylene copolymer 
such as Te?on® FEP. and most preferably to the heat shrink 
clad type of thermoset optical ?ber described above. 

Also. it is believed that conventional liquid core optical 
conduit may be surrounded with a ?nish jacket of the present 
invention. 
The transparent or translucent ?nish jacket is preferably 

of acrylic. polycarbonate or polyvinyl chloride polymer. 
although others may be used depending upon the end use 
and the properties of the polymer. 
A relatively thin. uniform gap exists between the outer 

surface of the core and the inner surface of the clad and 
between the outer surface of clad and the inner surface of the 
?nish jacket. 
The wall thickness of the ?nish jacket is preferably about 

0.010 inches to about 0.50 inches. with the most preferred 
wall thickness in the range of about 0.010 inches to about 
0.3875 inches. 
The general purposes and functions of the linear optical 

conduit form of the present invention are to provide area 
illumination and illumination of objects such as when used 
as tracks in ?oors or walls. The present invention may 
function for virtually all uses presently associated with neon 
lights and therefore may be considered to be a substitute for 
neon lighting in numerous instances. Also. the linear lighting 
forms of the present invention may be used for pool. spa and 
fountain lighting; perimeter and landscape lighting; display 
backlighting; aisle. track and step lighting; signage; exhibit 
and trade show booth accents. pool access lighting; medical 
instrumentation; architectural design; interior design; and in 
free standing art forms. 
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Referring to FIGS. 10 and 11 a longitudinal cross 
sectional view and a transverse cross-sectional view of a 
preferred thermoset. mono?lament optical conduit of the 
present invention is shown as having a ?exible. oval cross 
section. mono?lament light transmitting polymeric core 21 
surrounded by a ?uoropolymer clad 24 such as Te?on® 
?uoropolymer. The conduit. of course may be of circular 
cross-section. as is illustrated in FIG. 14. Surrounding the 
clad is a ?nish jacket 23 preferably made of a material such 
as polyvinyl chloride. acrylic or polycarbonate polymer. 
Other materials such as silicones may be used so long as 
they perform the functions as hereinafter described. Also 
shown in FIG. 10 is a relatively narrow. minimized relatively 
uniform air gap 22 between the outside of the core 21 and 
the inside of the clad 24. Again referring to FIG. 10. 
relatively narrow. minimized relatively uniform gap 25 is 
shown between the outside of the clad 24 and the inside of 
the polymer ?nish jacket 23. Although the gaps 22 and 25 in 
FIG. 1 are shown to be of approximately the same thickness. 
identical gap thickness is not required. The present invention 
may be used with conventional thermoset optical conduit 
having a relatively large. non-uniform gap as described in 
the Reick et al. ’322 patent. and the improved core conduit 
of U.S. Pat. No. 5.122.580. or the relatively narrow. uniform 
gap associated with a shrunk. ?uoropolymer clad as 
described above. 

Distinctions Between Manufacturing and Finish 
Jackets 

Although the materials used in the ?nish jacket of the 
present invention may be the same materials used for the 
manufacturing jacket used in production of some conven 
tional thermoset optical conduit. as described above. the 
manufacturing jackets generally have no utility as a ?nish 
jacket of the present invention except in the limited case of 
co-extrusion of low extnrsion temperature manufacturing 
jacket over a non-heat shrink clad which is used to prepare 
a conduit having a thermoset or thermoplastic core. which 
generally produces an inferior and unacceptable product. 
The ?nish jacket of the present invention is different in 

many respects compared to the conventional manufacturing 
jacket. In the production of certain conventional thermoset 
optical conduit. a manufacturing jacket is co-extruded over 
the ?uoropolymer tube. The monomer mixture that creates 
the light transmitting core is put into the co-extruded tube 
and subsequently polymerized. The manufacturing jacket 
functions primarily to protect the ?uoropolymer cladding 
and core from abrasion. crimping. and deformation during 
the manufacturing process. 
One problem common to all known conduit made with a 

manufacturing jacket is that the lengths of unspliced conduit 
are limited to about 68 feet because this is the presently 
known maximum length which can be polymerized in 
conventional reactors. Also. as a practical matter. due to 
imperfections often found at the U-shaped bend. shorter 
lengths of about 20-25 feet often are the maximum practi 
cable lengths available. when acrylic. polycarbonate or rigid 
silicone manufacturing jackets are used When softer mate 
rials such as polyvinyl chloride are co-extruded as conven 
tional manufacturing jackets. the relatively high heat and 
pressure required causes collapse or partial collapse of the 
jacket a random locations along the length. This collapse or 
partial collapse results in a deformed ?nished product. 
especially when irregular cross sectional shapes are desired 

Also. when thermoset optical conduit is fabricated using 
conventional. relatively high extrusion temperature jacket 
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ing materials and heat shrink ?uoropolymer clad. as 
described above. jacketing the clad before polymerizing 
with the ?nish jacket material has been found to cause the 
heat shrink material to contract prematurely and to prevent 
formation of an acceptable heat shrink clad ?nished conduit. 
The purpose of manufacturing jackets is to provide struc 

tural integrity during the polymerization process and. in 
manufacture of linear illumination optical conduits. the 
manufacturing jackets are removed and discarded when 
polymerization is completed The manufacturing jacketing 
should be about 0.0300 inches to 0.200 thick and made of a 
material sufficient to maintain a relatively consistent core 
shape. 

In contrast. the ?nish jacket is preferably placed around 
the clad core to achieve desired optical properties and to 
protect the ?nished product during end use. In order to 
achieve these desired optical properties. it is essential that a 
relatively uniform. relatively tight ?t of the ?nish jacket over 
the clad core be accomplished In general. the more tightly 
the ?nished jacket ?ts around the base conduit. the better the 
optical characteristics of the ?nished product. In accordance 
with the present invention. one important function of the 
extrusion process is the creation of a relative uniformity of 
the distance between the inner surface of the ?nish jacket 
and the outer surface of the ?uoropolymer clad of the base 
conduit. Another important function of the extrusion process 
is the minimization of the gap. if any. which may be created 
between the interior surface of the ?nish jacket and the 
exterior surface of the ?uoropolymer clad of the base 
conduit. In accordance with the present invention. it is 
believed that there is a maximum allowable distance 
between the inner surface of the ?nish jacket and the outer 
surface of the ?uoropolymer clad of the base conduit. It is 
further believed that the maximum allowable distance will 
vary depending upon the outer diameter of the base conduit. 
that is. the smaller the diameter of the base conduit. the 
smaller. the maximum allowable distance between the inner 
surface of the ?nish jacket and the exterior of the base 
conduit. For example. a base conduit having an exterior 
diameter of about 0.50 inches should not have a ?nish jacket 
having an interior diameter greater than about 0.55 inches. 
and a base conduit having an exterior diameter of 0.125 
inches should not have a ?nish jacket having an interior 
dimension greater than about 0.150 inches. 

Therefore. generally the conventional manufacturing 
jackets will not be suitable for use as a ?nish jacket(s) of the 
present invention. 

Process Of Making Finish Jacketed Thermoset 
Optical Conduit Of the Present Invention 

The preferred method of making the ?nish jacketed 
thermoset. mono?lament optical conduit of the present 
invention is by extrusion of a bondable polymer over an 
expanded heat shrink ?uoropolymer clad thermoset optical 
conduit. thereby simultaneously shrinking the clad. 

Starting Materials 
The conventional ?uoropolymer clad. thermoset. 

mono?lament optical conduit used as the base. or starting 
material may be any one of the types of conduit shown and 
described above or in the Reick et al. ‘322 patent; in U.S. 
U.S. Pat. No. 5.122.580; and/or as commercially available 
from Lumenyte International Corporation or from other 
commercial sources. The preferred base starting material is 
the thermoset optical conduit having a heat shrink type clad 
and having the manufacturing jacket removed. as described 
above. 
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Splicing the Base (Optional) 
Conventional heat shrink clad or non heat shrink clad 

thermoset optical conduit is normally available in lengths up 
to approximately 68 feet maximum When longer lengths are 
desired. sections of conventional clad thermoset optical 
conduit may be spliced together by one of several methods 
to form a very long conduit which is to be fed to a 
conventional extruder in which the ?nish jacket polymer is 
extruded through a cross-head die. 

Referring to FIG. 12 the preferred method of splicing is 
described. Sections 26 and 27 of conventional clad thermo 
set conduit are shown joined by a surgical tape covered 
?uoropolymer sleeve 28. The sections 26. 27. respectively 
have cores 29. 30. cladding 31. 32 and gaps 33. 34. respec 
tively. A sleeve made of ?uoropolymer or other suitable 
material is wrapped or fashioned around the joint. The 
?uoropolymer sleeve is then wrapped or surrounded with 
surgical tape 28A or other suitable material which has been 
colored to have a relatively dark region in the center and to 
be progressively lighter near each end. as shown by the 
directions of the arrows 35. 36 in FIG. 12. 

It has been discovered that at the interface of core section 
29 with core section 30. a relatively bright line of light 
normally results during illumination; however. when con 
duit sections are spliced so that the tape is darkened in the 
region where the two core sections adjoin and is progres 
sively lightened as shown in FIG. 12. the bright line of light 
can be reduced. and in some instances eliminated for all 
practical purposes so that the illuminated optical conduit 
appears to provide uniform and continuous light rather than 
a hot spot at the splice. This effect is realized after the 
polymer ?nish jacket has been extruded over spliced sec 
tions and the conduit is illuminated. A section of a ?nal 
product conduit of the present invention using the preferred 
base splicing technique is shown in FIG. 13 where the 
unnumbered. spliced base is shown within ?nish jacket 37. 
By splicing together various lengths of conventional 

?uoropolymer clad thermoset optical conduit. spools of up 
to 5.000 feet or more in length of base optical conduit may 
be obtained. 
One method of splicing conventional thermoset clad 

optical conduit to form a base conduit for feeding to an 
exnuder is described as follows: 

Step 1. Each end of the thermoset conduits to be spliced 
are cut squarely at 90° angles with a sharp razor blade so that 
they abut each other as smoothly and closely as possible. 

Step 2. A ?uoropolymer coupling sleeve is prepared by 
selecting a tube approximately 1 inch in length and having 
a diameter slightly larger than that of the clad optic core. A 
pencil or similar object with a tapered end is inserted into the 
end of the ?uoropolymer sleeve so that the end of the tube 
is ?ared slightly. The ?uoropolymer sleeve is ?ared in this 
manner at each end. 

Step 3. The prepared ?uoropolymer sleeve is slipped over 
the end of one of the ?uoropolymer clad conduit sections to 
be spliced until the end of the conduit is about one-half way 
inside of the ?uoropolymer sleeve. 

Step 4. One to two drops of an acrylic solvent cement. 
such as Weld-On No. l6TM cement is applied to the end of 
the conduit that is inside the coupling sleeve. 

Step 5. The end of the other conduit to be spliced is 
slipped into the sleeve and butted up against the previously 
inserted conduit until the solvent cement completely covers 
the ends of each conduit. 

Step 6. The spliced sections are kept in a stationary 
position and allowed to dry for about 24 to 48 hours. 
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An alternate. and preferred method of splicing conven 

tional thermoset clad optical conduit to form a base optical 
conduit for feeding to an extruder in accordance with the 
present invention is as follows: 

Step 1. Follow steps 1. 2 and 3 of the previous method. 
Step 2. One to two drops of an optically clear UV curing 

adhesive is applied to the end of the conduit section that is 
inside the coupling sleeve. 

Step 3. The end of the other conduit section to be spliced 
is slipped into the sleeve and butted up against the end of the 
?rst conduit section until some of the adhesive completely 
covers both ends of the conduit sections. 

Step 4. The assembly is placed under a UV curing lamp 
for su?icient time to cure. usually about ?ve seconds. 

Step 5. Apiece of conventional surgical tape that has been 
air brushed with a relatively dark longitudinal line extending 
circumferentially around the sleeve and having gradations of 
darkness from the dark longitudinal center to very light 
coloring at either ends as illustrated in FIG. 3 is wrapped 
around the sleeve. 

After extrusion of the ?nished jacket over the base 
thermoset conduit. this colored surgical tape functions to 
reduce the “hot spot” phenomenon otherwise associated 
with splices. As a practical matter. a ?nish jacketed thermo 
set optical conduit of the present invention masks this splice 
so well that it is extremely di?icult to detect a hot spot with 
unaided vision when the conduit is illuminated 

In regard to the preferred method of splicing. the preferred 
UV curing adhesive is Norland Optical Adhesive 68 which 
is made by Norland Products. Inc. A conventional UV curing 
lamp which projects UV light between 320 and 400 nm is 
preferred. One of the major advantages of the UV curing 
technique is elimination of the 24 to 48 hour curing time 
required with the solvent cement technique. 

It has been discovered that placement of the polymer 
?nish jacket over the splice increases the strength of the 
splice because this outer jacket holds the splice in a ?xed 
position and helps resists stretching of the core. The ?nish 
jacket also results in a smooth. continuous outer surface 
where the splice occurs regardless of the surface contour at 
the splice itself. 

Selecting the Finish Jacket Polymer 

Several types of commercially available polymers have 
been found to provide acceptable ?nish jackets. for the 
optical conduit of the present invention. These polymers are 
identi?ed as follows: 

Acrylic Polymers 
Lucite l47KNC. poly (methyl methacrylate) available 
from E. I. DuPont. Wilmington. Del. 

Plexiglass MC poly (methyl methacrylate) available from 
Rohm & Haas. Philadelphia. Pa. 

Poly (carbonate) 
Lexan 929. poly (carbonate) available from General 

Electric. Pitts?eld. Mass. 
Calibre 800. poly (carbonate) available from Dow 

Chemical. Midland. Mich. 
Poly (vinyl Chloride) 
Ethyl 7042. poly (vinyl chloride) available from Georgia 

Paci?c Company. 
Polyvin 6641. poly (vinyl chloride) available from 

Schulman. Akron. Ohio. 
Other commercially available plastics believed to be 

capable of providing a ?nished jacket in accordance with the 
present invention include the following: 
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Silicone Based Polymers 
Dow Corning 306 (silastic) available from Dow Corning 
Company. 

GE SE 9058 available from General Electric. Waterford. 
Mass. 

Ethylene-Vinyl Acetate Copolymers 
U1trathene® UE657 available from USI Chemicals Co.. 

Cincinnati. Ohio. 
Escorene LD-302 available from Exxon Corporation. 
Poly (vinyl chloride)/Ethylene-Vinyl Acetate Copolymer 

Alloys 
Poly (vinyl chloride)/ethylene-vinyl acetate copolymer 

alloys are available from various compounders. 
Each of the ?nish jacket materials have distinctive prop 

erties which may render one material preferable to another 
for a speci?c end use as will be appreciated by those skilled 
in the art. For example. acrylic is comparatively more brittle 
than either polyvinyl chloride. polycarbonate or silicone. 
However. it transmits light very well. Acrylic is more rigid 
than some polyvinyl chlorides and silicones. Polycarbonate 
and silicone are known as high impact polymers and would 
be useful in applications where impact can be expected. 
Silicone polymers may be used in medical applications. In 
those applications where a bondable ?nish jacket is desired 
bondable polymers such as acrylic. polycarborate. polyvinyl 
chloride or silicone may be used. 

Inclusion Of Fillers And Inserts 

Fillers such as U.V. stabilizers. colorants. micro particles. 
microspheres. optical brighteners and enhancers. and the 
like may be included within the jacket material at this time 
by the chemical compounder or by the extruder. U.V. 
stabilizers may include such clad core and ?nish jacket 
protectors as blockers. inhibitors. retarders and the like. 
Inserts. such as defrosting heater wires. re?ectors. “Goose 
neck" type wires and the like. may also be included in the 
jacket during the extrusion process. 

Extruding the Finish Jacket Polymer Over the 
Optical Conduit Base 

The base conduit. either with a spliced length or an 
individual section. is jacketed with the desired ?nish jacket 
polymer by way of extrusion. preferably through a cross 
head extrusion die. 

Polyvinyl chloride polymer is preferably extruded over 
the base conduit at tempm-atures of about 300° F. When 
polycarbonate is used as the ?nish jacket. extrusion tem 
peratures are preferably in the range of about 500° to 560° 
F. When the ?nish jacket is made of acrylic polymer. the 
preferable extrusion temperature is about 300° F. to about 
450° F. 

It has been found that the preferred ?ow rates for extru 
sion are about 15 feet per minute when polyvinyl chloride 
polymer is used and about 10 feet per minute when either 
polycarbonate or acrylic polymer is used. In general. the 
?ow rate for any given jacket material is the ?ow rate which 
yields a very tight. uniform ?t of the jacket over the base 
conduit so that a ?nished product having a very small. 
uniform gap between the clad and the ?nish jacket results. 
As described above. the ?nish jacket is formed. 

preferably. by extruding the desired polymer over heat 
shrink ?uoropolymer clad core thermoset conduit through 
use of conventional extrusion equipment and techniques. It 
is believed that virtually any type of plastic extrusion 
machinery and techniques may be used provided that the 
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equipment and techniques have been designed or modi?ed 
to accommodate extrusion of the chosen materials. A num 
ber of samples of ?nish jacketed thermoset optical conduit 
of the present invention have been prepared using conven 
tional thermoplastic. single screw extrusion equipment and 
using polyvinyl chloride. acrylic. ethylene-vinyl acetate and 
polycarbonate polymers for the jacket. It is believed that 
twin screw and thermoset extrusion equipment may also be 
used. When a heat shrink clad is used. the shrinking of the 
clad may take place either prior to the extrusion of the ?nish 
jacket or simultaneously with the extrusion of the ?nish 
jacket upon the base conduit wherein the cladding is auto 
matically shrunk by virtue of the heat dissipated from the 
molten ?nish jacketing polymer. 

Alternate Methods Of Manufacture 

Although extrusion of ?nish jacket material over spliced 
sections of base clad core is the preferred method of manu 
facture of the present invention optical conduit. other meth 
ods of manufacturing such as variations of the extrusion 
process described above; casting; gluing two longitudinal 
sections; wrapping jacket around sections of clad core; hot 
bath or layering techniques; cold spray techniques and heat 
shrink techniques may be used. Although these various 
methods may be used to produce a ?nish jacket optical 
conduit. for various reasons none of these alternate methods 
are preferred. 

Alternate Extrusion Methods 

One alternate extrusion method involves using unspliced 
sections of conventional thermoset. clad optical conduit as 
the base conduit. In this process. lengths of base conduit are 
fed through extrusion machinery to produce a continuous 
length of ?nished product. This method is disadvantageous 
because it is very labor intensive. very cumbersome. and. 
most importantly. produces a ?nished product having incon 
sistent light transmission properties. Speci?cally. at the 
regions where the individual sections adjoin each other 
within the jacket. a hot spot results during end use. The 
existence of hot spots along the length of an optical conduit 
is undesirable. 

Another alternate extrusion process found to yield a ?nish 
jacket clad core optical conduit involves the co-extrusion of 
the ?uoropolymer cladding inside of the ?nish jacket prior 
to formation of the core. as discussed in more detail above. 
The polymeric core material is then formed by ?lling the 
volume inside of the co-extruded clad with a chosen mono 
mer mixture and the monomer mixture is then polymerized 
inside of the clad in a conventional manner. This method is 
the least desirable of the extrusion methods because the core 
often shrinks during polymerization and results in produc 
tion of undesirable air gaps. Also this method is limited to 
production of maximum lengths of the manufacturing/?nish 
jacket clad conduit of approximately 40 feet when ?nish 
jacket material of shore hardness of 80 or more on the A 
scale is used. 

Miscellaneous Alternate Methods of Manufacture 

Each of the other alternate methods of manufacture 
including casting; gluing two longitudinal halves; wrapping; 
hot bath or layering; cold spray; and heat shrink were either 
tested or considered extensively but were determined to be 
undesirable for a number of reasons. The heat shrink tech 
nique (heat shrink a ?nish jacket over the base optical ?ber) 
was found to produce usable results but was not a practical 
method of manufacture because of the relatively high costs 
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of materials and of labor and because the ?nished product 
lengths were very limited. 

Summary Of The Preferred Process 

In summary. the preferred overall processing steps used to 
produce the ?nish jacket optical conduit of the present 
invention preliminarily include reaction of a thermoset core 
material within a ?uoropolymer cladding. This reaction may 
take place either with or without the aide of a conventional 
or co-extnrsion type manufacturing jacket as described 
above. After polymerization and curing of the core material 
are complete. the manufacturing jacket is removed. 
preferably. if a manufacturing jacket was used. If greater 
than approximately 40 to 68-foot lengths of ?nished product 
are desired. a number of lengths of polymerized clad core 
are spliced together and rolled onto a spool to achieve a total 
length of base as desired. Then the spooled core base is 
extruded with a polymer such as acrylic. polycarbonate. 
polyvinyl chloride or silicone using conventional extrusion 
equipment operated at temperatures and conditions recom 
mended for the polymer chosen to form a ?nish jacket over 
the base. 
When the ?uoropolymer cladding used in the core manu 

facturing steps is a heat- shrink ?uoropolymer material. then 
the unshrunk clad over the cured core may be either heat 
shrunk automatically by virtue of heat dissipated from the 
molten jacketing polymer emerging from the extrusion 
nozzle. which has been found to be su?icient to heat shrink 
the ?uoropolymer in extrusion of most polymer materials 
used for a ?nish jacket. or the heat shrink ?uoropolymer 
material may be pre- shrunk prior to extrusion. The preferred 
method employs heat shrinking the clad material in the 
extruder. 

Thermoplastic Core Options 
As described above. some preferred embodiments of this 

invention employ a thermoset optical conduit core rather 
than a thermoplastic core. The primary reason for use“ of a 
thermoset core is that thermoset plastics are superior in 
resistance to high temperatures such as those generated by 
the source of illumination. 

In this regard. the term thermoplastic refers to resins or 
plastic compounds which in their ?nal state as ?nished 
articles are capable of being repeatedly softened by 
increases in temperature and hardened by decreases in 
temperature. ‘The term thermoset refers to resins or plastic 
compounds which in their ?nal state as ?nished articles are 
substantially infusible and insoluble. Thermosetting resins 
are often liquids at some stage in their manufacture or 
processing and are quite often cured by heat. catalysis or 
other chemical means. After being fully cured. thermoset 
plastics cannot be reshaped by application of heat. Some 
plastics which are normally thermoplastic can be made 
thermosetting by means of cross linking with other materials 
using techniques which are well known. 

Because thermosetting plastics resist higher temperatures 
than do thermoplastic polymers. the extrusion process used 
in the present invention is greatly simpli?ed when used in 
conjunction with a thermoset core as opposed to a thermo 
plastic core material. 

Although the thermoset core material is the preferred core 
material. ?nish jacket optical conduit may be prepared in 
accordance with the present invention when using thermo 
plastic core materials. In this context. it is believed that 
relatively high temperature thermoplastic core materials and 
relatively low temperature ?nish jacket materials would 
produce the best thermoplastic. ?nish jacket optical conduit. 
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Advantages Of. Uses For and Options To Be Used 
With The Finish Jacket Optical Conduit of the 

Present Invention 

There are numerous advantages of. uses for and options to 
be used with the ?nish jacket optical conduit of the present 
invention. A number of these options. uses and advantages 
will be described as follows: 

Fillers 

Unlike conventional optical conduit. the ?nish jacket 
conduit of the present invention can. without greatly atfect 
ing the internal transmission of light. take advantage of 
various ?llers such as optical brighteners; optical enhancers; 
particles such as micro and macro particles; microspheres; 
Lisa plastics (marketed by Mobay Chemicals Inc); UV 
stabilizers; colorants and other ?llers known to be usable in 
polyvinyl chloride. acrylic. polycarbonate. silicones and 
equivalent jacketing materials. The ?ller particles are mixed 
with the ?nish jacket polymer with conventional techniques 
and become embedded within the polymer matrix. as shown 
in FIG. 14. The ?nish jacket 38 has a number of particles 39 
and the jacket 38 surrounds the clad 40 and core 41. 

For example. micro dispersion particles are very small. 
microscopically sized particles such as phosphorescent par 
ticles commercially available under the designation P-1000 
particles and available from Conrad-Hanovia. Also. metallic 
pigments commercially available from MD. Both Industries 
are micro particles which may be used with the present 
invention to create a desired visual elfect. Macro particles. 
that is relatively large particles. would include re?ective 
aluminum and metallic polyester particles which provide 
color. glitter and sparkle. Such particles are available from 
Meadowbrook Inventions. Inc. Also. plasticized colorants of 
aluminum ?ake may be used in the present invention. Such 
aluminum ?akes particles are commercially available from 
Reynolds Metals Company. Also. surface modi?ed silicas 
commercially available from the FSR Chemical Division of 
Burns and Runell Company may be used as macro particle 
?llers in the present invention. 

Other ?llers commercially available and suitable for use 
in the present invention are biologically active compounds 
known as antimicrobials and include algacides. biocides. 
fungicides. and mildewcides. Examples of such antimicro 
bials include Vinycene (oxy-bisphenoxarsine) commercially 
available from Ventron Division of Morton Thiokol and 
Micro Chek l1 (isothiazolone) available from Form. 

Other ?llers such as defrosting or antifogging agents may 
be included. 

Other ?llers may also be included which may selectively 
?lter certain frequencies. or absorb light of certain frequen 
cies which are relatively useless and re-emit the same at a 
visible frequency which is desirable. 

Ultra Violet Absorbers. Inhibitors and Blockers 

Ultra violet radiation resistant chemicals may be used in 
conjunction with the present invention to protect the optical 
conduit and the ?nish jacket polymer from UV damage. 
Choice of a particular UV chemical is made according to the 
type of plastic to which it is added. There are numerous ultra 
violet absorbers. inhibitors and blockers available on the 
market. For example. for ?exible polyvinyl chloride. Uvinyl 
M-40 (Z-hydroxy-4-methoxy-benzophenone) made by 
BASF and Cyasorb UV24 (2.2-dihydroxy-4-methoxy 
benzophenone) made by American Cyanamid are preferred 
For use with rigid polyvinyl chloride Cyasorb UV2126 


















