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a protective polymer jacket surrounding the sheath. The cylindrical plastic rod supports the inner conductor in bending and can be formed
around a central structural member. The present invention also includes a method of making flexible coaxial cable.
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COAXIAL CABLE AND METHOD OF MAKING SAME

Field of the Invention

e me LI LDiVention

Ine present invention relates to 3 coaxial

cable, and more particularly to an improved low-

coaxial cable having enhanced bending, handling and
electrical properties

loss -

Background cof the Invention

The coaxial cables commonly used today for
Cransmission of RF signals,

signals and cellular
example,
a metalli

such as cable televisian
telephene breoadeast slgnals, fer
lnclude a core containing an inner conductor,

C Sheath surrounding the core and servi
an cuter conductor, and i

dilelectriec Surrounds the inner conducteor and
electrically insulates

it from the Surrounding metallie
sheath,

In many known coaxial cable constructions,

an
€xpanded foam dielectric surround

8 the inner conductor

The design of coaxial cakbles has
traditionally been a balance

between the electrical
properties

(¢.g., high signal Propagation, low
attenuation) and the mechanical or bending properties

cf the cable. For example, in some coaxial cable

constructions, air and Plastic spacers are used between
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the inner conductor and the outer conductor to reduce
attenuation and increase signal p}opagation of the
cable. Nevertheless, the Plastic spacers that are
placed between the inner and outer conductors de not
provide much support in bending for the outer conductor
and thus the outer conductor is Subject to buckling,
flattening or cocllapsing of the cable during bending
which can render the ecable unusable. One al-=ernative
has been to use foam dielectrics between the innexr andg
outer conductors as described abdve. However, although
the bending properties are improved, the rate at which
the signals are propagated is typically reduced.

For example, EP 504 776 describes a coaxial

The conductive copper tape 15 applied by wrapping a
tape helically around the supporting rod, by vapor
depcsition in a vacuum, by cathode Sputtering, or
chemically., An intermediate dielectric formed of
expanded PTFE surrounds the conduective COpper tape and
i further surrounded by an outer conductor and an
cuter insulator. The outside diameter of the cable is

industry for RF cables has been the'construction of
larger diameter cables. Large diameter cables
generally possess a greéeater average power rating and
reduced attenuation over smaller diameter cablas.

Unfortunately, however, because thege cables have large

diameters, they are typically not as flexible a8 their

amaller diameter Counterparts. As a regult, there ig &

greater level of difficulty in installing thease Cables,

For this reason, large diameter cables have heen

designed with Corrugated sheaths for greater
Llexibility, -
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Another problem with the large diameter
cables has been that the OBt of the large diameter
8olid inner conducrors geénerally used in these cables

S conductive material used. in consideration of this
Problem, one alternative in the degign of conventional
large diameter cables has been the use of corrugated
metal tubing as the inner Conductor. The corrumated

10 and along with the corrugated outer conductor lmproves

15 tendency to buckle, flatten or collapse during bending
of the cable thus rendering the cable unusable.

Furthermore, although the coat of the corrugated inner
conductive tubing is reduced over solid inner

conductors these corrugated inner conductive tubes a»
20 still rather expensive. .Additionally, the corrugated
lnner and outer conductors LYpically cause attenuation

25 M&m&n
carcle having excellant electrical Properties,
barticularly for the tranamiggion of RF signals. 1In

addition, the Present invention Provides a coaxial
30 cable which has outstanding flexibility and bending

avoids buckling, flattening or coellapsing in bending.
he coaxial cable of the invention 18 eagily

35 Prevent the fliow of water through the Coaxial cable.
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cable and a method of making same at low cost.
These and other featurés are achieved in

accordance with the present invention by providing a
flexible coaxial cable having a cable core comprising a
cylindrical plastic rod, an inner conductor surrounding
the plastic rod, and a foam polymer dielectric layer
surrounding the inner conductor. A tubular metallic
sheath closely surrounds the cable core to provide an
outer conductor for the cable. Additionally, the cable
can include a protective polymer racket which surrounds
the sheath ané can be adhesively bonded theretc. The
cylindrical plastic rod comprises a solid or foam
plastic material which supports the inner conductor in

bending and c¢an be achesively bonded to the inner
conductor. The plastic rod can also be supported by a

central structural member to facilitate formatiocn of
the plastic rod. The coaxial cables of the invention

have been particularly useful for large diameter
cables, i.e., having ocuter metallic sheath diameters of

more than 1.0 inches (2.5 em), but can alsc be used

with amaller diameter cables.
The present invention alsc cemprises a method
of making coaxial cables. In the method embodiment of

the invention, a cylindrical plastic rod is advanced
along a predetermined peth of travel and an inner
conductor 1s directed onto the plastic rod and
encircles the plastic rod. Preferably, the inner
conductor i1sg formed such that it loosely encircles the

plastic rod and is then sunk onto the foam plastic rod..

In addition, the inner conductor is typically
adhesively bonded to the plastic rod. A foamable
polymer composition is extruded onto the innexr
conducteor to form a cable core. A tubular metallic

sheath 1s then formed onto the cable core and encircles
the cable core. A protective polymer jacket can also

be faormed surrounding the sheath and can be adheaively .
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bonded to the sheath. The plastic rod is preferably
formed by extruding a polymer composition onto a central
structural member. The inner conductor can then be formed

5 by advancing a metal strip and longitudinally welding
abutting portions of the metal strip around the plastic
rod to form an inner conductive tube or the metal strip

can be overlapped around the plastic rod.

10 These and other features of the present
invention will become more readily apparent to those
skilled in the art upon consideration of the following
detailed description which describes both the preferred
and alternative embodiments of the invention.

15

In accordance with an object of an aspect of
the 1nvention there is provided a coaxial cable
comprising a cylindrical plastic rod, an inner conductor
surrounding said plastic rod and provided by forming a

20 metal strip into a tubular configuration and
longitudinally-welding or overlapping the side edges of
the tubular strip, a foam polymer dielectric layer
closely surrounding the inner conductor, and a tubular
metallic outer sheath closely surrounding the foam

25 polymer dielectric layer.

In accordance with another object of an aspect
of the invention there is provided a method of making a
coaxlial cable comprising the steps of:
30 advancing a cylindrical plastic rod along a
predetermined path of travel;
applying an inner conductor onto the plastic

rod and encircling the plastic rod by forming a metal
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strip into a tubular configuration around the plastic rod
and longitudinally-welding or overlapping the side edges
of the tubular strip to provide the inner conductor:
extruding a foamable polymer composition onto
the 1nner conductor to form a cable core; and .

forming a tubular metallic outer sheath onto

the cable core and encircling the cable core.

Brief Description of the Drawings

FIG. 1 1s a perspective view showing a coaxial
cable 1n accordance with the present invention in cross-
section and with portions of the cable broken away for

purposes of clarity of illustration.

FIG. 2 18 a schematic illustration of an
apparatus for producing a plastic rod for use in the

coaxlal cable of the invention.

FIG. 3 1s a schematic illustration of an
apparatus for applyilng an inner conductor to a plastic

rod for use in the coaxial cable of the invention.

FIG. 4 1s a schematic illustration of an
apparatus for applying a dielectric layer and an adhesive
composition on the surface of an inner conductor to form
an adhesive coated cable core for the coaxial cable of

the invention.

FIG. 5 1s a schematic illustration of an
apparatus for applying a sheath and optionally a jacket

Lo an adhesive coated core to produce the coaxial cable

of the invention.
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FIG. 1 illustrates a coaxial cable produced’
in accordance with the present invention. The coaxial
cable comprises an inner cenductor 10. Preferably, the
inner conductor 10 is formed of a suitable electrically

L

conductive material such as copper. The inner
conductor 10 preferably has a smooth-walled surface and
18 not corrugated. As illustrated in FIG. l, the inner
conductor 10 can include a longitudinal weld 11 which

10 runs the length of the cable to form an inner
conductive tube,

Preferably, the inner cenductor 10 is made
from a metallic strip Sl formed into a tubular
coniiguration with the oppesing side edges of the

15 metallic strip butted together, and with the butted
edges centinuecusly jeined by a continuous longitudinal
weld, indicated at 11, preferably formed by a high
Lrequency induction welding process. While production
©f the inner conductor 10 by high frequency induction

20 welding has been illustrated as preferred, persans
skilled in the art will recognize that other methaods
for producing the inner conductor could alse be
employed such as other welding methods (e.g. gas
tungsten arc welding cr plasma arc welding),

25 cverlapping the metallie strip 81 or by providing a
previously formed, continuous metallic tube

The inner conductor 10 is supported in
bending by -a cylindrical plastic rod 12 adjacent the
inner surface of the innper conductor, The plastic rod

30 12 18 preferably formed of a material such as
polyethylene, polypropylene and polystyrene which will
support the imner conductor 10 in bending and
contribute to the overall compressive strength of the
cable. Furthermore, the plastic material of the

35 plastic rod 12 isg preferably stable in humid or wet
environmenta. The plastiec rod 12 =an be =2 sclid
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plastic material or an expanded closed cell foam
polymer material to prevent migration of water through
the cable. Additionally, the plastic rod 12 can be
supported by a central structural member 13 which
facilitates the formation of the plastic rod. The
central structural member 13 can include one or more
materials which when combined form a high tensile
strength support for the plastic rod 12. Suitable
materials for the central structural member include
reinforced plastic cords (é.g. Kevlaf”reinforced nylon-
cords and reinforced epoxy resin cords) and metal wires
(e.g. copper and aluminum wire). Although the use of a
central structural member 13 is preferred, the plastic
rod 12 can be a continuocus plastic rod having plastic

material continuously running from a central

longitudinal axis of the rod to the inner surface of

the inner conductor 10 or a hollow plastic rod having a
continuous portion adjacent the inner surface of the
innexr conductor and a void space adjacent-a central
longitudinal axis of the plastic rod. As shown in FIG.
1, the plastic rod 12 1is typically'adhesively bonded to
the inner conductor 10 by an adhesive layer 14. '
Exemplary adhesive compositions for use in the adhesive
layér 14 include random copolymers of ethylene and
acrylic acid (ERA copolymers) and other copolymers
which provide the desired adhesive properties.

The coaxial cable further comprises a
dielectric layer 15 which surrounds the inner conductor
10. The dielectric layer 15 forms a continuous
cylindrical wall of plastic dielectric material
adjacent the outer surface of the inner ¢ondUCtor 10.
The dielectric layer 15 is preferably a low loss
dielectric formed of a suitable plastic such as

polyethylene, pclypropylene, and polystyrene.

- Preferably, in order to reduce the mass of the

dielectric per unit length and hence reduce the
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dielectfic congtant, the dielectric material should be
of an expanded cellular foam compogition, and in
particular, a closed cell foam compoaition is preferred
because of its reaistance to moisture transmission.

5 Preferably, the cells of the dielectric 15 are uniform
in size and leas than 200 microne in diameter. One

suitable foam dielectric is an expanded high density

polyethylene polymer such as described in commonly

owned U.S. Pat. No., 4,104,481, issued Aug. 1, 1978.
10 Additionally, expanded blends of high and 1ow density
polyecthylene are preferred for use as the foam
dielectric. In order to reduce the dielectric constant
of the dielectrigc layer 15, the foam dielectric has a
density of less than about 0.28 g/cm’, preferably, less
than akout 0.22 g/cm’.

Although the dielectric layer 15 of the

invention generally consists of a uniform layer of foam

-
LN

material, the dielectric layer can have a gradient or
graduated denaity such that the densgity of the

20 dielectric increases radially from the inner conductor
1C tc the outaide surface of the dielectric layer,
either in a continuous or a step-wise fashion. For |
example, a foam-solid laminate dielectric can be used
wherein the dielectric layer 15 comprisea a low density

25 foam dielectric layer surrounded by a solid dielectrie
layer. These constructions can be used to enhance the
compressive strength and bending proverties of the
cable and permit reduced densities as low as 0. 10 g/cm’
along the inner conductor 10. The lower dengity of the

30 foam dielectric 15 along the inner conductor 10
enhances the velocity of RF signal propagation and
reduces signal attenuation.

The dielectric layer 15 is typically bonded

Lo the inner conductor 10 by a thin layer of adhesive
35 16 such as the EAA copolymer described above.

Additionally, the-cable can include a thin selid

SUBBTITUTE SHERT
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polymer layer 17 and another thin adhegive layer 16
which protect the outer surface of the imner conductor
10 as 1t 18 collected on reels as described below. As
illustrated in FIG. 1, the inner conductor 10, the
plastic red 12, the foam dielectric layer 15, the
optional aclid plastic layer 17, and the corresponding

adhesive layers form the cable core designated
generally as 20,

Ul

Closely surrounding the cable core 20 lg a
10 tubular metallic outer sheath 21. The aheath 21 is
gensrally characterized by being both mechanically and
electrically continucus and typically includes a
longitudinal weld 22, The'mechan§cal and electrical
continuity of the sheath 21 allows the sheatrh to
15 eflectively serve to machanically and electrically aeal
the cable against outgside influences ags well as to geal
the cakle againat leakage of RF radiation.
._ternatively, the sheath can be perforated to allow
controlled leakage of RF energy for certain specialized
20 radiating cable applicaticns. The tubular metallic
| sheath 21 ¢f the invention preferably employs a thin
walled copper sheath as the outer conductor. Moreover,
the tubular metallic sheath 21 has = wall thickness
selected so as to maintain a T/D ratio (ratio of wall
25 thicknesa to outer diameter) of less than 1.6 percent
and rreferably less than 1.0 percent or even 0.8
percent or lower. Preferably, the thickneses of the
metaliic sheath 21 ig less than 0,013 inch (0.33 mm) tco
provide the desired bending and electrical properties
30 of the inventicn., In adaition, the tubular metallic
sheath 21 is preferably Bmoocth-walled and not
corrugated. The smooth-walled censtruction optimizes
the geometry of the cahle ro reduce contact resistance

and variability of the cable when connectorized and =o
35 eliminate signal leakage at the connector.

Furchermoere, the smooth-walled sheaths 21 can generally
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be produced at a lower cost than corrugated sheaths.

The inner surface of the tubular sheath 21 isg
preferably continucualy bonded throughout ita length
and throughout its circumferential extent to the outer
surface of the dielectric layer 15 by a thin laver of
adhesive 23, Preferably, the adhesive layer 23
comprises a random copolymer of ethylene and acrylic
acid (EAA) as described above. The adheasive layer 23
ahould be mace as thin as possible so as to aveid
adversely affecting the electrical characteristics of
the cable. Desirably, the adhesive layer 23 should
have a thickness of about 0.0C1 inch (0.025 mm) or
less.

The outer surface of the sheath 21 is
generally surrounded by a protective jacket 24,
Suitable compesitions for the outer protective jacket
24 1nciude thermoplastic coating materials such as
polyethylene, polyvinyl chloride, polyurethane and
rubbers. Although the jacket 24 illustrated in Figure
1 conalsts of only one layer of material, laminated
multiple jacket layere may alsc be employed to improve
toughness, strippability, burn resisrtance, the
reduction of smoke generation, ultraviolet and
weatherability resistance, protection against rodent
gnaw through, strength resistance, chemical resistance
and/oxr cut-through resistance. In the embodiment
lllustrated, the protective Jjacket 24 is bonded to the
cuter surface of the sheath 21 by an adhesive layexr 25
to thereby increase the bending properties of the
coaxial cable. Preferably, the adhesgive layer 25 is a
thin layer of adhegive, such as the EAA copelymer
described above. Although an adhesive layer 25 ia
illustrated in FIG. 1, the protective Jacket 24 can
alsc be directly bonded to the outer surface of tha

sheath 21 to provide the desired bending properties of
the invention.

SUBSTITUTE SHEET
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FIG. 2 illustrates a suitable arrangement of
apparatus for producing the plastic rod 12 of the cable
shown 1n FIG. 1. Ae illustrated, a central structural
member 13 is advanced such as from reel 32. As stated

S above, the central structural member 13 can be a
reinforced plastic cord or a metallic wire and providee
structural support for the rod 12 and facilitates
production of the rod, The central structural member
13 18 advanced to an extruder apparatus 34 and

10 croashead die or similar device wherein a polymer
composition i1s extruded around the central structural
member 13 tc form the plastic rod 12. As described
above, the polymer compogition can be a nonfoamable or
toamable polymer composition~thereby forming a solid or

15 foam plastic rod 12, 1If the central astructural member
13 18 not used, the extruder apparatus 34 can be
adjusted to continuously extrude the polymer melt intc
elther a continuous cylinder or, through the use of a
vacuum sizer, into a hoellow cylinder. If a foamable

20 composgiticn 1s used, the polymer melt in the extruder
apparatus 34 is wnjected with a blowing agent such as
nitrogen to form the foamable pelymer composition. In
addition to or in place of the blowing agent, |
decomposing or reactive chemical agents can be added to

25 form the foamable polymer composition. In extrudasr
apparatus 34, the polymer melt is continucusly
pressurized to prevent the formation of gas bubbles in
the polymer melt. Upon leaving the extruder 34, the
reduction in pressure causes the foamable polymer

30 composition to foam and expand to form either =z
ccntinuous or hollow foam plastic red 12.

Alternatively, if a non-foamable compoR/ition is uaed,
the polymer material will harden and cool to form a
solid plastic rod 12.

35 In addition to the polymer composition
described above, .an adhesive composition is preferably

BUBSTITUTE SBHEET
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coextruded with the foamable polymer composition by the
extruder 34 to form adhesive layer 14. The adheasive
composition allows the plastic rod 12 to adhere to the
ianer conductor 10 thereby further increasing the
support of the inner ccnductor in bending. Preferably,
the adhesive composition is an ethylene acrylic acid
(EAA) copolymer. Extruder apparatus 34 continuously
extrudes the adhesive composition concentricaliy around
the poclymer melt. Although coextrusion of the adhesive
composition with the polymer melt is preferred, other
sultable methods guch as spraying, immersion, or
eXtrusion in a separate apparatue may also be used to
apply the adhesive compositicon to the plastic rod 12,
Alternatively, the adhegive compOSLtlon can be provided
on the innexr surface of the inner conductcer 10 thereby
forming adhesive layer 14.

After leaving the extruder apparatus 34, the
plastic rod 12 can be directed through an adhesive
drying station 35 such as a heated tunnel or chamber.
Upon leaving the drying station 35, the plastic rod 12
ancd surrounding inner conductor 10 is directed through
a cooling station 36 such as a water Ercugh. Water 19
then generally removed from the plastic rod 12 by an
alr wipe 37 or similar deviece. At this point, the
adhegive coated plastic red 12 can be ccllecred on
suitable containers, such as reels 40 priecr to being

manufacturing process illustrated in FIG. 3.
Alternatively, the plastic rod 12 and surrounding inner
conductor 10 can be continuously advanced through the

remainder of the manufacturing procees without being
collected on reels 40.
As illustrated in FIG. 3, the adhesive coaced

plastic rod 12 is drawn from reels 40 and stralightened

by advancing the plastic rod through a series of
Straightening rells 41. A narrow elongate strip 51
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from a suitable supply source such as reel 42 is then
directad around the advancing pléétic rod 12 and bhent
lnto a generally cylindrical form by guide reclls 43 so
as to loosely encircle the rod. Preferably, the strip
S1 is fcrmed of copper. Furthermore, as mentioned
above, the surface of the strip Sl corresponding to the
inner surface of the inner conductor 10 can be coated
with an adhesive compeoeition. Oppeaing longitudinal
edges of the thus formed strip S1 are then moved into
abutting relation and the strip is advanced through a
welding apparatus 44 which forms a longitudinal weid 11
by jeoining the abutting edgéa of the strip S1.
Preferably, high frequency induction welding i1s used to
form the longitudinal wéld 1l but other welding means
such gas tungsten arc welding or plasma arc we.ding can
be employed to join the opposing longitudinal edges of

the strip S1, or the strip can be overlapped around the

plastic rod 12.
The longitudinally welded atrip S1 forms an

inner conductor 10 locsely encircling the rod 12. 1In
the preferred high frequency induction welding process
described above, the longitudinal weld 11 of the 11ner
conductor 10 can then be directed against a scarfing
blade 48 which scarfs weld flash from the inner
conductor formed during the high frequency induction
welding process. If increased compresgive strength is
desired to prevent buckling, flattening or ccllapsing
of the inner conductor 10 during the scarfing process,
the lnner conductor can be formed into an oval
configuration priaor to directing the inner conductor
against the scarfing blade 48 and then reshaped into a

circular configuration.
| Orice the longitudinal weld 11 ie formed in

the sheath 21, the simultaneously advancing plastic rod
14 and the inner conductor 10 are advanced through at
least cne sinking die 50 which sinke the sheath onto
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the cable core and thereby causes compresaion of the
plastic rod 12. A lubricant is preferably'applled to
the surface of the inner conductor as it advances
through the sinking die 50.

Unce the inner conductor 10 has been formed
on the plastic rod 12, any lubricant on the outer
surface of the inner conductor is removed to increase

the ability of the inner conducter co bond to the
dielectric layer 1i5. An adhesive layer 16 can then be

formed onto the outer surface of the inner conductor 17
by advancing the plastic rod 12 and the gurrounding
inner conductor 10 through an extruder apparatus 52
where an adhegive composition such as an EAA copolymer
18 extruded concentrically onto the inner conducter to
form the achesive layer 16, In addition to the
adhesive layer 16, a thin solid plastic Layer 17 and
cptionally an adhesive compcesition faorming adheaive
layer 18 can be coextruded in the extruded apparatus 82
1f desired to protect the inner conducteor 10 when
collected on reels S4. Tre plagtic rod 12 and
surrounding inner conductor 10 can then be guenched and
dried, and collected on reels 54 befaore being further
advanced through the portion of the process lllustrated
in FIG. 4 or can be directly advanced through the -
portion of the process illustrated in FIG. 4.

AB lllustrated in FIG. 4, the plastic rod 12
and surrounding inner conductor 10 can he directed from
reel 54. The plastic rod 12 and surrcunding inner
conductor 10 are then advanced through an extruder
apparatus 6€ which applies a polymer composition uaed
te form the dielectric laver 15. Preferakly, a
foamable polymer composition is used to form the
dielectric layer 1S. In the extruder apparatus €6, the
components te be uged for the foam dielectric layer 15

are combined to form a polymer melt. The polymer
composition is preferably a foamable polymer
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compoaition therefcre feorming a foam dielectric layer
15. Preferably, high density pof?ethyleﬂe and low
density polyethylene are combined with nucleating
agents 1n the extruder apparatus 66 to form the polymer
melt. These compcounds once melted together are
subsequently injected with a blowing agent such as
nitrogen to form the foamable polymer composition. In
addition to or in place of the blowing agent,
decomposing or reactive chemical agents can be added to
torm the foamable polymer composition. In extruder
apparatusg 66, the polymer melt is continuously
pressurized to prevent the formaticn of gas bubbles in
the polymer melt. The extruder apparatus 66
continuously extrudes the pclymer melt concentrically
arcuna the advancing inner conductor 10. Upon leaving
the extruder 66, the reduction in pressure causes the
foamable polymer composition to foam and expand to form
a centinuous cylindrical foam dielectric layer 15

aurrounding the inner conductoer 10.
In addition to the foamable polymer

composition, an adhesive compogition such as an EAA
copelymer is preferably coextruded with the fcamable
polymer composition to form adhegive layer 23.
Extruder apparatus 66 continuously extrudes the
adhesive composition concentrically around the polymer
melt. Although coextrusion of the adhesive compasition
with the polymer melt is prelerred, other suitable
methods such as apraying, lmmeraion, or extrugion in a
Separate apparatus may also be used to apply the
adhesive ccmpositicn to the dielectria layer 15,

In order to produce low foam dielectric
densities along the inner conducter 10 of the cable,
the method described above can be altered to provide a

gradient or graduated dengity dielectric. For example,
for a multilayer dielecrric having a low density inner
foam layer and a high density foam or solid outer
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layer, the polymer compositions fcrming the layers of
the dielectric can be coextruded Logether and can
further be coextruded with the adhesive composition
forming adhesive layer 23. Alternatively, the

5 dielectric layers can be extruded separately using
successlive extruder apparatus. Other suitable methods
can also be used. For example, the Cemperature of the
inner conductor 10 may be elevated to increasge the size
and therefore reduce the density of the cells along the

10" 1inner conductor to form a dielectric having a radizglly

increasing density.
After leaving the extruder apparatus 66, the

adheaive coated core 20 may be directed through an
adhegive drying station 67 such as a Neated tunnel cor
chamber. Upon leaving the drying station 67, the core

4
LA

water tTrough. Water is then generally remcoved from the
core 20 by an air wipe 69 or similar device. ar this
point, the adhesive coated core 20 may be collected on

20 suitable containers; such as reels 70 prior to being
further advanced through the remainder of the
manufacturing process illustrated in FIG. 5,
Alternatively, the adhesive coated core 2C can be
continuously advanced through the remainder of the

25 manufacturing process without being collected on reels
70,

As illustrated in FIG. 5, the adhesgive coated
core 20 can be drawn from reels 70 and further
procegsed to form the coaxial cable. Typlcally, the

30 adnesive coated core 20 ig etraightened by advancing
the adhesive ccated core Chrough a series of
stralghtening rolls 71. A narrow elongate strip 352
from a suitable Supply source such as reel 72 is then
directed around the advancing core and bent inte =z

35 generzally cylindrical form by gulde rolls 73 g0 asg to
loosely encircle the cors. Preferably, tha strip £2 is
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formed of copper. Opposing longitudinal edges of <he
thus formed strip S2 are then moveéd into abutting
relation and the strip is advanced through a welding

apparatus 74 which forms a longitudinal weld 22 by

5 jeining the abutting edges of the strip §2. The
longitudinally welded strip forms an electrically and
mechanically continuous sheath 21 looceely surroundin
the core 20. Preferably, a gas tungsten arc weld is
tormed to join the opposing lengitudinal edges of the

10 stxip S2 but other welding methods such as plasma arc
welding or high freguency inducrcicn welding (coupled
witn scarfing of weld flash) can alsoc be used to form
the longitudinal weld 22 in the sheath 21.

Once the lengitudinal weld 22 is formed in

15 the sheath 21, tha gimultanecusly advancing cocre 20 and
the sheath are advanced through at least one ginking
die B0 which sinks the sheath ontoc the cable core and
thereby causes compression of the dielectric layer 15.
A lubricant is preferably applied to the surface of ~he

20 sheath 21 as it advances through the ginking die 80 .

Cnce the sheath has been formed on the cors 20, any
lubricant cn the outer surface of ‘the sheath is remcved

Lo increase the ability of the sheath to bond to the
protective jacket 24. An adhesive layer 25 and the

25 protective jacket 24 are then formed onte the outer
surface ¢of the sheath 21. In the pPresent invention,
the outer protective jacket 24 is provided by advancing
Che core 20 and surrounding sheath 21 through an
eXtruder apparatus 82 where a polymer composition is

30 extruded concentrically in surrounding relation to the
adheasive layer 25 to form the protective jacket 24.
Preferably, a molten adhesgive composition such as an
EAA copelymer is coextruded coneentrically in
Surrounding relation to the gheath 21 with the polymer

35 composition which is in concentrically surrounding
. relation to the molten adhesive compogsition to form the
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adhesive layer 25 and protective jacket 24. Where
multiple polymer lavers are used Eﬁ form the jacket 24,
the polymer cbmpositions forming the multiple layvers
may be coextruded together in surrounding relation and
with the adhesive compceition forming adhesive layer 25
to form the protective jacket. Additionally, a
longitudinal tracer atripe of a polymer compesiticn
contrasting In cclor tc the protective jacket 24 may be
coextruded with the pcolymer composition forming the
Jacket for labeling purposes.

The heat of the pelymer composition forming
the protective jacket 24 serves to activate the
adhesive layer 23 to form an adhesive bond between the
inner surface of sheath 21 and the outer surface of the
dielectric layer 15. Once the protective jacket 24 has
been applied, the ccaxial cable is subsequently
quenched t£o cool and harden the materials in -he
coaxial cable. Once the coaxial cable has been
quenched and dried, the thus produced cable may then be
coliected on suitable centainers, such as reels 84,
suitable for storage and sliipment.

The coaxial cables of the present lnventicon .
are beneficially designed to increase +=he bending
propercies of the coaxial cable. Specifically, the
Coaxial cables of the invention are qesigned to limit
buckling, flattening or collapsing of the inner
conductor 10 and the outer metallic sheath 21 during
bending of the cable, During bending of the cable., one
side of the cable ig Sﬁretched and aubject to tensile
9tress and the cpposite side of the cable ls compressed
and subject to compreassive stress. If the plastic rod
12 and core 20 are sufficiently stiff in radial
compression and the local compresslve yield locads of
the inner conductor 10 ang sheath 21 are sufficiently
low, the tensioned sidee 2f the inner conductor and
sheath will elongate by yielding in the longitudinal
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direction to accommodate the bendlng of the cable.
Accardingly, the compression msides of the innex
conductor 10 and sheath 21 preferably shorten =o allow
nending of the cable. If the compression sides of the

5 plastic rod and sheath do not shorten, the compresglive
stress caused by bending the cable zan result in
buckling of either the inner conductor or the shearh.

The polymer layers located on the compression

si1de and tension sides of the inner conductor 10 anrd

10 the outer metallic sheath 21 provide support for the
lnner conductcr and sheath in bending. Furthermore,
the adhesive layers 14, 16, 23 and 25 not only

tacilitate bonding between the polymer layers and the
inner conductor 10 and sheath 21 but further support

the inner conductor and sheath in bending. Therefore,
the plastic rod 12, the foam dielectric layer 15, and
Che corresponding adhesive lavers prevent buckling,
flattening or collapsing of the inner conductor 10 and

n

,..J

sheatn 21 during bending.

20 | I addition to increasing the bending
propertiles of the inner conductor 10, the plastic rod
12 provides other benefits in the coaxial cables of the
invention., Specifically, the plastic rod 12 allows a
thin strip of metal to be used as the inner conductor

25 10 1n the coaxial cables af the inventicn, and at a
lnuch lower cest tlan the corrugated inner conductive
tubing used in conventional high diameter cables
Furthermore, the plastic rod 12 can prevent or greatly
reduce the migration of water in the coaxial cable and

30 specifically within the inner conductor 10. The
adhesive layers and the fcam dieleccric layer 15 in the
cable alsc provide the henefit of preventing the
migration of water through the cable and generally
provide the cable with increased bending properties.

35 Moreover, because smooth-walled conductors can be uased
throughout the cablass of the invention, the cables can
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be easily connectorized during installation, especially
compared to similar cables having corrugated inner and
outer conductors. |

The ccaxial cables of the present invention
nave enhanced bending characteristics over conventional
coaxial cablses. The coaxial cabhles of the invention
are particularly useful in large diameter, low logsg
coaxlal cables having a sheath diameter cf 1.0 inches
(2.2 cm) or more. In these cables the s0lid inner
conducter used in conventional cables can be replaced
with an inner conductor 10. As high fresquency signals
are carried cn the outaside surface of the inner
conductor, this replacement does not decrease the
propagative properties of the cable. Moreover, the
bending properties of the cable are not decreased as
the inner conductor 10 isg supported in bending by the

plastic rod 12. Therefore, the amount of conductive

naterial is reduced and hence, so ie the cost of the
material used in the cable, Acceordingly, the coaxial
cables can be used far high Tequency RF applications,
€.2., 50 ohm applications. Although the coaxial cables
of the invention have found utility in large diameter .
cable applications, the coaxia® cables of the inventior
canl alse be used in smaller diameter cablesn, l.e.,
cables having a diameter of less than 1.0 inches (2.5
cm), te preduce the same beriefits described above,

A3 described above, the coaxial cables of the
lnvention have excellent bending properties. |
Specifically, the coaxial cables of the inventicn have

2 CoXe to sheath astiffness ratio of at least 5, and
preferably of at least 10. In addition, the minimum
bend radius in the coaxial cables of the invention is
significantly less than 19 cable diametera, more on the

order of abcut 7 cable diameters or lower.
Furthermore, the tubular sheath wall thickness of the
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its outer diameter (T/D ratio) 18 no greater than about
1.6 peréent and preferably no greéter than about 1.0
rercent, and more preferably no greater than 0.6
percent. The reduced wall thickness of the sheatn
5 centributea to the bending properties of the coaxial
cable and advantageously reduces the attenuation of RF
signals in the coaxial cablsas.
It 18 understood that upon reading the above
- description of the present inventicn, one skilled in
10 the art could make changes and variat:ions therefrom.
These changes and variations are insaluded in the spirit
and scope of the following appended c¢laims.
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HAT WHICH CLAIM

1. A coaxial cable comprising a cylindrical
5 plastic rod, an inner conductor Surrounding said plastic rod
and provided by forming a metal strip into a tubular .
configuration and longitudinally-welding or overlapping the
side\edges of the tubular strip, a foam polymer dielectric
layer closely surrounding the inner conductor, and a tubular

10 metallic outer sheath closely surrounding the foam polymer
dielectric laver.

2. The coaxial cable of Claim 1 wherein said

\metallic sheath has a diameter of more than 1.0 inches (2.5
15 cm). '

3. The coaxial cable of Claim 1 or 2 wherein the
ratio of the thickness of the metallic sheath to the outer

~diameter of the metallic sheath is no greater than 1.0
20 percent.

4. The coaxial cable of any one of Claims 1-3

wherein said inner conductor is adhesively bonded to the
plastic rod.

25

5. The coaxial cable of any one of Claims 1-4
further comprising a central structural member within said

cylindrical plastic rod such that said central structural
member supports said rod.
30 |

6. The coaxial cable of Claim 5 wherein said'

central structural member comprises a reinforced plastic
material or a metallic material.

35 7. The coaxial cable of any one of Claims 1-6

wherein said plastic rod is a closed cell foam plastic rod.
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8. The coaxial cable according to any one of
Claims 1-7 further comprising a solid dielectric between

said.foam polymer dielectric layer and sald sheath.

9. The coaxial cable according to any one of
Claims 1-7 wherein the density of said foam polymer
dielectric layer increases radially from said 1nner

conductor to said sheath.

10. The coaxial cable according to Claim 1
whérein said plastic rod 1s cylindrical, said inner
conductor is copper and-adhesively bonded to said plastic
rod, salid foam polymer layer is adhesively bonded to said
inner conductor, and said smooth-walled tubular metallic
outer sheath is copper, said coaxial cable further '
comprising a protective polymer jacket surrounding said

outer sheath and adhesively bonded thereto.

11. A method of making a éoaxial cable comprising
the steps of: -

advancing a cylindrical plastic rod along a
predetermined path of travel;

applying an inner conductor onto the plastic rod
and encircling the plastic rod by forming a metal strip into
a tubular configuration around the plastic rod and
longitudinally-welding or overlapping the side edges of the
tubular strip to provide the inner conductor;

extruding a foamable polymer composition onto the
inner conductor to form a cable core; and

forming a tubular metallic outer sheath onto the

cable core and encircling the cable core.
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12. The method according to Claim 11 wherein said
step of extruding a foamable-polymer composition onto the .
inner conductor to form a cable core comprises coextruding a
foamable polymer composition in surrounding relation to the
inner conductor, a solid polymer composition in surrounding
relation:to the foamable polymer composition, and an '

adhesive composition in surrounding relation to the solid

polymer composition.

13. The method according to any one of Claims 11-
12 wherein said step of extruding a foamable polymer
composition onto the inner conductor to form a cable core
comprises:

advancing the plastic rod and the inner conductor

surrounding the rod into and through an extruder and

extruding onto the innér conductor a foamable polymer

composition; and
causing the extruded polymer composition to foam

and expand to form a cable core comprised of an expanded

foam dielectric layer surrounding the advancing inner

conductor.

14. The method according to any one of Claims 11-
13 wherein further comprising the step of adhesively bonding

the inner conductor to the plastic rod.

. 15. The method according to any one of Claims 11-
14 further comprising, prior to séid step of advancing a
cylindrical plastic\rod,.the step of extruding a polymer
composition onto a central structural member to form a -

cylindrical plastic rod.
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16. The method according to any one of Claims 11-
15 wherein said step of advancing a cylindrical plastic rod

comprises advancing a closed cell foam plastic rod.

17. The method according to Claim 11 wherein said
advancing stép comprises advancing a cylindrical plastic rod
along a predetermined path of travel; said longitudinally |
applying step comprises advancing and forming an inner
conductive tube loosely encircling the-plastic rod, sinking
the inner conductive tube onto the plastic rod, and

adhesively bonding the inner conductive tube to the plastic

rod; sald extruding step comprises extruding an adhesive

composition around the inner conductive tube and extruding a
foamable polymer composition onto the adhesivecomposition
surrounding the inner conductive tube to form a cable core;
and said forming step comprises forming a tubular metallic
outer sheath loosely encircling the cable core and sinking
the sheath onto the cable core to cause compréssion of the

cable core to form a coaxial cable; said method further

- comprising the steps of forming a protective polymer jacket

around the sheath and adhesively bonding the jacket to the
sheath. ‘ -
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