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ABSTRACT OF THE DISCLOSURE 
An air dielectric coaxial cable includes a thin cylin 

drical center conductor supported by a concentric plastic 
insulating layer having a plastic helical web thereabout. 
The cable is fabricated by forming a tubular center con 
ductor of a thin metallic foil or tape, and employing a 
rotary die to extrude the requisite insulating layer and 
web thereon. 

This invention relates to apparatus for fabricating co 
axial cables. 

Typically, prior art coaxial cables employ relatively 
rigid, shape-retaining, preformed center conductors of 
solid or tubular cross section. To produce a uniform spac 
ing between the inner and outer cable conductors, insu 
lating material, illustratively of a solid or spiral form, 
is extruded onto the preformed center conductor. Pro 
duction of such cables therefore requires the distinct op 
erations of preforming the inner conductor, and adhering 
the desired insulating material thereto. Further, cables 
formed in such a manner require a relatively large amount 
of metallic material to embody the requisite relatively 
rigid shape-retaining center conductor. 

It is therefore an object of the present invention to pro 
vide an improved apparatus for fabricating coaxial cable. 

It is another object of the present invention to provide 
an apparatus for forming a coaxial cable wherein the 
cable center conductor is formed from strip material into 
a tubular geometry coincident with an insulation extrud 
ing operation. 

In accordance with the principles of the present inven 
tion, extrusion apparatus includes a feeding arrangement 
of any conventional type for directing a plasticized resin 
ous material under pressure to an extrusion die. The ex 
trusion die is formed with a main ori?ce adapted to ac 
commodate passage of the tubular center conductor on 
which a concentric insulating layer and an associated web 
are to be formed. Flat metallic tape is fed to the main 
ori?ce of the extrusion organization via an input forming 
die adaptd to convert the tape to the desired cylindrical 
geometry. 

Intersecting this main ori?ce and extending radially 
outwardly therefrom is a web-extruding sub-ori?ce. This 
sub-ori?ce, at least where it opens through the exit end 
of the die, exhibits a shape of the desired cross section 
of the helical web, preferably rectangular. The outer 
periphery of the sub-ori?ce terminates short of the outer 
extremity of the die, so that both the main and sub 
ori?ces are completely contained within and de?ned by 
the extrusion die. The extrusion die is held in a die car 
rier which is mounted about the tubular center conduc 
tor in the main ori?ce, and a driving mechanism is pro 
vided to rotate the die carrier, and hence the extrusion 
die. 
The metallic tape is continuously supplied through the 

forming and extrusion dies by a transport arrangement. 
The ?at tape is ?rst converted to tubular form in the in 
put forming die, and the resinous material is then ex 
truded through the sub-ori?ce and the area in the main 
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ori?ce surrounding the center conductor to respectively 
form the concentric insulating layer with its attendant 
helical Web about the center conductor. To impart the 
helix form to the web, the extrusion die is rotated during 
this lengthwise movement of the newly formed center 
conductor. 
The pitch of the resulting helical web is determined by 

the rotary speed of the extrusion die relative to the linear 
speed at which the transport arrangement conducts the 
center conductor through the main extrusion ori?ce. Ac 
cordingly, the pitch of the helix can be varied as desired 
by varying the ratio of these two speed. 
The above and other objects and features of the pres 

ent invention will be apparent from the following detailed 
description of an illustrative embodiment thereof pre 
sented hereinbelow in conjunction with the accompanying 
drawing in which: 
FIGURE 1 is a partially cutaway perspective view of 

an electrical coaxial cable produced in accordance with 
the principles of the present invention; 
FIGURE 2 is a cross sectional view of the coaxial 

cable shown in FIGURE 1; 
FIGURE 3 is a schematic illustration of an extrusion 

system, including control apparatus, made in accordance 
with the present invention; 
FIGURE 4 is a vertical, longitudinal, sectional view 

of the forming and extrusion apparatus schematically 
shown in FIGURE 3; 
FIGURES 5A and 5B are partial cross sectional views 

illustrating the extremities of forming apparatus depicted 
in FIGURES 3 and 4; and 
FIGURE 6 is a sectional view taken along lines 6-6 

in FIGURE 4. 
Referring now to FIGURES 1 and 2, there is illustrated 

an air dielectric coaxial cable 10 including a thin metallic 
tubular center conductor having overlapping edges 12 
and 13. The conductor 11 is adhered to, and is physically 
supported by a concentric insulating plastic layer 14 hav 
ing as an integral portion thereof a helical web 16, with 
the web 16 spiraling about the layer 14 in the direction of 
the overlap 13—12. The Web 16‘ serves to further provide 
mechanical support and rigidity for the thin tape center 
conductor 11, and also functions to maintain the center 
conductor 11 in a uniform, concentric relationship with an 
outer conductor 18. 
The term “conductor" as used herein refers to an elec 

trical conductor of any conventional material having high 
conductivity, such as copper or aluminum. 
The system arrangement for fabricating the coaxial 

cable 10 of FIGURES 1 and 2 is schematically illustrated 
in FIGURE 3 and includes a source 60 for supplying a 
thin metallic tape, e.g., a rotatable reel thereof. The tape 
11 is passed through a shaped passage in an input forming 
die 70 which converts the tape from its initial ?at form 
into a tube having overlapping edges. The tape 11 is pulled 
by an appropriate transport mechanism described below. 
The thin tubular electrical center conductor 11 is pulled 

through extrusion apparatus 22 wherein the circuilar in 
sulating layer 14 and the helical web 16 are extruded 
thereon. The conductor, insulating layer and web combina 
tion 11-14-46 is then passed through a conventional cool 
ing apparatus, such as a water trough 24 to impart the 
?nal solid state to the insulating layer 14 and the web 16. 
Removed from the cooling apparatus 24 is a transport 
mechanism 26 for translating the conductor 11. Any con 
ventional transport mechanism 26, such as a tractor cap 
stan, may be employed. The transport mechanism 26 feeds 
the insulated composite center conductor to a receptacle 
28, e.g., a take-up reel. 
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So that the helical Web 16 will have a uniform pitch, a 
coordinating speed control 30 is employed to control the 
relative speeds of the transport mechanism 26 and the 
extrusion apparatus 22. The control 30 is of any known 
type which, in response to any increase or decrease in 
the speed of one such element, results in a coresponding 
relative change in the speed of the other, so that the rela 
tive speeds of the rotary extruder 22 and the transport 
mechanism 26 are maintained essentially constant. The 
control 30 may be adapted to provide different ratios for 
the two speeds to provide a helical web of any desired 
pitch. This adjustment may be effected automatically ac 
cording to a predetermined pattern when it is desired to 
vary the pitch of the helical web from time to time dur 
ing a continuous run. 
FIGURES 4 through 6 illustrate in detail the composite 

extrusion apparatus 22, including the forming die 70, 
which were schematically shown in FIGURE 3. The die 
70 includes a forming passage 71 therethrough which con 
tinuously varies from the metallic tape 11 receiving ?at 
slot shown in FIGURE 5A to the center conductor tubular 
forming exitway illustrated in FIGURE 5B. Further a rod 
80, with a ?ared end, may advantageously be a?ixed to 
the forming die 70. To preserve the clarity of the drawing, 
the rod 80 is shown only in FIGURE 6. Accordingly, when 
the metallic tape 11 is drawn through the forming die 70 
by the transport mechanism 26, the tape is continuously 
bent by the passage 71 into the requisite overlapping cir 
cular form shown in FIGURE 2, and transported down 
the length of the rod 80‘ which functions to retain the tape 
11 in such tubular shape, and to inhibit such formed tape 
from collapsing. The ?ared rod end comprises a further 
aid to retaining the circular form of the center conductor 
and, as will become more clear from the following, presses 
the tape against the extruded insulating layer 14 to en 
hance the adhesion therebetween. 
The extrusion apparatus 22 includes therein a block 32 

containing a cylindrical member 33 and forming there 
with an annular cavity 34 for receiving a plasticized res— 
inous insulating material to be extruded. Any conventional 
non-conductive thermoplastic or thermosetting material 
such as any of the polyole?ns, crosslinked or not, such as 
polyethylene, polysulfone, or polytetra?uoroethylene, may 
be used. The material is supplied by a standard feeding or 
ganization, such as a feed screw 36 which forces the ma~ 
terial through the cavity 34 and into the adjacent entrance 
end of an extrusion die 38. 
The extrusion die 38 is formed with a center extrusion 

ori?ce 40 which receives the center conductor 11, and 
provides suf?cient, uniform spacing therearound to supply 
the desired thickness of insulating material to form the 
layer 14. Extending radially outward from the center ori 
?ce 40 is a rectangular sub-ori?ce 42 through which the 
resinous material for the web 16 is extruded. The dimen 
sions of the apertures 40 and 42 are made slightly larger 
than the corresponding desired dimensions for the insulat 
ing layer 14 and the web 16, respectively, in order to allow 
for shrinkage when the layer 14 and the web 16 cool and 
solidify in the bath 24. The extrusion die 38 is supported 
within a die carrier 44 and is adapted to be rotated with 
its carrier, as through a key 45. The die carrier 44 is locat 
ed in a cavity 46 formed in an extension of the block 32 
and is supported for rotation therein by antifriction bear 
ings 48. In order to impart rotary motion to the die car 
rier 44 and its extrusion die 38, a drive sprocket 50 is se 
cured to the die carrier by any conventional means, such 
as by bolts 52. The drive sprocket is adapted to be driven 
by a variable speed motor 53 through a suitable connec 
tion 54. 
The formed electrical center conductor 11 is drawn 

along the shape supporting rod 80 and passes through the 
center of the main ori?ce 40 in the extension die 38. The 
die 38 has a conical cavity 39 therein forming an inlet to 
the extrusion ori?ces 40 and 42. The block 33 has a similar 
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4 
1y tapering end 57 centrally located in the die cavity 34 
so that the extruded plastic material is forced from the an 
nular cavity 34 through the tapering annular passage sur 
rounding the block end 57, and thence through the main 
ori?ce 4t} and, coincidentally therewith, through the sub 
ori?ce 42. 

In forming the insulating layer 14 and the helical web 
16, the conductor 11 is pulled by the transport mecha 
nism 26 lengthwise through the extrusion die 38. Simul 
taneously therewith, the resinous material is fed by the 
screw 36 to the extrusion die 38 and is extruded circum 
ferentially about the center conductor 11 via the main 
ori?ce 40. At this time also, the resinous material is ex 
truded through the rotating sub-ori?ce 42 into the form 
and a radial helical web having its inner edge at the outer 
periphery of the layer 14, since this sub-ori?ce intersects 
the main ori?ce 40 through which the conductor trans 
lates. The relatively soft plastic insulating material 14-16 
adheres to the fragile center conductor tape 11 during 
and after the extruding operation, imparting mechanical 
rigidity and shape stability thereto following translation 
of the tubular center conductor 11 past the supporting 
rod 80. 
The spacing of the convolutions of the helix, i.e., the 

pitch thereof, is determined by the speed at which the 
conductor 11 passes through the die 38 relative to the 
speed at which the die is rotated. With a ?xed speed of 
conductor movement, an increase in rotational speed of 
the die 38 decreases the helix pitch. Conversely, an in 
crease in speed of conductor movement increases the 
helix pitch. Accordingly, coordinating speed control 
means 30 can be programmed or manually adjusted to 
provide any desired pitch by merely varying the rela 
tive speeds of the transport mechanism 26 and the die 
38 rotating motor 53. It is also necessary to control the 
rate that the insulating material is fed to the die 38 in 
order to provide uniform insulation thickness. For ex 
ample, if the conductor movement or the die rotation de 
creases to any large extent, it is necessary to similarly 
decrease the rotational speed of the feed screw 36 in 
order to avoid feeding the material at an excessive rate to 
the extrusion ori?ces 40 and 42. The speed control of the 
feed screw 36 is coordinated with the operation of the 
transport mechanism 26 and the variable speed motor 53 
by the speed control element 30. 

It is noted that any desired web shape can be provided 
by merely varying the cross section of the extrusion 
ori?ce 42. Similarly, various size conductors can be ac 
commodated by interchanging the forming die 70 with 
its attached rod 80, and the extrusion die 38. 

Also, the‘ drive motor 53 is preferably adjusted to 
rotate the extrusion die 38 in the direction of the center 
conductor overlap 13-12 shown in FIGURE 2, i.e., in 
the direction de?ned by the upper overlap tape edge 13 
(counterclockwise as viewed in FIG. 6). Such a rela 
tive direction of rotation assures a ?xed amount of over 
lap between the center conductor ends 12-13, and there 
fore a ?xed diameter for the center conductor 11. These 
parameters would otherwise be subject to variation when 
perturbations in the extruding pressure are encountered. 

It is to be understood that the above-described arrange 
ments are only illustrative of the principles of the present 
invention. Numerous other arrangements may be devised 
by those skilled in the art without departing from the 
spirit and score of the invention. For example, if it is 
desired to obviate the overlap 13-12 in the cable center 
conductor, a tape 11 characterized by edges having mat 
ing notched surfaces may be employed. 
What is claimed is: 
1. In combination in an organization for forming a 

coaxial cable employing thin metallic tape for the cable 
center conductor; means for forming said tape into tubu 
lar cross section; an extrusion die including a mainori?ce 
through which the tape in tubular form is transported, 
a sub-ori?ce intersecting said main ori?ce and extending 
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generally radially outward from said main ori?ce, and 
an inlet to said main ori?ce and said subori?ce; means 
for supplying plasticized resinous insulating material un 
der pressure to said inlet in said extrusion die; and means 
for rotating said extrusion die about said tubular metallic 
tape; said sub-ori?ce extending through the die parallel 
to the axis of its rotation, said main ori?ce in said ex 
trusion die being larger than the cross section of said 
tubular formed tape, such that a layer of resinous material 
is extruded about said tape via said main ori?ce, and 
wherein a resinous helical web is extruded about said 
tape and said resinous layer via said sub-ori?ce, the 
pitch of the helical web being determined by the rota 
tional speed of the die relative to the speed at which the 
tubular tape is transported through the die. 

2. A combination as in claim 1 further comprising 
transport means for translating said formed tape through 
said main ori?ce. 

3. A combination as in claim 1 wherein said tape form 
ing means comprises a forming die. 

4. A combination as in claim 3 wherein said forming 
die includes a passage therein which continuously varies 
in geometry from a ?at slot at a tape input end to tubular 
form at a tape exit end. 

5. A combination as in claim 3 further comprising rod 
means adjoining said forming die for transporting and 
retaining the tubular form of said formed metallic tape. 
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6. A combination as in claim 1, in which said material 

supplying means include a member de?ning a ?rst pas 
sage for leading the material to said die inlet, said mem 
ber also forming a second longitudinal passage sur 
rounded by said ?rst passage and aligned with said main 
ori?ce of the die, said tape forming means having a tape 
passage aligned with and opening into one end of said 
second longitudinal passage, whereby said forming means 
and second passage guide the tape longitudinally to said 
main ori?ce. 
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