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[57"] ABSTRACT 
A coaxial cable is provided with increased resistance 
to‘ slippage of the drain wire along a slippery conduc 
tive shield surface by undulating the drain wire and 
imbedding the corrugated drain wire in matching un~ 
dulated grooves in the outer insulating jacket and 
inner insulating layer. The grooves require the wire to 
charige shape and to follow a tortuous path in order to 
slip. Preferably, the coaxial cable is manufactured by a 
method including the steps of feeding a corrugated 
drairi wire, a web having a conductive shield and a 
cable having an insulating layer and a central conduc 
tor to a jacket extruding means which extrudes a plas 

jacket about the drain wire and conductive shield 
arid‘lsoftens and presses the drain wire into the inner 
insulating layer thereby forming undulating grooves in 
the-jacket and in the insulating layer with the undu 
late‘d' drain wire imbedded therein. 

4 Claims, 5 Drawing Figures 
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COAXIAL CABLE WITH AN UNDULATED 
- ' WIRE‘, ' - -1 

This invention relateswto a coaxial cable havinga 
drain wire in engagement with a conductive shield. 
Coaxial cables with one or ‘more drainwlires in en 

gagement with a conductive shield, usually a metallic 
foil shield, are used in numerous applications in which 
the drain wire is, subjected to a longitudinally directed 
force causing the drain wire to slip or slide along the 
slippery metal foil shield. Insome instances, thedrain 
wire actually separates from the cable, rendering the 
cable defective; and, in other instances, the drain wire, 
shifts to a point where it interferes with proper connec 
tion of the cable. Automatic insulation stripping ma 
chines apply forces causing a shifting. of the drainwire 
‘in these kinds of cables as a portion of the outer protec- ' 
tive jacket of the cable and a‘ portion of the conductive 
foil shield are severed and removed bythe machine. 
The shifting or pulling of the drain wires fromthese ca 
bles is more likely for very short lengths of cable. In 
tests of one commercially available coaxial cable hav 
ing No. 22AWG drain wires laid parallel to the cable, 
the drain wire‘has been pulled from a 16 inch length of 
such cable with longitudinally directed forces in the 
range of 0.7 to 4.0.pounds. Tests run on cables in which 
the drain wire has been laid with a spiral wrap about the 
insulated core, requiredonly slightly more force to pull 
the drain wire from thecable. However, with the coax 
ial cable of the present invention, increased resistance 

‘ to slipping and pulling of a drain wire ‘from a coaxial 
cable required, in similar tests, vat least 12 pounds of 
force and, in some instances, thedrain wire did not pull 
out with a 20-pound force and, in other instances, the 
drain wire broke ‘beforev it separated from the cable. 

In order for a coaxial cable ‘having a drain wire, 
which is more resistant to slippage, to be commercially 
practical and competitive, it should be capable of being 
manufactured at high speeds and without expensive 

. equipment. Generally speaking, spirally applied drain 
wiremay provide a few slight increase in the resistance 
to slippage of the drain wire, but the spiral laying ‘equip 
ment usually slows the speed of manufacture. As will be 

‘ explained, with the present invention,’ the coaxial cable 
may be manufactured at speeds faster than the speeds 
involved in manufactured cables within spirally laid 
drain wires. ‘ t > t ' 

Accordingly, a general ‘object of the present inven 
tion is to provide a coaxial cable of the foregoing kind 
having a drain wire with increased resistance to slip 
page and to provide a method of making such a cable. 

DRAIN _ 

2 
' As shown in the drawings for purposes of illustration, 

" the invention is embodied in a coaxial cable 11 having 
an internal conductor 12 for carrying electricalcur 
‘rent. The internal conductor '12 is surrounded byan in 
sulating‘ layer 15 which separates and electrically insu 

" lates the conductor 12 from a surrounding conductive 
' shield 17, preferably'in the form of a metallic foil. In 
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Other objects and advantages of the present inven- ' 
tion will become apparent from the following detailed 
description taken in connection with the accompanying 
drawings, in which: ., ‘ ‘ i '3 

FIG. 1 is a diagrammatic illustration of an apparatus 
for practicing a method of manufacture of a coaxial 
cable constructed in accordance with a preferred em; 
bodiment of the invention; ‘ i > - 

FIG. 2 is a perspective view of a cable with ‘the layers 
broken away and constructedin accordance with a pre 
ferred embodiment of the invention; ‘ 
FIG. 3 is a cross-sectional'view taken substantially. 

along the line 3-3, of FIG.v2;‘a1‘ld,,.. a ' ' 

I FIG. 4 is a ‘crossasectional viewof anotherwembodi-n, 
‘ ment of the invention. ' ' - * ' ~ » a 
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, I drainwire slippage may be manufactured commercially ' 

contact with the metallic surface ‘of the conductive 
shield 17 is at least one elongated drain wire 19. Sur 
rounding the drain wire 19, conductive shield 17, insu 
lating layer 15 and internal conductor 12 is an outer in 
sulating or protective jacket’ 21 of insulating material 
such as a ‘plastic. ’ ' ' ‘ 

Coaxial cables having a conductive shield with a 
drain wire in contact therewith have been used for nu 
merous applications in which a portion of the outer in 
sulating jacket 15 is stripped away at an end of the 
cable to expose the drain wire and often the internal 
conductor for attachment to a given terminal or device. 
Often the portion of ‘the outer jacket is stripped auto- ‘ 
matically from the cable by a machine which also sev 
ers the cable into a predetermined length, for example, 
a short piece of cable only several inches in length. 
‘Such automatic stripping machines often apply su'ffi- ' 
cient longitudinally directed ‘forces to the drain wire to 
cause it to slide along the slippery metallic surface of 
the conductive outer shield. Usually the conductive 
shield is alaminate of metallic foil and plastic with the 
plastic facing outwardly and slightly adhered to the 
outer extruded plastic jacket. In such cables, it has 
been found that the drain wire often slips or separates 
from the cablewith small forces, e.g., 0.7’ to 4 pounds 
of force; and there is a demonstrated need for im 
proved resistance to drain wire slippage without a sub 
stantial increase in ‘cost of such coaxial cable. 
Inaccordance with the present invention, the drain 

' wire 19 contacting the conductive shield 17 is formed 
with a series, of undulations 23 and it is imbedded in 
matched grooves 27 and 29 formed in the core layer'lS 
and jacket 21, respectively, with the peaks or crests 31 
and 32 of the respective grooves 27 and 29 resisting a 
longitudinally directed displacement of the undulated 
drain wire 19, as heretofore occurred when using an 
automatic stripping machine for prior art cables. More 
specifically, the undulated drain wire 19 which herein 
after is termed a corrugated drain wire 19, provides a 
signi?cantly greater resistance to pulling and slippage 
than does either a straight drain wire or a spirally laid 
drain wire of prior art cables of this general kind. For 
instance, tests indicate that a range of 12 to 20 pounds 

I or more of force are required to remove an undulated 

vdrain wire 19 from a 16-inch length of the cable 10 as 
contrasted to 0.7‘to 4.0 pounds for removal of a‘drain _ 
wire" of a prior art coaxial cable of 16 inches in length. 
This greater resistance is due to the fact that the corru 
gated drain'wire 19 must continually change its shape _; 
and follow a tortuous path de?ned by the spaced crests 
31 and 32‘and valleys therebetween if it is to travel lon 
gitudi‘nally relative to the jacket 21 and insulating layer 
15. Such change of shape of the drain wire metal and 
frictional resistance totravel along the tortuous ‘path 
result in the high resistance despite the fact the drain“ 
wire engages a slippery metallic surface on one side 

' thereof. ' 

" ‘In accordance with another aspect of the invention, I 
the coaxial cable 11 having increased resistance to 



3 
,at; speeds‘ and costs competitive with commercially 
available coaxial cables by a method which comprises 
the stepsof, as'best seen in FIG. _l,.~feeding a conductor 

7' .12; surrounded by the insulating layer 15 in a forward 
direction towards an extruder means 35, feeding an un 
dulated drair1,wire.19 forwardly to the extruder means i 

" ,35,_;_feeding.a web 37 having the conductive shield .17 
.forwardly for contact with the drain wire 19 and for 

I wrapping about the insulating layer 15, extruding a sur 
rounding jackett21 of insulating. material about the web 
3?, undulated drain wire 19 and insulating layer 15 at 
‘the extruderirneans 35, and applying sufficient heating 
and pressure during the extruding stepto form an un 
dulatlin’gagroove v27 in the insulating layer 15 and a 
'rnatrchediundulating groove 29in the jacket 21 thereby 
progidingresistanceagainst pulling of the drain wire 19 
from the ‘cable. In .‘the' preferred method, a straight 
:d'rain wire 41 isunreeled froma reel or let-off 43 and 
travels forwardly to a pair, of meshed gears 45 and 47 

and corrugatelthe drain'vwire with a ?xed 
number ‘and a’fixed amplitude of undulations in the 
drain Jwire. Also, ;in accordance with the preferred 
method, the ‘web 37 having the conductive foil layer 17 
thereon .is fed with this layer facing inwardly for 
contact with the drain wire 19 which issandwiched be- . 
tween the web 37 and the insulating layer 15 in this em 
bodinvient of ‘the invention. 1 ' > 
u..-Refelrrinlgynow in'igreater detail to the speci?c em 
bodiment of theinvention and to the coaxial cable 
‘shown in FIG. ,2, the inner conductor 12 is formed of 
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the conductive shield ,l7,~which is so light andthin in 
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,copper‘or ‘other. suitable conductive material. The cen- ' 
‘.tral conductor illustrated herein, is solid and circular in 
cross ‘section although it may be stranded or formed in 
other cross sectionsn-The central conductor may vary 
considerably in size", and it is generally flexible, 'as the 
,entire cable ;11. 
;. :. For'the purpose of insulating the central conductor 
12, the core or layer-15 of insulating material surrounds 
~.the.conductor The insulating layer 15 is usually ex 
truded about the conductor and is preferably a plastic 
.material such as polyethylene or polyvinyl chloride. 
i-l-ijereimithe insulating layer is a solid, single layer al 
k-ithough otherv materials, and composite layers may be 
.usecl for insulating the internal conductor 12. The insu 
iat?ingflayerjlS is oft‘annular cross section and extends . 
‘longitudinally the ilengthof the cable with its interior 
.surface 46in direct intimate contact with the outer sur 
tfaceiolf the conductor 12. I 
., Theiheat. and pressure during the extruding of the 
._,'jacket‘21 within the extruder means 35lsoftens the in- I 
‘suiating layer 15 and causes the formation of the undu 
__lated .‘groove27 in outer surface 47 of the insulating 
layer 15,-the surface 47 being smooth prior to the 
pressing of the .drain wire therein. As it is the drain wire 
itself which is pushed into the outer surface 47 of the 
heated insulating layerv while in the-extruder head, the 
undulations of the groove 27 match the undulations in 
drain wire'19and in the groove‘, 29 which is being 
,formed' simultaneously herewith. ‘Herein, ‘it preferred 
.that. the drain wire 19 be disposed directly against‘the 
surface 47 of the insulating layer-15 and‘ that conduc 
.tive shield 17 is between the drain wire and the jacket 

The web 37 is so thin and pliablethat it readily con- ' 
‘forms to the undulated drain wire when the extruding 
plastic. for the jacket 21 is pushing the web 37,‘ tocon 
formto the shape of the drain wire. On the other hand, 
‘the drain ,wire19 may be applied tothe exterior side of 
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nature, that'the .d'rainwire would still form the groove 
27 in the heated and softened layer 15 when it is in the 
extruder means 15. In any event, the drain wire 19 
bearsdirect contact with the. crests of only one of the 
grooves 27 and v29 'in ‘either plastic'layer 15 or the 

' jacket 21 and is effected by the groove in the other 
layer although the conductive layer 17 is between the 
drain wire and the other layer.’ ' ‘ 

In ‘the illustrated embodiment of the invention, the 
'drain wire 19 is disposed internally of the conductive 
shield 17 and is formed ‘with uniformly spaced undula 
tions,‘ for example,‘ 8' per inch. The number of undula 
tions per inch for the drain wire may be varied from 
eight; illustrated‘ herein. The amplitude, that is, the 
height from crest to crest of the undulations may be 
varied considerably; In ‘one of the examples of a coaxial ' 
cable‘given hereinafter, the crest-to-c'rest height, i.e., 
amplitude, is about 0.037 inch whereas in the other‘ex 
ample, the height is about one-half of that, viz., 0.019 
inch. The undulations are preferably small in amplitude 
in order to maintain a circular cross section cable when 
a relatively thin jacket 21 has been applied thereto. 
Usually, the end users prefer‘a cable which has a circu 
lar cross section. .I-Ierein, the drain wire 19 is laid 

. against the'insulating layer 15 with the crests being. in. 
a plane tangential to the circumferential surface of the 
insulating layer at the timev of entering the extruder 
"means 35 rather than being pointed radially inwardly 
toward‘ the central conductor. The usual materials may 
be used for the drain wire 19, for instance, a No. 26 
.solid copper drain wire or a No.22’. stranded. and 
zbunched~tinned drain wire.- Of course, other sizes, 

- shapes and conductivematerials may be used for the 
drain wire formation. . -, _ . 

The conductive shield 17 is preferably comprised ‘of 
a ?exible foil formed by laminating a thin ?lm of-alumi 
mum to one side of a thin insulating tape such as poly 
ethylene or other plastic. When the web 37 is wrapped 
about the insulating layer 15, the ‘opposite. longitudi 

' nally extending edges 51 ‘and 53 are overlapped as 
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shown in FIG. 2 with the metal surfaces 53 in contact 
to provide a complete shield or shorted, turn about the 
interior conductor 12. If desired, another metallic con 
ductive shield in the form of a foil may be applied to the 
outer side of the insulating tape. I i 

I The outer jacket 21 which is formed by extrusion at 
the extruding means 15 may be formed of a number of 
materials, but preferably is a plastic material such as 
polyvinyl chloride or polyethylene. In the specific ex 
amples given, hereinafter, the jacket 21 has a wall of 
0.24 inch thickness of‘polyvinyl chloride with an outer 
diameter of 0.251 inch for the ?rst cable and a 0.15 
inch wall of polyvinyl. chloride for the smaller cable 
having a 0.077 inch outer diameter. The undulations 
formed in the outer jacket 21 are in. its inner’circumfer 

_ vential surface 55.which is in direct contact with the 
plastic tape side of the conductive shield 17 in this illus 
trated embodiment of the invention. As the jacket ma 
terial flows around the drain wire, the extruder tip 
forces the drainrwire 19 radially inwardly in the vlayer 
15 because 'of the heat and pressure being applied and 
the softening of the layer 15. The extruder tip and ex 
truding plastic also forms the'foil aboutthe drain wire 
19. Because both the grooves 27 and 29 are formed si 

, multaneously by the drain wire 19 itself, they’ are well 
I matched, each having a portion of the undulated drain 
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wire imbedded, i.e., projecting therein in generally the 
same manner. 

To provide a signi?cantly fast method of forming the 
cable 11, it is preferred that internal-conductor 12 and 
its insulating layer 15 have been previously manufac 
tured to provide an insulated composite conductor 
being unwound from a reel 57 and it is stripped there 
from and fed forwardly, usually in a continuous manner 
toward a conventional extruder head within the extrud 
ing means 35. The composite conductor 56 merely 
comprises the ‘internal conductor 12 and the insulating 
layer 15. Simultaneously, a straight drain wire 41 is fed 
from the drain wire let-off or reel 43 to the pair of ro 
tatable gear undulators 45 and 47 where, as the drain 
wire 41 passes between the meshed gears, undulations 
are generated therein to form the undulated drain wire 
19 which is then fed past suitable guides 59 to a posi 
tion against a side of the insulating layer 15 of the com 
posite wire for travel simultaneously therewith for 
wardly to a position at which it is joined by the tape 37 
which is also fed from a suitable tape let-off or reel 
means 61. A second drain wire may be corrugated and 
fed to the opposite side of the composite conductor in 
this same manner. The web 37 also travels forwardly 
continuously at the same speed as the composite wire 
and drain wire 19, and in a well-known manner has one 
of its longitudinally extending edges 53 bent back to 
engage the other metallic edge 51 of the shield to form 
the shorted turn. Thus, the shield 17 has a longitudi 
nally extending seam formed prior to entry into the ex 
truding tip (not shown) which applies simultaneously 
heat and pressure with the extruding of the jacket ma 
terial which presses the drain wire 19 into the surface 
47 of the insulating layer 15 to form the groove 27. Si 
multaneously, the matching groove 29 on the other side 
of the drain wire 19 is being formed in the outer jacket 
21. It is to be understood that the term “matching” for 
the grooves 27 and 29 refers to the general con?gura 
tion and alignment and that they need not be exactly 
equal in all respects. 
This particular method is found to be quite economi 

cal with the use of the usual extrusion temperatures of 
the jacket 21 being about 340°F. to.370°F. in the ex 
truder means 35. .T he supply reels 43 of drain wires 41 
can be considerably larger than the reels of spiralling 
machines which supply reels with drain wire and it has 
been found that without this spiralling equipment that 
the undulated drain wire may be fed faster through the 
extruding head. It will be appreciated that additional 
drain wires may be provided. Also, the undulated drain 
wire provides a short portion at the stripped area 
which, when straightened, lengthens slightly for assist 
ing in making connections in an easier manner than 
when a straight drain wire, which doesn’t lengthen, is 
used. As examples of the invention, coaxial cables have 
been constructed in accordance with the following di 
mensions: 

Cable No. 1 
Core diameter 
Drain wire size 

= .136" Polyethylene 
= No. 22 stranded and bunchtinned 

Shield = Aluminum-Polyester-Vinyl .00085” X %" 
Jacket = .024" wall - .215" dia. PVC 
Undulations 
Frequency = 8 per inch 
Crest to Crest = .037" i .005" amplitude 
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Cable No. 2 
Core diameter 
Drain wire size 

= .028” PVC 
= No. 26 solid copper 

Shield = Aluminum-Polyester-Yinyl .00085" X V4" 
Jacket = .0l5" wall — .077" dla. PVC 
Undulations _ 

Frequenc = 8 per inch . 
Crest to rest = .0 9" i .003" amplitude 

These examples are exemplary only, as coaxial cables 
falling within the purview of the invention may be made 
with other dimensions and materials. 
Another embodiment of the invention is illustrated in 

FIG. 4 which is similar to the embodiment disclosed in 
FIGS. 1-3 except that the metallic conductive shield 
17a faces outwardly and engages the jacket 21a and 
that the undulated drain wires 19a are disposed out 
wardly of the conductive shield 17a. The undulated 
grooves 29a and 27a are formed in the jacket 21a and 
insulating layer 15a and function, as above'described, 
to limit slipping of the drain wires. 
From the foregoing, it will be seen that the present 

invention provides an improved coaxial cable having 
drain wires disposed in contact with a slippery conduct 
ing shield but interlocked with the outer jacket and the 
inner insulating layer in a manner that greatly increased 
forces are required to pull or slip the drain wires. Also, 
it will be seen from the foregoing that there is provided 
a quick and economical method of making ‘a cable 
within a drain wire having increased resistance to slip 
ping in a cable of this kind. 
While a preferred embodiment has been shown and 

described, it will be understood that there is no intent 
to limit the invention by such disclosure but, rather, it 
is intended to cover all modi?cationsv and alternate 
constructions falling within the spirit and scope of the 
invention as de?ned in the appended claims. 
What is claimed is: , . j 

l. A coaxial cable having a drain wire with resistance 
to slipping comprising an elongated central conductor 
extending longitudinally of the cable, a surrounding 
layer of insulating material in contact with said central 
conductor, a conductive shield surrounding said layer 
of insulating material and in contact therewith; an 
outer surrounding protective jacket of insulating mate 
rial disposed about said conductive shield, an undu 
lated drain wire in contact with said conductive shield 
and having a number of undulations and disposed be 
tween said jacket and said insulating layer, an undulat 
ing groove formed in said insulating layer and having 
one side of said undulated drain wire projecting 
therein, and an undulating groove formed in said jacket 
receiving the other side of said drain wire therein. 

2. A coaxial cable in accordance with claim 1 in 
which said undulated drain wire extends longitudinally 
and parallel to said central conductor, said drain wire 

. being disposed inwardly of said conductive shield and 
in direct engagement with said groove formed in said 
insulating layer, said conductive shield comprising a 
longitudinally extending laminate with a metallic foil 
and an outer plastic layer in engagement with said 
jacket. 

3. A coaxial cable in accordance with claim 1 in 
which said drain wire extends longitudinally and paral 
lel to said central conductor, said drain wire being dis 
posed radially outwardly of said conductive shield and 
with said drain wire in direct engagement with said 
groove in said jacket. 

4. A coaxial cable in accordance with claim 1 ‘in v I ' 
which said drain wire is formed with undulations of 
about 8 per inch and in which said grooves also are 
formed with eight undulations per inch. 

* * * * * 


