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(71) We, WESTERN ELECTRIC
COMPANY, INCORPORATED of 222
Broadway and formerly of 195 Broadway, New
York City, New York State, United States of
America, a Corporation organised and existing
under the laws of the State of New York,
United States of America, do hereby declare
the invention for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be particu-
larly described in and by the following
statement ; —

The invention relates to a dual jacketed
cable.

In metropolitan areas it is not uncommon
to run communications cable in ducts under-
ground whereat steam lines are located
adjacent to ducts. The temperature of the
steam lines may have an adverse effect on the
communications cable. For this reason it is
incumbent upon cable manufacturers to pro-
vide a cable having a protective jacket which
is capable of with ing those temperatures
destined to be encountered in the ducts.

In the past, polyethylene-jacketed, lead
shiclded cables were used in these environ-
ments. Not only was this arrangement very
costly, but the outer layer of polyethylene
when exposed to high temperatures for a
long period of time tends to develop cracks.
Cables having a polyethylene jacket extruded
over a soldered seam steel shield have also
been used. However, in cables of this latter
construction, the soldered seam is not gener-
ally continuous. Since cables of this type are
usually under a slight gas pressure, e.g., 0.7
Kg/cm?, the discontinuities in the sealed seam
causes the gas pressure to be exerted on the
polyethylene jacket thereby leading to a pos-
sibly rapid degradation.

. One prior art design includes a cable core
having a corrugated memllic layer for pur-
poses of withstanding stresses due to bending
of the cable during installation and covered
with a jacket comprised of a polybutylene
material, It was found that the polybutylene
material was capable of withstanding those

kinds of temperatures destined to be encoun-
tered in the underground duct system. How-
ever, it was also found that the polybutylene
exhibits reduced stress resisting capability
because of the corrugation imprint from the
metallic layer. As a result, it was not un-
common for the outer jacket to crack during
installation of the cable, At that time, the
cable was bent in a curved configuration with
rather sharp radius bends and with the corru-
gation imprint causing the reduced thickness of
the cable jacket to be rendered incapable of
withstanding the stress encountered. This prob-
lem becomes more acute during cold weather
installation since the mechanical properties of
polybutylene begin to change below a temper-
ature of approximately 4°C.

One of the problems encountered in apply-
ing a single polybutylene jacket directly over
the metallic layer is related to the curing time
for the polybutylene which typically may be
in the range of 14 days. Within four days, for
example, the density changes from 0.88
grams/cm® to 0.91 grams/cn®. If the poly-
butylene jacket engages the corrugations, it
shrinks and becomes spaced from the corruga-
tions, non-uniformly along the contour of the
corrugations.

Moreover, after the jacket is extruded aver
the corrugated metal layer and cooled, the
cable is taken up on a reel causing a tightening
up of the cable. The curing of the polybutylene
jacket after the cable is wound on the reel
coupled with the pressure of the successive
layers causes the corrugations of the metallic
layer to penetrate further into the polybutylene
if the polybutylene lies in direct engagement
with the corrugated metallic layer. This ex-
aggerated corrugation imprint results in local-
ized thinness of the jacket adjacent the peaks
of the corrugations with an accompanying
tensioning of the polybutylene in the area of
penetration.

Unfortunately, this further imprinting of the
prior art single jacket steam resistant cables
occured after the cable had been wound on
the reel and hence subsequent to the con-
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ventional in-line jacket thickness testing, This
led to the anomalous situation where tests
indicated an acceptable jacket thickness of a
cable which at the point of the use had un-
acceptable thin jacket.

Further, if, as is usually the case, the above-
described cable is wound on a reel during the
transition curing period of the polybutylene,
the cable is said to develop a “reel set”. The
installation and attendant bending of a cable
10 having “reel set” requires more ‘strain with
increased probability of jacket buckling. More-
over, the extrusion jacketing of a cable core
establishes a weld line which tends to cause a
longitudinal splitting of the jacket. The adverse
effects caused by a polybutylene jacket con-
tiguous to the corrugated metallic shield may
aggravate this above-mentioned tendency to
split longitudinally.

Because of the demand for this type cable
in large metropolitan areas and the importance
of maintaining the integrity of the cable during
the installation and thereafter, efforts have
been devoted toward the construction of a
cable which not only may withstand the
elevated temperatures in this environment but
also is capable of maintaining the structural
integrity of the cable during the bending and
installation thereof.

The invention provides a cable com-
prising a core, a corrugated metallic
layer surrounding the core, an extruded
covering of polymeric material sur-
rounding the metallic layer, the polymeric
material comprising an inner layer and an
outer layer, the inner layer being intermediate
the outer layer and the metallic layer wherein
the inner layer has a thickness greater than the
depth of the corrugations and comprises a
material having a notch sensitivity substan-
tially less than that of the material of the outer
layer and in which the outer layer comprises
a material capable of withstanding exposure to
temperatures of at least 100°C,

The invention also provides a method of
making a cable comprising advancing a core
along a path, applying a corrugated metallic
strip around the advancing cable core with an
overlapped seam, extruding a layer of a first
polymeric material over the core and metallic
strip with the first polymeric material in con-
tact with the metallic strip such that the dis-
tance from the longitudinal centerline of the
cable to the outwardly facing surface of the
first polymeric material is at least slightly
greater than the distance from the centreline
to the outermost portions of the corrugated
metallic strip and extruding a layer of a second
polymeric material over the inner layer, the
second polymeric material being capable of
withstanding temperatures of at least 100°C
without impairing the integrity of the cable,
the first polymeric material having a critical
notch depth rato substantially greater than

that of the second polymeric material so as to
maintain substantially the structural integrity
of the cable.

A dual jacketed cable embodying the inven-
tion will now be described by way of example
and with reference to the accompanying
drawings, in which:—

FIG. 1 is a perspective view of a cable con-
structed in accordance with the invention;

FIG. 2 is a cross-sectional view of the cable
of FIG. 1 taken along lines 2—2;

FIG. 3 is a detailed enlarged view of a
portion of the cable shown in FIG. 1 and
showing the intrusion of the corrugated metal
shield into the inner jacket with the outer
jacket extruded over the inner jacket;

FIGS. 4A and 4B are elevational views
showing a typical arrangement for installing
cables in underground ducts; and

FIG. 5 is a schematic view in elevation of
a manufacturing line which may be used to
construct the cable as shown in FIG. 1.

Referring now to FIGS. 1 and 2, there is
shown a cable, designated generally by the
numeral 10, constructed in accordance with
the principles of this invention, Cables of
this type are designated by the acronym
“STEAMPETH” and are installed in ducts
which typically may be adjacent steam lines
in underground urban locations. The cable
10 comprises a core, designated generally by
the numeral 11 in which comprises a plurality
of individually insulated conductors 12. The
insulation material of the conductors typically
is pulp or a plastics material such as, for
example, polypropylene. A core wrap tape 13
is applied helically about the core 11 and
typically is made of paper for pulp insulated
conductor cores or a polyester, for example,
for plastics insulated conductor cores.

Surrounding the core is a metallic layer,
designated generally by the numeral 14, which
is comprised, for example, of a material such
as aluminium which is corrugated and then
formed to a tubular shape about the cable
core 11. The corrugations of the metallic
layer 14 are transverse of the centre line of
the cable core and may be varied as to the
depth thereof and the number of corrugations
per lineal distance along the cable shield. Gen-
erally, the aluminium shield 14 is wrapped
longitudinally about the cable core 11 such
that the longitudinal edges form an essentially
butt seam 16 with a slight gap therebetween.
As can best be seen in FIG. 1, a strip 17 of
material such as, for example, a paper tape,
is inserted under the seam 16 to act as a heat
barrier to protect the core 11 during subse-
quent steps of the manufacturing process.
The tape strip 17 may also be an alumin-
ium-kraft paper-“Mylar” laminate referred to
as AKM. “Mylar” is a Registered Trade Mark.

The cable 10 also includes a corrugated
metallic layer 18 which conventionally is
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constructed of a steel in order to provide the
cable with mechanical protection. Longitudinal
edge portions of the corrugated steel layer 18
are generally in superimposed relation to each
other to form an overlapped seam 19. Prefer-
ably, the overlapping portions of the layer 18
are soldered together to provide an effective
barrier to moisture ingress. The corrugated
metal layer 18 is covered with a corrosion
preventive flooding material 20 which pre-
vents corrosion of the steel layer 18 and
moisture diffusion into the cable core 11 by
flooding the soldered seam which may have
occasional openings therein.

Typically, in the cable, the depth of the

corrugations is in the range of 1.07 mm, As
can be seen in FIG. 3, a thermoplastic flood-
ing compound (commonly referred to as TPC)
and preferably of an asphalt-tar material, is
coated over the outer corrugated metallic layer
18 so as to fill partially the corrugations
thereof. Typically, the flooding compound
fills approximately one-half the depth of the
corrugations. It has been found that an atactic
polypropylene petroleum jelly may also be
used for the flooding compound.
"~ The cable 10 also includes an inner jacket,
designated generally by the numeral 21, over-
lying and in intimate contact with the coated
metallic layer 18. The inner jacket 21 is con-
structed of a polymeric material such as, for
example, a high molecular weight low density
polyethylene typically of 0.92 specific gravity
which has excellent strength characteristics
and in other types of communications cables
comprises the only jacket. Such a material is
available commercially, for example, from E.IL
DuPont de Nemours and Company under the
designation “ALATHON” 1250, (“Alathon”
being a Registered Trade Mark) from the
Dow Chemical Company under the designa-
tion PE 862, from the Union Carbide Com-
pany under the designation DFDC 0506 or
from the Sinclair-Koppers Company under the
designation “DYLAN” 3900W. (Dylan being a
Registered Trade Mark). Typically, the low
density polyethylene has a melt index of
approximately 0.26, a carbon concentration of
2.55%, a-swelling ratio of 1,19 and a tensile
yield of 90 Kg/cm? and an ulitimate elonga-
tion of 780%.

The inner jacket 21 must be applied over
the metallic layer 18 such that the distance
measured radially from the longitudinal axis
of the cable 10 to the outwardly facing sur-
face of the inmer jacket is at least slightly
greater, e.g., a small fraction of a millimeter
greater than the corresponding distance to
the outermost portion of the corrugations.
This requirement will always be met in a
manufacturing environment because of the
restrictions of an extrusion operation, A jacket
of a small fraction of a millimeter in thickness
is not an attainable goal presently because of

the likelihood of openings occurring therein.
Conventionally, the outwardly facing surface of
the inner jacket will be in the approximate
range of 0.7 to 1 mm beyond the corrugation
peak in the size cables contemplated.

It is important that the material of the inner
jacket 21 is capable of maintaining its integrity
notwithstanding the protrusion thereinto of
the peaks of the corrugated metallic shield 18
(see FIG. 3). The protrusion of the corruga-
tion peaks into the contiguous plastics mat-
erial is commonly referred to as corrugation
imprint. The protrusion of the corrugated
metallic shield 18 into the inner jacket 21
may be at least 309% of the thickness of the
inner jacket with the cable at a temperature
of at least as low as 4°C.

In the past, when using a single jacket com-
prised, for example, of polybutylene, it was
not uncommon to experience cracking of the
jacket periodically along the length of the
cable with the defective locations correspond-
ing to the locations of process-accentuated
imprint and hence thin jacket.

It has been common to measure resistance
to corrugation imprint by a property related
to the notch sensitivity of the material, Notch
sensitivity at a given temperature is defined
as that critical notch depth ratio, i.e., notch
depth/unnotched sample thickness, in a mat-
erial, which causes the ultimate elongation
of the material to be reduced significantly
when subjected to a standard tensile test. As
the critical notch depth ratio becomes smaller,
a material is described as being more notch
sensitive. Judged in terms of performance as a
jacketing compound, a material is notch sensi-
tive if it fractures easily at a notch depth less
than 15% of the sample thickness.

In one such test, for example, of crystalline
polymeric, microtensile samples per A.S.T.M
(American Society for Testing Materials)
D-1708 are cut from compression molded
plaques. These samples are notched by press-
ing a carbide steel blade into a surface of the
sample with the notch being perpendicular to
the long axis of the sample. The blade used
to notch the samples has a 0.076 mm tip
radius and a 60° included angle.

It has been found that the polybutylene
material of the prior construction single jacket
cable while capable of withstanding the eleva-
ted temperatures, inherently possesses a notch
sensitivity which is substandally greater, and
less acceptable, than that which is required in
order to maintain the structural integrity of
the jackets during the bending and installation
thereof. Low density polyethylene is a suitable
material for use in constructing the inner
jacket 21. Not only is it generally readily
available in cable manufacturing facilities be-
cause of its widespread use as a single jacket-
ing material, but its physical properties are
ideally suited to this application. Notching of

65

70

75

80

85

95

100

105

110

115

120

125



1,568,558

10

15

20

25

35

45

50

the polyethylene results in much smaller degra-
dation in elongation capability of the polyethy-
lene than the material of the prior jacket, e.g.,
polybutylene, which bore imprinting.

The comparative notch sensitivities of
polybutylene and polyethylene are demonstra-
ted with reference to the results showa in
Table I of elongation tests performed on a
1.90 mm thick sample at room temperature of
approximately 20°C. It should be understood
that percent elongation is intended to mean
that a sample can be stretched that amount
before it ruptures.

Table I
Elongation 9,

Items Polybutylene Polyethylene
Unnotched 390 625
0.25 mm notched 280 —_

0.51 mm notched 20 608
0.63 mm notched — 563
0.76 mm notched — 140

The elongation and hence the notch sensi-
tivity of a sample are affected by the material
and the notch depth ratio. It will be observed
from Table I that the polybutylene experi-
ences a significant change in notch sensitivity
in going from a notch depth of 0.25 mm or
13.4% of sample depth to a notch depth of
0.51 mm or 26.5%. This contrasts sharply
with the polyethylene in which there is a sus-
tained low notch sensitivity beyond 33%
notch intrusion. In one 1.67 mm thick sample
of polybutylene at room temperature of
approximately 20°C a 0.25 mm notch caused
the sample to have an elongation of about
70%.

It has been found that notch sensitivity is
also affected by temperature. While the am-
bient temperature during installation is
important, the temperature of the cable 10
itself must be considered. For example, a
cable 10 on a supply reel may have been ex-
posed overnight to lower temperatures and
actually be in the range of —7 to —1°C in
the first stages of an installation in an ambient
warmed morning temperature of 4°C.

Moerover, the effect of temperature on
notch sensitivity varies with the polymeric
material of which the jacket is constructed.
For example, the percent elongation at break
for polyethylene is not affected substantially
until temperatures in the range of —18°C
are encountered. In contrast, the percent
elongation at break for polybutylene decreases
substantially below that at 4°C. For example,
while the percent elongation at break for un-
notched polybutylene is approximately 310%
in the temperature range of 4°C to 127°C,
the percent elongation drops to about 225%
at —7°C.

Lastly, overlying and in intimate contact
with the inner jacket 21 is an outer jacket,

designated generally by the numeral 26, and
being a material generally different from the
material of which the inner jacket is con-
structed. Since the cable 10 is to be placed in
an environment which typically is adjacent
underground steam lines (not shown) in
metropolitan . area installations, the outer
jacket 26 must be capable of withstanding
elevated temperatures which are in the range
of 100°C.

The material of the outer jacket 26 must
possess certain characteristics in order to
withstand damage by temperatures which
range in the vicinity of 100°C. Specifically
the material of the outer jacket 26, desirably,
should resist rupture and excessive deforma-
tion defined in terms of a diameter increase
of less than 15% at a temperature of approxi-
mately 100°C for a minimum of 20 years
while containing 0.7 Kg/cm of gas pressure
per cable. Further, in order to prevent longi-
tudinal splitting of the outer jacket 26 during
bending thereof, the material of the outer
cable jacket must have a minimum elongation
across extrusion weld lines approximately
2009% at 20°C. It has been found that the
jacket 26 of a cable 10 constructed in accord-
ance with the embodiment of the invention
has an elongation across the weld line in the
range of 250—3509%.

Preferably the material of the inner jacket
experiences no appreciable change in percent
elongation at a temperature of at least as low
as 4°C when having a cut thereacross to a
depth at least about 30% of the thickness.

For crystalline polymers advantageously
useful in steam environments, yield strength
measured at 100°C provides a useful test for
selecting materials from which the outer
jacket 26 may be conmstructed. In order to
prevent undesirable ballooning, an acceptable
material for the outer jacket 26 cannot have
a yield strength below 35 Kg/cm? at 100°C.

Polyethylene, for example, is not suitable
as an outer jacket material, particularly in gas
pressurized cables in high temperature envir-
onments. Polyethylene softens at a temperature
of about 77°C and begins to balloon about
the core 11 which may cause an adherence
undesirably to the walls of a duct 27 (see FIG.
4A) in which the cable 10 is installed. This
clongation of the polyethylene may continue
until a rupture occurs. Because of the less
than perfect integrity of the soldered seam, a
loss in gas pressure occurs.

It has been found that polybutylene, for
example, is a material which provides the
cable with protection against the elevated
temperatures. The polybutylene, although
soft when freshly applied to the cable 10,
experiences a transformation advantageously

into a crystalline structure during a curing -

state which extends, for example, over a pes-
iod of about fourteen days. It has been found
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that the curing is about 90% complete in ten
days. The crystalline structure is believed to
impart to the polybutylene the capability of
withstanding exposure to steam.

A polybutylene material which has been
found to be suitable for use in constructing
the outer jacket 26 is one marketed by Witco
Chemical Company of Fairfield, New Jersey,
for example, under the designation WITRON
4121. This is a pipe grade polybutylene resin
maving a melt index of 0.4.

Advantageously, the polybutylene is help-
ful in maintaining a gas pressure typically in
the range of 0.7 Kg/cm? within the cable 10
at temperatures of at least 110°C. This is dir-
ectly attributable to the excellent yield
strength, ie., 56—63 Kg/cm? of polybutylene
at 100°C. In comparison, polyethylene has a
yield strength of about 1.4 Kg/cm? at 100°C.

A dual-jacketed cable 10 constructed in
accordance with the embodiment of the inven-
tion and for the intended use specified here-
inbefore may comprise in the range of 900 to
2700 conductor pairs with a gauge size in
the range of 0.64—0.40 mm diameter. Typi-
cally, the outer jacket 26 has a thickness
approximately in the range of 1.65—2.03 mm.
The outside diameter of the completed cable
10 may be in the range, for example, of
25—75 mm.,

The dual jackets 21 and 26 provide the
cable 10 advantageously with suitable strength
characteristics as well as protection for the
cable in a special environment. The sealed
seam 19 and the dual jackets 21 and 26 are
effective in maintaining a gas pressure within
the cable 10 which typically is approximately
0.7 Kg/cm?,

The construction of the cable 10 provides

. the characteristics which are necessary not

only with respect to installation, for example,
but also with respect to the unusual environ-
ment with which cables of this type, which
have been designated STEAMPETH, are con-
fronted. That is to say, the cable 10 must
have the strength characteristics which are
required to maintain the integrity of the cable
jacket during the installation of the cable with
the cable being fed, typicallly, into under-
ground ducts 27 (see FIGS. 4A and 4B) with
the attendant bending of the cable as well as
to provide the cable with protection sufficient
to withstand the elevated temperatures of the
special environments. The cable 10 constructed
in accordance with the embodiment of the
invention possesses suitable strength proper-
ties notwithstanding the corrugation imprint
inherent in the structure,

The corrugation imprint of the plastics mat-
erial contignous the steel shield 18 affects
adversely the ability of the cable 10 to with-
stand forces imparted thereto during installa-
tion in underground ducts 27. As shown in
FIG. 4A, a cable reel 31 mounted on a payoff

33 is positioned adjacent a manhole 32.
Successive sections of the cable 10 are un-
wound desirably in a configuration known as
“C” shape as shown in FIG 4A such that
portions of the cable under tension and com-
pression on the reel experience tension and
compression respectively during installation.
It is not uncommon, however, for the cable
10 to be unwound from the supply reel 31 in
the arrangement shown in FIG. 4B and referred
to in the art as an “S” bend. There, a reverse
bend is imparted to the cable 10 as successive
sections are unwound from the reel 31. Hence,
the outwardly facing portions of the cable 10
which were in tension on the reel 31 are
subjected to compressive forces and portions
in compression are subjected to tension. In
those cables 10, for example where corrugation
imprint has resulted in a thin jacket of highly
notch sensitive material such as, for example,
single jacket polybutylene cables, this reverse
bending tends undesirably to buckle the
cable. This tendency is substantially reduced
in the dual jacketed cable 10. Moreover, the
dual jacketed cable 10 provides for a speedy
recovery from any such tendency.

A cable 10 constructed in accordance with
the embodiment of the invention may be
installed successfully in cable temperatures of
about —1°C and ambient temperatures as
low as about +4°C. However, severe abrasion
occasioned by the cable jacketing material
engaging the duct 27 can cause failures dur-
ing installation of cables 10 at temperatures
of —1°C. It has been found that these fail-
ures are eliminated even in the presence of
severe abrasion if the cable 10 is at approxi-
mately 4°C during installation,

It will be recalled that the extrusion jacket-
ing of a cable core may establish a weld line
which tends to cause a longitudinal splitting
of the jacket. The adverse effects caused by
a polybutylene jacket contiguous to the corru-
gated metallic shield may aggravate this above-
mentioned tendency to split longitudinally.
The relocation of the polybutylene jacket 26
and insulation thereof from the corrugations
coupled with the use of a substantially less
notch-sensitive material, e.g., low density
polyethylene, being in engagement with the
corrugations avoids any aggravation of this
tendency.

Corrugation imprint is aggravated undesir-
ably because of the process for manufacturing
the cable 10. Referring now to FIG. 5, there
is shown an apparatus, designated generally
by the numeral 50, for enclosing the core 11.
Typically, successive sections of the core 11
are payed off a supply reel 51 and advanced
by capstans 52 in a downstream direction
through a station 53 whereat a corrugated
aluminium tape 55 is wrapped longitudinally
about the core to form the shield 14 after
which the heat barrier 17 is inserted. Subse-
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quently, the core 11 and shield 14 are
advanced through a station 54 whereat a steel
tape 56 is wrapped longitudinally thereabout
to form the overlapped seam 19 which is
soldered. Apparatus for forming the corruga-
ted tapes 55 and 56, for wrapping the tapes
about the core and for soldering the over-
lapping portions of the steel tape are con-
ventional in the art. See, for example, in U.S.
Patent Specification Nos. 2,758,189; 2,801,316;
and 2,925,485.

The taped core 11 may be taken up on a
core truck (not shown) and moved to a supply
station (not shown) of another line for further
processing. In a preferred embodiment, the
partially completed cable 10 is advanced along
the same line in tandem between a pair of
rounding rollers 57 and then through a coat-
ing apparatus, designated generally by the
numeral 60, which applies a flooding com-
pound such as, for example, an asphalt-tar
coating, over the corrugated metal shield 18
to partially fill the corrugations thereof.

Then the partially completed cable 10 is
advanced through a cross head 61 of an ex-
truder, designated generally by the numeral
62, which applies a covering of low density
polyethylene over the corrugated metal shield
18. As can be seen in FIG. 3, portions of the
corrugations of the metal shield 18 protrude
into the polyethylene inner jacket 21. The
single jacketed core is preferably advanced
through a short distance in the ambient atmos-
phere and then into and through a water
trough 63 to cool the jacket.

In the next step, the partially completed
cable 10 is advanced through a second ex-
truder, designated generally by the num-
eral 70, in tandem with the extruder 62,
which applies a polybutylene outer jacket 26
over the polyethylene inmer jacket 21. The
dual jacketed cable 10 is moved through a
second water trough 71, past the capstan 52
and taken up on a reel 75. The polybutylene
material is extruded at a higher temperature
than the polyethylene, for example, a die
temperature of 246°C versus 218°C for the
polyethylene.

At line speeds of approximately 15.2 meters
per minute, the cable 10 may require approxi-
mately 3 meters of travel in the water trough
prior to the polybutylene jacketing material
being cooled from the semi-molten state.
Moreover, as the cable 10 is advanced along
a path of travel through the water trough 71,
it should be appreciated that the cable is not
disposed linearly but includes sags therealong
as among points of support such as trough
openings and the trough bottom. This may
cause ripples in the surface of the jacket 26.
With the polybutylene jacket material still in
semi-molten form, the sag causes a greater
corrugation imprint, e.g., 0.63 mm on the
lower portion of the cable than on the upper,

e.g., 0.13 mm., Moreover, the accentuated
imprinting brought on by the sags is periodic.
The adverse effects of the cooling trough 71
are mitigated by using a substantially deeper
trough than normal so that the jacket 26 has
cooled substantially before sagging into
engagement with the trough bottom.

While the inner jacket 21 could be extruded
onto the shielded core 11, taken up and then
advanced along another line whereat the outer
jacket 26 is extruded thereover, tandem ex-

‘trusion of the two jackets is preferred. The

taking up of the polyethylene-jacketed core 11
with imprinting thereof prior to applying the
outer jacket 26 would cause somewhat severe
stretching of the outwardly facing portions of
the inner jacket especially on the smaller dia-
meter inner convolutions on the take-up reel
(not shown). Then, when the single jacketed
core 11 is run through the outer jacket line,
the partially completed cable, linearly dis-
posed, tends to cause a buckling of the inner
jacket 21. This is avoided by tandem ex-
trusion, which also provides obvious manu-
facturing economies.

While the preferred embodiment of the
cable 10 includes an inner jacket 21 construc-
ted of a low density polyethylene material and
an outer jacket 26 conmstructed of a poly-
butylene material, the invention is not so
restricted.

It is not without the scope of the invention
to provide a cable 10 in which the inmer
jacket 21 and the outer jacket 26 are con-
structed of materials which differ from those
of the preferred embodiment. What is import-
ant is that the material of the outer jacket 26
be capable of withstanding the elevated tem-
peratures discussed herein, the inner jacker 21
having the strength to permit the integrity of
the cable jacket to be maintained notwith-
standing the imprinting thereof and the
stresses induced therein during the installation
of the cable in underground ducts.

On the other hand, the inmer jacker 21
must present a smooth outer surface for subse-
quent application of the polybutylene outer
jacket 26. Preferably the inner jacket 21 is
constructed with a low notch sensitivity mat-
erial, such as, for example, polyethylene.

It has been found that in a cable 10 con-
structed in accordance with the principles of
this invention, that the polyethylene and poly-
butylene jackets, for example, do not bond
chemically to each other. The question may
arise as to whether a severe installation, e.g.,
tortuous path, could cause the outer jacket
26 to be pulled from the cable. Tests have
demonstrated that in excess of 272 Kg of
pull must be exerted before the dual jackets
21 and 26 begin to be pulled from the corru-
gated steel layer 18. Moreover, almost 545
Kg pull is required to cause slippage between
the inner jacket 21 and the outer jacket 26.
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During the curing of the polybutylene, the
crystalline transformation thereof causes the
outer jacket 26 to shrink and become engaged
tightly with the outwardly facing surface of
the inner jacket 21. The use of polypropylene-
petroleum jelly flooding compound may re-
duce this latter force by as much as 439 at
24°C. This may be overcome by using a
thermoplastic flooding compound.

WHAT WE CLAIM IS:—

1. A cable comprising a core, a corrugated
metallic layer surrounding the core, an
extruded covering of polymeric material
surrounding the metallic layer, the polymeric
material comprising an inner layer an
outer layer, the inner layer being intermediate
the outer layer and the metallic layer wherein
the inner layer has a thickness greater than
the depth of the corrugations and comprises
a material having a notch sensitivity substan-
tially less than that of the material of the
outer layer and in which the outer layer com-
prises a material capable of withstanding ex-
posure to temperatures of at least 100°C.

2. A cable as claimed in claim 1, wherein
the percent elongation of the material which
comprises the inner layer is not reduced sub-
stantially by the corrugations of the metallic
layer protruding thereinto a distance which is
at least 30 percent of the thickness of the
inner layer with the cable at a temperature at
least as low as 4°C.

3. A cable as claimed in claim 2, wherein
the material of the outer layer is such as to
withstand rupture at a temperature of 100°C
while maintaining 3 gas pressure within the
cable core of at least 0.7 Kg/cm?.

4. A cable as claimed in claim 1, 2 or 3,
wherein the inper layer is high molecular
weight low density polyethylene and the outer
layer is polybutylene.

5. A cable as claimed in any one of the pre-
ceding claims, wherein the cable includes a
corrosion preventive material in engagement
with the portions of the corrugated metal
layer ana filling approximately one-half of
the depth of the outwardly facing valleys of
the corrugations, the inner layer being in
engagement with the corrosion preventive
material.

6. A method of making a cable comprising
advancing a core along a path, applying a
corrugated metallic strip around the advancing

cable core with an overlapped seam, extruding
a layer of a first polymeric material over the
core and metallic strip with the first poly-
meric material in contact with the metallic
strip such that the distance from the longitud-
inal centreline of the cable to the outwardly
facing surface of the first polymeric material
is at least slightly greater than the distance
from the centreline to the outermost portions
of the corrugated metallic strip and extruding
a layer of a second polymeric material over
the inner layer, the second polymeric material
being capable of withstanding temperatures of
at least 100°C without impairing the integrity
of the cable, the first polymeric material
having a critical notch depth ratio substantially
greater than that of the second polymeric
material so as to maintain substantially the
structural integrity of the cable.

7. A method as claimed in claim 6, wherein
the first polymeric material layer is air cooled
prior to extrusion of the second polymeric
a corrosion preventative material.

8. A method as claimed in claim 6, wherein
the cable having the layer of first polymeric
material thereover is advanced through a
water trough prior to the extrusion of the layer
of the second polymeric material thereover.

9. A method as claimed in any one of claims
6—38, including the steps of bonding contigu-
ous adjacent mating portions of the surface
of the metallic strip which face each other
and form the overlapped seam and coating
portions of the corrugated metallic strip with
a corrosion preventive material.

10. A method as claimed in any one of
claims 6—9, wherein the first layer of the
polymeric material comprises high molecular
weight low density polyethylene and the outer
layer is polybutylene.

11. A method of making a cable substan-
tially as hereinbefore described with refer-
ence to and illustrated in FIG. 5 of the
accompanying drawings.

12. A cable substantially as hereinbefore
described with reference to and illustrated in
FIGS. 1—3 of the accompanying drawings.

K. G. JOHNSTON,
Chartered Patent Agent,
Western Electric Company Ltd.,
5 Mornington Road,
Woodford Green,

Essex.

Agent for the Applicants.
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which copies may be obtained.
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