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Application January 10, 1936, Serial No. 58,475

6 Claims.

This invention is directed to an improvement
in electric cables and is primarily directed to
providing an electric cable construction which is
particularly well adapted for vertical suspen-
sion in long lengths.

The increasing use of electric cables in long
lengths for vertical suspension, as in exploration
of oil wells, for example, has resulted in a de-
mand for a conductor which will elongate and
contract without breaking. The usual conductor
cannot be used as stretching so elongates the cop-

-~ per conductor permanently that when the ten-
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sion is removed and the cable contracts buck-
ling of the conductor results. Repetition of this
action results in breaking of the conductor. This
elongation cannot be overcome with the usual
types of steel armor employed, inasmuch as the
conductor is small and of little strength as com-
pared with the armor, so that it must elongate
and contract with the armor. .

The present invention provides a construction
in which the conductor will stretch and contract
with the cable without deformation. My co-
‘pending application Serial No. 59,204, filed Jan-
uary 15, 1936, discloses a construction in which
stretching of the conductor is so controlled that
the cable can be elongated and returned to its

original length wii;hout buckling and breaking of -

the conductor.

In the accompanying drawing:

Fig. 1 is & part sectional view of & cable em-
bodying my invention;

Fig. 2 is a cross section of the cable of Fig. 1;

Figs. 3 and 4 are cross-sectional views illus-
trating the relative positions of the cable con-
ductor and core at different stages of elongation
of the cable; . :

-Fig. 5 shows one strand of the unstretched
cable conductor about a core of extensible sub-
stantially incompressible material;-

Fig. 5A is an end view of the structure of Fig. 5;

Fig. 5B is a development of a cylinder whose
diameter is the pitch diameter of the strand of
Flg. b and whose length is the length of lay of
the strand of Fig. 5;

Fig. 6 shows the core and strand of Fig. 5 with
the cable in partially stretched condition;
Fig. 6A is an end view of Fig. 6;

_Fig. 6B is a development of a cylinder whose
diameter is the pitch diameter of the strand
of Fig. 6 and whose length is the length of lay
of the strand of Fig. 6;

Fig. 7 shows the core and strand of Fig. 5 with
the core fully stretched;
Fig. 7A is an end view of Fig. 7;

(ClL 173—266)

Fig. 7B is a development of a cylinder whose
diameter is the pitch diameter of the strand of
Fig. 7 and whose length is the length of lay of
the strand of Fig. 7;

Fig. 8 shows one type of conductor which may"
be employed in the practice of my invention;

Fig. 9 shows another type of conductor; and
Fig. 10 shows still another type;

Figs. 11 and 12 are cross sectional views of
modified embodiments of- my invention, employ-
ing several conductors about a common center or
core. .
Referring to the drawing in detail, and first
of all to the construction illustrated in Figs. 1
to 7B inclusive. | designates the core of my im-
proved cable. 'This core is a pliable, extensible,
substantially incompressible material such as
rubber, or a fibrous material such as silk or cot-
ton threads, for example, twisted together so as
to be sufficiently incompressible for my purpose
and yet at the same time extensible and pliable.

About this extensible, substantially incom-
pressible core I apply the conductor 2. This
conductor, in this embodiment of my invention,
is composed of copper strands helically applied in
parallel relation in a predetermined lay about the
incompressible extensible core as will be brought
out in detail hereinafter.

Directly over the conductor 2 I apply insula-
tion 3, which may be the usual rubber or rubber
compound insulation commonly employed in
electric cable work. .

About the insulation 3 I apply a fabric cov-
ering ' 4 which may be saturated with oil and
moisture impervious material, such as Harvel, an
acid condensation product made from the oil ob-
tained from cashew nut shells.

5 designates a supporting armor consisting of
stranded steel wire. These steel wires are the
same as commonly employed for steel wire rope
‘and may be laid up in any of the methods com-
mon.to wire rope manufacture.

As pointed out at the outset of this description,
the conductor 2 has little strength as compared

. with the armor 5 and unless means are provided

to prevent it, the conductor must elongate and
contract with stretching of the cable with the.
result that the conductor buckles and in a short
time breaks.

I propose to overcome this defect by applying
the conductor in a predetermined lay about an
extensible, substantially incompressible core.
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Referring now more particularly to Figs. 5 .

through 7B, Figs. 5 and 5A show the initial po-
sition of each conductor strand;
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In Figs, 5 and bA—initial wosition of cach con-
ductor strand:
tdo= the diameier of the core [
= diameter of each sirand of the conduc-
tor 2 )
D= pitch diameier of each strand of the con-
ductor
= to-}-& .
- L= length of lay of each strand of the con-
ductor
a= length of each conductor sirand for one

complete turn about the core [
dn Figs, § and 6A—partially stretched condi-,
tlon of the strands of the conductor 2:

i

e’ == diameter of core.! under the aossumed
conditions
D=pitch diameter of each strand of the

conductor 2 under
stretched condibtion
g== percentage elongation (Gn decimsl) fow
which the cable is designed
In Pligs. 7 and TA——the conducior siretched to
limi{ for which it is designed:
o’ =diameter of core | umder the assumed
conditions
=plich diameter of each strand of the con-
ductor 2 under the assumed conditions
The conductor 2 is so designed that at the ini-
tial and exiended positions it lies snugly on the
core [, as illustrated in Figs. 54 and 7A. Inter-
mediate these positions the conductor Is out of
contact with the cove, as illusirated in Fig. GA.
Fig, 8 illustrates ar intexmediate condition corre-
sponding o Fig. 64, and Fig, 4 o condition corre-
sponding to Fig. 7A,
These conditions exist only for a definite lay
of the conductor as determined by the formula

asstmed pariiedly

cﬂ'

5

the

D

The above formuls is directly concerned with
cables having a rubber core, such a core being
ideal in that while it is pliable and exiensible
it is substantially incompressible. As above in-
dicated fibrous cores may be employed with good
results, ofiering sufficient support for the con-
ductor, so far as incompressibility is concerned,
and elongating and contmctmg sufficiently with-
out breaking,

However, metal cores either solid or stranded
may be employed if desired for small clongations.

For small values of s the following formule may

be used: R
di+dd,

@ (F2)(s+ 1)

In designing a cable for & given service and
knowing the diameter of the conductor strands,
the initial size of the core of the cable and clon~
gation desived, the lay of the conductor strands
about the core is determined by Formula (1)
given above for large values of s or elongation,
or Formula (2) for small values of s. Under
those conditions and with the. conductor laid
about the core in accordance with Formula (1) of
Formulea, (2), initially the conductor sirands are
in contact with the core as shown in Fig, A, for
instance, and ou initial stretching of the cable
the core is reduced in diameter faster than the
piteh diameter of the conductor strands so that
the core moves away from the conductor strands,
as illusirated in Figs. 3 and 64; while at maxi-
mum elongation for which the cable is designed
which of course should not exceed the maximum
elengation which the core will withstand without

L=t

- such as hemp for example.
of my invention, each cable {0 is a duplicate of

,629 \_

breaking the conducior strands again contact
with the incompressible core, as iHusirated in
Pigs. 4 and TA.

The piich diameter of the conductor sirands
may be readily determined for any clongation de-
sired.

Hor exampie:

Let it e rveguired to And the pitch dismeter
oi the conductor nelz:: mr sm elondcmmn equal
to s where z may be either smaller or greater
than unity:

Leb Dy=—piich diameter
G=strand length
throughout

which is counstant

s=clongation for which cable is designed -

D=original pitch diamete:
L=lay determined from I
Then

)

(

QOF

also

7
ox= ﬂoﬂJ TTze

two equat
whether the strand will e loose or i

Prom these tlong it meay LEGR

e

core. I can readily be seen that if dox, caicu-
lated by the first equation is smaller than if eal-
culated by the second, siretching of the shroand
or distortion of the core must take nlace.

Iy is o be understood that the conduch 5
be made up of a number oif strands lying side
by side and dlspoved ahout the core in per raliel

relagion as illusirated in Fig. 1;

ously twisted together as illustrated at 3a¢ in Fig.
8; or the conductor may be in the form of & tape
ag illustrated at 9% in Fig. 9; or a woven or braid-
ed tape as illustrated at 10¢ in Fig, 10, i

When the conductor is in the form of a tape or
braid as illusirated at 90 and 10c¢ the thickness
of the same is used in calculating the lay from
Formule (1) or Formule.(2).

The above description has been made with ref-
erence 1o cables with a single insulated conductor.
VWhere a cable is desired composed of a plurality
of insulated conductors I may employ a construc-
tion such as illustrated-in Fig, 11 wherein a plu-
rality of armored cables 16 are laid up about a
center 1. This center may be of any of the well
known types of centers used in steel wire rope,
In this embodiment

the comstruction illustrated in Figs. 1 and 2.
It is to bhe understood that the supporting armor
wires need not necessarily he made up of strands
as shown but may be solid wire.

A further modification of a multi-conductor
cable embodying my invention is illustrated in

Fig. 12 where two cables {2 similar to the cable

structure of Fig. 2, but without supporting armor
wires are twisted together, and a circular cross
section built up of jute 3, for example, sur-
rounded by & tape or belt [4. A plurality of
cables 8, duplicates of that shown in Figs. I and
2, are laid up around these central cables.

or the conductor.
may be in the form of 2 group of strands previ-.
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this embodiment of my invention the supporting
armor wires 16 have been shown solid.

It will be seen from all of the foregoing that
the present invention provides an electric cable
construction in which ‘the conductor is laid up
about a substantially. incompressible, extensible
core with such a lay that upon initial elonga~
tion the outside diameter of the core decreases
faster than the inside diameter of the conductor
helix, so that the core moves away from the
conductor, while on continued elongation a point
will be reached where the inside diameter of the
conductor helix decreases faster than the outside
diameter of the core to cause the conductor to
reengage the core on maximum elongation which
of course should not exceed the breaking point
of the core.

To show the superiority of cables constructed
in accordance with my invention over cables con-
structed according to prior practice, I have made
a number of comparative tests using a single con-
ductor cable. These tests in all cases essentially
involved subjecting a sample of freely suspended
cable to a two ton load so that the cable elon-
gates. The tension on the cable is then relieved
permitting the cable to return to lts original po-
sition.

The usual type of conductor made up of nine-
teen strands of wire concentrically stranded
broke after seventy-elght minutes under this test.
The speed of the test was approximately one cycle
per minute, corresponding to elongating and con-
tracting the cable seventy-eight times. The con-
ductor failed cue to breaking of the copper from
flexing, and kinks were found approximately
every six inches throughout the test length.

Another test was run employing a cable having

the same total copper area as the cable first
mentioned, but stranded in what is commonly
known as rope stranding, that is, seven bunches
of wire, each consisting of seven individual wires
were stranded together. After thirty hours this
cable failed due to kinking of the conductor, and
kinks were found every four to six inches
throughout the test length,
. The same test was then run on the cable of
Fig. 1 of my application, employing an extensible
incompressible core and a conductor of five wires
stranded and applied about the core with the lay
I have hereinabove described. This cable with-
stood a total of two hundred and ten hours with-
out the conductor breaking, the steel supporting
wires shown at § in Fig. 1 breaking due to fatigue
on the steel. This test shows that my improved
cable i(§ at least seven times as good as the old
structures, and as a matter of fact at the end of
the two hundred and ten hours the conductor
showed no signs of kinking nor of failure.

What I claim is:—

1. An extensible electric cable comprlsing in
combination a core of extensible, substantially
incompressible material, a conductor helically
applied about and in contact with said core with
such a lay that Initial elongation of the cable
will tend to bring the core out of contact with the
conductor so that maximum extension of the
cable is permitted without permanent distortion
of the conductor, attempted further elongation
causing the conductor to re-engage the surface

3

of sald core and to become permanentlv dis-
torted.

2. An electric cable comprising in combination -

a core of extensible, substantially incompressible
material, a conductor helically applied about said
core and in contact therewith, the lay of said con-
ductor being such that upon initial elongation of
the cable the outside diameter of the core will
decrease faster than the inside diameter of the
conductor helix, further elongation of the cable
eventually causing the conductor helix to de-
crease in diameter faster than the outside di-
ameter of the core finally to re-engage the core,
attempted further elongation of the cable causing
the conductor to become permanently distorted.

3. An extensible electric cable comprising in
combination a core of extensible, substantially
incompressibie material, a conductor helically ap-
plied about and in contact with sald core with
such a lay that extension of the cable from zero
extension to maximum extension is permitted
without permanent distortion of the cenductor,
attempted further elongation causing the con-
ductor to engage the surface of sald incompres-
sible core and to become permanently distorted,
insulation about the conductor and supporting
wires about said insulation.

4. A multi-conductor electric cable comprising
in combination a plurality of single conductor
cables disposed about a central core, each single
conductor cable comprising.a core of extensible,
substantially incompressible material and a con-
ductor helically applied about said core and in
contact therewith with such a lay that extension
of the cable from zero to maximum extension is
permitted without permanent distortion of the
conductor, attempted further elongation of the
cable causing the conductor to engage the core
and to become permanently distorted, and armor
supporting wire for each cable.

5. A multi-conductor cable comprising in com-
bination a plurality of single conductor cables
twisted together and each composed of a core
of extensible, substantially incompressible ma-
terial, a conductor helically applied about the
core with such a lay that extension of the cable
from zero extension to maximum extension is
permitted without permanent distortion of the
conductor, attempted further elongation causing
the conductor to engage the surface of said in-
compressible core and. to become permanently
distorted, a plurality of similar single conductor
cables 1aid up about said first mentioned cables,
each of the last mentioned cables being enclosed
in supporting wires.

6. An extensible electric cable eomprising in
combination a core of. extensible, substantially
incompressible material, & conductor helically ap-
plied about and in contact with sald core with
such & lay that initial elongation of the cable will
tend to bring the core out of contact with the
conductor so that extension of the cable up to
the breaking point of the core is permitted with-
out permanent distortion of the conductor, at-
tempted further elongation causing the conductor
to reengage the surface of sald core and to be-
come permanently distorted.

RICHARD C, WALDRON.
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