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UNITED STATES 

2018,461 

PATENT OFFICE 
2,018,461 

MULTIPLE CONDUCTOR, SECTOR 
ELECTRC CABLE 

Neil L. Morgan, Mount Royal, Quebec, Canada, 
assignor to Western Electric Company, incor 
porated, New York, N. Y., a corporation of New 
York. 

Application November 13, 1931, Serial No. 574,697 
2 Claims. 

This invention relates to improvements in 
multiple conductor electric cables having sec 
tor-shaped conductors, and more particularly 
to the method of making such cables, 

Sector-shaped conductors for insulated power 
cables may be made in several ways known in 
the art. One well known method, which is old 
in the art, comprises first stranding a plurality 
of wires into different layers, each layer being 
round in shape, or substantially so, and having 
a Space between it and the adjacent layer, then 
Crushing the structure to sector shape between 
rolls, and finally insulating the individual con 
ductor after the crushing operation. In manu 
facturing sector-shaped conductors in accord 
ance with this method the component wires of 
each layer are usually stranded or spiralled to 
form a helix; the helices or layers of wires being 
stranded all in one direction throughout the 
Conductor. The conductor, after being crushed 
to sector shape, is usually insulated by wrapping 
On tapes of insulating material, such as paper or 
Cambric, with a suitable pitch or lay. The mull 
tiple conductors, after being insulated, are then 
stranded and twisted together to keep them in 
proper relation to each other with the points of 
the Sectors pointing toward the center of the 
cable. 
Another method known in the art consists in 

passing a plurality of wires through a sector 
die, the wires, as they pass through the die, being 
Spirally Wound around the core and laid up col 
lectively insector cross-section. Here again, the 

35 

40 

45 

50 

conductors are insulated after being formed into 
sector shape; the multiple conductors being 
twisted while being stranded together to keep 
the points of the sectors pointing toward the 
center of the table. 

It has been found that the twisting of the sec 
tor-shaped conductors sets up stresses both in 
the wires and in the insulating tapes that are 
desirable to avoid. If the Wires of the conductor 
are all stranded in one direction, they all tend to 
become either loosened or tightened depending 
on the relative direction of stranding the mul 
tiple conductors together. A tightening action 
tends to reduce the diameter of the conductor, 
With a consequent softening of the insulation and 
a weakening of its electrical properties. If alter 
nate layers of wires are stranded in opposite di 
rections, one layer tends to tighten and the next 
to loosen and occupy a larger space. This action 
often causes the conductor to depart from its 
criginal sector shape. The same tightening and 
loosening actions occur in the insulation with 

(C. 173-264) 
the result that the tapes tend to become wrink 
led and creased and, especially in the longer 
lengths. Of conductors, the insulation becomes 
Weakened in its electrical properties. 

During the process of manufacture of the 
cable, it is usual, according to present day prac 
tice, to have the stranding together of the insu 
lated conductors done on a different machine 
from that which insulates them. The method 
of the present invention may be practiced by 
having the stranding and insulating done on dif 
ferent machines. 
these steps are shown herein as being performed 
in . Succession upon a single machine although 
they may be performed successively upon dif 
ferent machines. Both methods are Within the 
Scope of the invention. 
The residual forces present in the sector 

shaped conductor and its insulation due to the 
methods of manufacture outlined above fre 
quently prevent the conductors from taking 
their proper relative position in the cable and, 
in some cases, a sector may become completely 
turned over, that is, the point of the sector con 
ductor may point away from the center of the 
cable. This results in the cable being somewhat 
larger over certain sections of its length. These 
residual forces also tend to prevent the cable 
from being dead, i. e., when laid on the floor it 
will tend to distort or untwist itself slightly so as 
to be relieved of the residual forces. 
These difficulties are considerably reduced if 

not completely overcome by manufacturing 
cables in accordance with the principles under 
lying this invention. 
An object of this invention is to provide an 

improved multi-core cable having Sector-shaped 
conductors. 
A feature of this invention lies in the method 

of insulating the individual conductors before 
forming them into sector shape. 
A further feature resides in the method of 

forcing a plurality of insulated conductora 
through a die in one operation. 
One advantage of this invention is that the 

residual forces inherent in sector-shaped cables 
manufactured by present day methods are great 
ly reduced by constructing a cable in accordance 
with this invention. 
Another advantage of the present invention is 

that a cable is obtained which has harder insul 
lation with somewhat higher electrical strength. 
than those heretofore manufactured. 
A further advantage lies in the fact that the 
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component wires of the conductors take up their 
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2 
proper relative positions causing sectors of proper 
shape. 
Other objects, features and advantages will 

appear in the Subsequent detailed disclosure. 
In accordance with this invention, the wires 

of the conductor are first stranded into layers 
which are substantially round in shape, leaving 
Spaces between adjacent layers. The conductor 
is then Wrapped with insulating tape while still 
in the round shape. The multiple insulated con 
ductors are then stranded together without being 
twisted (that is to say, grouping the conductors 
in Such manner that all points on the outer 
Surface of a conductor bear the same relative 
position throughout the cable with respect to 
other points on the same conductor). This ac 
tion prevents the tightening and loosening of 
the wires of the conductor and greatly reduces 
the creasing and wrinkling of the insulating 
tapes with an accompanying reduction in the 
residual forces. 
The stranded insulated conductors are then 

formed by being forced together through one or 
more dies; the forming forces being transmit 
ted to the conductor through its insulation. The 
circle of wires are thus caused to collapse at the 
expense of the spaces between the layers. It is 
to be understood that the forming forces are all 
radial to the cable causing the insulated con 
ductor to take sector shape with all the sectors 
pointing towards the center of the cable at all 
points throughout its length, thus giving the cable 
a uniform diameter through its entire length. 
During the forming operation, the perimeter of 
the layers of wires remains approximately the 
Same but Smail increases in the perimeter may 
Cause the insulation to become tightened and 
stretched to a larger perimeter thereby taking 
up any looseness that may have taken place dur 
ing the insulating and stranding operations. This 
tightening and stretching of the tapes (if and to 
the extent that it occurs) makes the insulation 
harder and tends to give it a somewhat higher 
electrical strength. In practice no important 
tightening or loosening of the insulating tape has 
been observed. A cable constructed in this man 
ner has no appreciable residual forces in the 
conductor and insulation. For this reason, there 
is no noticeable tendency of the cable to distort 
or untwist itself, 

Referring to the drawings: 
Fig. 1 represents a cross-sectional view of a 

Conductor prior to the application of the insula 
tion thereon. This view shows the circular layers 
of Wires with the annular spaces between the 
adjacent layers; 

Fig. 2 shows the conductor of Fig. 1 with the 
insulation applied. This view is taken along the 
line 2-2 of Fig. 4 which illustrates a portion 
of a finished conductor prior to the forming op 
eration; 

Fig. 3 is a side perspective view of the con 
ductor of Fig. 2. In this view the alternate 
layers of wires of the conductor are shown spiral 
ly wound in opposite directions; 

Figs, 4 and 5 are diagrammatic illustrations 
of the essentials of the stranding machines uti 
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lized in making a cable in accordance with this 
invention; 

Figs. 6 and 7 are side and front views respec 
tively of the die used in changing the round con 
ductors to sector shape; 

Fig. 8 illustrates, in cross-section, a plurality 
of round conductors which go to make up a three 

2,018,461. 
conductor sector cable, prior to the forming op 
eration; - 

Fig. 9 shows the conductors of Fig. 8 after be 
ing forced through the die of Fig. 6 and pressed 
to sector form. 

Referring to Fig. 1, there is shown a conductor 
in One stage of the process of manufacturing a 
Sector cable embodying the principles of this in 
vention. In the conductor, a plurality of helices 
of wires are shown stranded in opposite direc 
tions around a single wire forming the center or 
core with annular spaces between each adjacent 
layer of wires. Although it is desirable to have 
the component wires of each helix remain in a 
circle One or more wires in each layer might be 
allowed to fall in towards the center without in 
terfering with the subsequent formation of proper 
sector-shaped conductors. 
Surrounding the Outermost layer of Wires is a 

layer of insulation which may be applied directly 
to the conductor or by applying tapes of insul 
lating material around or parallel with the con 
ductor. These tapes may comprise paper, war 
nished cambric or other material applied to the 
conductor with a suitable pitch or lay, applied all 
in one direction or by reversing different layers 
of tapes. When paper tapes are employed, they 
are usually applied so that their edges abut while 
the edges of the cambric tapes overlap by a 
small amount. It is customary in the case of 
paper tapes to dry them after being applied to 
the cable and then have them impregnated. 
With regard to the cambric tapes, however, an 
insulating compound may or may not be applied 
between layers of tapes. The feature of first 35 
insulating the conductors and then forming them. 
together is not limited to the use of paper or 
fabric insulation; rubber or rubber covered fabric 
may also be employed. 

in Fig. 4 is shown one way of constructing a 40 
conductor of the type illustrated in FigS. 1, 2 
and 3 by using apparatus well known in the art. 
A roll of wire 8 mounted upon a Support 9 is 
arranged to rotate in the direction indicated in 
the drawing by the arrow, as the wire is drawn 46 
to the left by a capstan, not shown. This wire 
forms the center or core of the conductor and 
is adapted to pass through mandrels fo and 
upon which the successive layers of wires are 
helically stranded. These mandrels are hollow 50 
and are held in place by supports 20 and 2. If 
desired, the mandrels may taper slightly at the 
ends 22 and 22a where the Wires of the layers 
leave the mandrel. The layers of wires retain 
their circular shape after leaving the mandrel 66 
since no pressure is exerted upon them at this 

y time. 
Other rolls of Wire f6, 6 and 23, 23 mounted 

upon gears 7 carry the individual wires which 
go to make up the different layers. Although 60 
only two rolls have been shown mounted on each 
gear, it is to be understood that there are as 
many rolls on each gear as there are wires 
forming a layer. The gears carrying the rolls 
of wire are driven by pinions 24 and 25 and 65 
cause the wires to be spirally wound around the 
mandrel as they rotate, one in a clockwise direc 
tion and the other in a counterclockwise direc 
tion; the preferred lay-up being with one layer 
wound in one direction and the next in the re- 70 
verse direction and So on in alternative arrange 
ment. The rolls and mandrels are axially 
aligned, the Successive mandrels increasing in 
size to accommodate the conductor as its size is 
increased by the addition of each layer. 
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Upon leaving the outermost mandrel, layers of 

insulating tape are applied to the conductor. 
The tape is carried on a spool 27 mounted upon 
rotating gear 28 driven by pinions 29, 29. Al 
though only One spool of tape is shown, it is 
understood that there may be as many spools of 
tape as it is desired to have layers of insulation 
applied to the conductor. After the insulation is 
applied to the conductor, the Whole is Wound 
while still in a round shape, on to a drum by 
means of a capstan. - 

Fig. 5 illustrates the manner in which three 
such insulated conductors are drawn through a 
die to form the Sector cable. Three drums 30, 
each carrying a length of conductor Such as ill 
lustrated in Figs. 2 and 3, are mounted on a gear 
32 which is adapted to rotate upon an axis 33. 
The drums are adapted to remain in a vertical 
position as indicated in the drawings as the gear 
rotates so that no twisting occurs as the in 
dividual conductors are pulled through the die 
34 by the capstan 35. As the conductors are 
spirally wound about one another, all points on 
the Outer surfaces of any one conductor bear 
the same relative position throughout the cable 
with respect to other points on the same con 
ductor. This method of operation is well known 
in the art. 
The round conductors are changed to sector 

shape as they are forced through die 34 which is 
of Suitable size; the forming forces being trans 
mitted to the conductors through the insulation. 
These forces, being radial to the cable, cause the 
circles of wires of each conductor to collapse at 
the expense of the spaces between the layers. 
Each insulated conductor is thus forced to take a 
Sector shape with all the Sectors in the cable 
pointing toward the center at all points through 
Out its length, thus giving the cable a uniform 
diameter throughout its entire length. It is to be 
noted that in the finished article the component 
Wires of each Sector conductor still retain their 
circular form and are not deformed by the form 
ing Operation. 

In preferred practice several dies in tandem 
are employed to make the forming more grad 
ual and to prevent tearing and wrinkling of the 

insulating tapes. The die 34 is therefore typical 
of any die structure consisting of either a single 
die or a plurality of dies in tandem. Ordinarily 
each die will have a smaller orifice than the pre 
ceding. The word "die' as employed in the 5 
claims signifies any die structure consisting of 
one die or a plurality of dies in tandem. The 
cable may be pulled through the Several dies in 
successive operations but to do this in a single 
operation is preferred, 10 
In Fig. 9 is shown the shape the individual 

conductors of the cable of Fig. 8 take when 
forced through the die during the forming oper 
ation. In actual practice, an overall Outer in 
sulation may or may not be placed around the 15 
cable and protected with an outer covering Such 
as a lead sheath. The cable is then considered 
ready for use in the field. 
In a cable constructed in accordance with the 

present invention there are no appreciable resid- 20 
ual forces either in the conductors or in the in 
sulation and, for this reason, there is no tendency 
on the part of the conductors to move from their 
proper positions in the cable. 
What is claimed is: 25 
1. A method of manufacturing multi-core 

electric cables having sector-shaped conductors 
which comprises stranding the component wires 
of each individual conductor into helices with 
spaces between layers of adjacent helices of 30 
wire, the alternate layers of said helices being 
stranded in opposite directions, Wrapping insul 
lating tapes around said conductors while still in 
substantially round shape, then stranding said 
conductors together and forcing them together 
through a die to obtain the sector form in one 
operation. 

2. The method of manufacturing a single con 
ductor for a multi-core sector cable which con 
prises first stranding a plurality of concentric 40 
layers of wires around a single central Wire leav 
-ing spaces between adjacent layers, insulating 
the conductor by surrounding it with insulating 
material and thereafter forcibly deforming the 
conductor with respect to its cross-section by 
forcing it into a sector shape. 

NEL L. MORGAN. 


