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57 ABSTRACT 
A communication cable, and the method and ap 
paratus therefore, made up of twisted strands of laid 
component conductors, wherein the component con 
ductors are laid at pitches varying stepwise throughout 
their lengths and/or the strands are twisted at pitches . 
varying stepwise throughout their lengths, whereby the 
production speed and efficiency are drastically in 
creased as compared to conventional communication 
cable production techniques. 

36 Claims, 24 Drawing Figures 
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COMMUNICATION CABLE 

The present invention relates generally to improve 
ments in communication cables and, more particularly, 
to methods and apparatus adapted for the manufacture 
of improved communication cables. 

It is a common practice in forming a communication 
cable to have the adjacent pairs or quads of component 
conductors laid at pitches different from one pair or 
quad to the other and to have each of the pairs or quads 
laid at a uniform pitch throughout the overall length of 
the cable, whereby an occurance of crosstalking is 
prevented. Among the recent developments of industri 
al communication cables is a right- and left-stranded 
cable (generally known as an S-Z cable), in which the 
laying direction of each of the individual pairs or quads 
of conductors is inverted at predetermined unit length. 
This type of communication cable is, however, still 
considered as one of the variants of the conventional 
communication cables because the adjacent pairs or 
quads forming such cable are laid at pitches different 
from one pair or quad to the other and because the in 
dividual pairs or quads are laid at uniform pitches 
throughout the entire length of the cable. 
Another recent version of the communication cables 

is a cable in which the pairs or quads are stranded in al 
ternately inverted directions at every pitch so that any 
of the pairs or quads can be drawn out of the cable as 
sembly at any point thereof simply by peeling off the 
protective sheath covering the particular point. The ad 
jacent pairs or quads forming the communication cable 
of this type are, when viewed in a macroscopic fashion, 
invariably laid at pitches different from one pair or 
quad to the other and as such the communication cable 
may be said to be constructed in a manner basically 
similar to the construction principle of the conven 
tional communication cables. 
The speed of stranding communication cables 

presently available ranges from about 200 r. p.m. to 
about 2,000 r.p.m., varying with the types of cable 
stranding machines that include a planetary stranding 
machine, a torpedo stranding machine, a double 
stranding machine and so forth. Research and develop 
ment is still under way with a view to increasing the 
stranding speed and to making available simplified 
production schemes and large-sized wire feeding reels 
and strand winding-up reels, including the development 
of the right- and left-stranded cable stranding system 
which has recently been commercialized. 
The conventional principle of communication cable 

production which has been invariably accepted by the 
industry to date now places a crucial limitation on the 
continued improvement in the techniques of manufac 

- turing communication cables on a commercially ad 
vantageous basis, because of the intensifying demand 
for an extremely, increased production efficiency, at 
low cost, of communication cables. It is, therefore, of 
keen interest to the industry to seek for a drastically 
new and novel principle of manufacturing communica 
tion cables. 
The present invention thus contemplates provision of 

an entirely new and novel production principle of com 
munication cables which will supplant the conventional 
communication cable production practices that are 
now in a deadlock for the limited cable stranding 
speed. 
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2 
The present invention has its technical concept in the 

following new discoveries: 
a. The cable in its entirety need not be stranded at 

one and the same pitch throughout the overall length of 
the cable but may be stranded at stepwisely varying 
pitches as long as the desired electrical and mechanical 
properties can be maintained. It is, in this instance, 
preferable that the cable be stranded at a constant 
pitch in each of the steps; 

b. The adjacent pairs or quads of component con 
ductors that form the communication cable need not 
be laid at such pitches that vary from one pair or quad 
to the other throughout the entire length of the cable, 
notwithstanding the fact that the two pairs or quads 
should be laid at different regular pitches. 

c. Each of the individual pairs or quads need not be 
laid at one and the same pitch throughout the overall 
length of the cable (except for those portions of a right 
and left-stranded cable at which the direction of strand 
ing is inverted from the right to the left or vice versa), 
but may be laid at stepwisely varying pitches unless ir 
regular stranding of the cable is thereby caused and if 
the desired electrical properties are maintained and the 
resultant cable is endowed with satisfactory flexibility. 
On the basis of these new discoveries which in them 

selves are apparently contrary to the long accepted fun 
damental principle of communication cable produc 
tion, the present invention aims, as its important object, 
at providing improved communication cables which 
can be manufactured at an extremely increased 
production rate and at a low cost but which is capable 
of offering satisfactory electrical and mechanical pro 
perties comparable to those attainable in the communi 
cation cables that are presently in common use. In 
order to accomplish this object the invention proposes 
to provide, as entirely new and novel, a communication 
cable with its pairs or quads laid at stepwisely varying 
pitches and a communication cable which is stranded 
at pitches stepwisely varying throughout the overall 
length of the cable. According to the invention, such 
two types of cable configurations may be adopted 
either separately or, if desired, in combination to form 
a communication cable which is not only made up of 
such pairs or quads that are laid at stepwisely varying 
pitches but stranded at pitches varying stepwisely 
throughout the whole length of the cable. 

It is another important object of the present inven 
tion to provide methods which are adapted for the 
manufacture of the communication cables according to 
the invention, which methods are easy and economical 
to be put into practice because the number of consecu 
tive steps required for completing the methods is sig 
nificantly reduced as compared with the conventional 
practices of manufacturing communication cables. 

It is still another important object of the present in 
vention to provide apparatus adapted to carry out the 
methods according to the invention, the apparatus 
being made up of a significantly reduced number of 
operational elements and parts and can be constructed 
compactly without major modifications to the existing 
cable stranding machines. The communication cable 
stranding machine proposed by this invention are easy 
and economical to manufacture and to operate and can 
be readily used in combination with the existing wire 
feeding and cable winding-up machines. 
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The objects, features and advantages of the commu 

nication cables according to the present invention and 
the method and apparatus for the manufacture of the 
cables will become more apparent from the following 
description taken in conjunction with the accompany 
ing drawings in which like reference numerals and 
characters designate corresponding parts in all figures 
and in which: 

FIG. 1 is a schematic view, partially cut away, show 
ing an embodiment of the improved communication 
cable according to the present invention; 
FIGS. 2 to 8 are diagramatic views of the typical ex 

amples of the conventional communication cable 
stranding machines of various types including the ro 
tary cable winding-up type (FIG. 2), the planetary type 
(FIG. 3), the built-in wire feeding roll type (FIG. 4), 
the double stranding type (FIG. 5), the torpedo type 
(FIG. 6), the single stranded type (FIG. 7 and 8), and 
the double stranding type with a built-in cable winding 
up roll (FIG.9); 

FIG. 10 is a diagramatic view of a preferred embodi 
ment of the communication cable stranding apparatus 
according to the invention; 

FIG. 11 is a side elevation of a practical example of 
the apparatus basically constructed as illustrated in 
FIG.9; 

FIG, 12 is a view similar to FIG. 9 but now shows 
another preferred embodiment of the communication 
cable stranding apparatus according to the invention; 

FIG. 13 is a side elevation of a practical example of 
the apparatus shown diagramatically in FIG. 11; 

FIGS. 14, 15 and 16 are diagramatic views showing 
some modifications of the apparatus illustrated in FIG. 
9; 

FIG. 17 is a diagramatic view showing a communica 
tion cable stranding apparatus in which the apparatus 
shown in FIG. 9 is used as a cable drawing-out 
machine; 
FIG. 18 is also a diagramatic view showing a commu 

nication cable stranding apparatus in which the ap 
paratus shown in FIG. 11 is used as a cable drawing-out 
machine; 

FIG. 19 is a diagramatic view showing still another 
modification of the communication cable stranding ap 
paratus according to the invention, the modification 
being made to the conventional stranding machine of 
FIG. 18; 

FIG. 20 is a side elevation of a practical example of 
the apparatus schematically illustrated in FIG. 19; 

FIG. 21 is a diagrammatic view showing a further 
modification of the apparatus illustrated in FIG. 19; 

FIG. 22 is a side elevation of a practical example of 
the apparatus schematically illustrated in FIG. 21; 

FIG. 23 is a fragmentary sectional view showing a 
still further modified form of the communication cable 
stranding apparatus implementing the present inven 
tion; and 

FIG. 24 is a front end view of the apparatus illus 
trated in FIG. 23. 
Now, before entering into detailed discussion of the 

present invention, it may be mentioned that the term "- 
strand' used as noun is intended to refer to a pair or 
quad of component conductors which are twisted 
around each other. It may also be mentioned that the 
term “laying" is herein used to refer to the twisting of 
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4 
the component conductors into a strand (which may be 
a pair or quad) and that the term "stranding' is in 
tended to mean the twisting of a plurality of strands 
into a stranded or assembled cable. 

Referring to FIG. 1, there is illustrated a preferred 
embodiment of the communication cable according to 
the present invention. As shown, the cable which is 
generally represented by reference numeral 1 com 
prises strands 2 each of which is made up of component 
conductors 2a and 2b laid around each other, the 
strands 2 thus being herein shown as pairs. Designated 
by reference numeral 3 is a protective sheath which 
covers the strands 2; the protective sheath 3 is herein il 
lustrated as partially removed so as to clearly show the 
variation of the pitches of stranding of the cable 1. The 
hatching with thick lines illustrates the stepwise varia 
tion of the stranding pitches of the cable 1 between 
portions indicated by reference characters A and B. As 
illustrated, the component conductors 2a and 2b are 
laid around each other so as to form a single strand 2 
and the pitches at which the component conductors 2a 
and 2b are laid together decreases stepwisely from por 
tion A to portion B. It will thus be understood that the 
cable illustrated in FIG. 1 is a third type of the commu 
nication cable according to the invention, in which not 
only the component conductors but the strands formed 
thereby are twisted at pitches which vary in predeter 
mined unit lengths but the elementary pitches in each 
of the predetermined unit lengths are kept constant. 
The configurations of the communication cables em 

bodying the present invention will be described in more 
detail as the description proceeds. 

In the conventional techniques for producing com 
munication cables, it is a common practice to use a 
capstan or a set of capstans whereby the cable is 
stranded at one and the same pitch throughout the 
overall length of the cable. This will means that, if such 
capstans are removed from the cable stranding 
machine, then the cable would be stranded at pitches 
varying in one way or another. A specially designed 
slipping device is also usually provided in the existing 
cable stranding machine whereby the feeding reels and 
the winding-up reels are rotated in strict synchronism 
with the capstans. Provision of such a costly and in 
tricately constructed slipping device, therefore, results 
in an increased production cost and a limited stranding 
speed of communication cables. 
A typical example of the cable stranding machines 

presently in common use is illustrated schematically in 
FIG. 2. The cable stranding machine as illustrated com 
prises a series of feeding reels 10a, 10b, 10c, 10d, 10e, 
10f and 10g on which are wound a series of strands 11a, 
11b, 11c, 11d, 11e, 11f and 11g, respectively, which 
have been supplied from the preceding conductor lay 
ing stages (not shown). The strands 11a to 11g are 
passed between a pair of guide rolls 12 and 12" which 
are positioned posterior to the last feeding reel 10g as 
illustrated and which are rotated at regulated speeds. 
Past the guide rolls 12 and 12' is mounted an apertured 
disc 13. The disc 13 is rotatable freely about its center 
and has formed circumferentially therein a series of 
apertures (not identified) through which the individual 
strands 11a to 11g are passed and separated from each 
other. The strands 11a to 11g are configured, when 
being passed through the apertured disc 13 and thereby 
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separated from each other, in a circular form as a 
whole when viewed in section. A hollowed rotary 
cylinder 14 is mounted in alignment with the apertured 
disc 13 and is driven for rotation in the direction of the 
arrow r. A forming die 15 is mounted on the rotary 
cylinder 14 and positioned in line with the center point 
of the apertured disc 13 as illustrated. The strands 11a 
to 11g which have passed through the apertures of the 
disc 13 are fed into the forming die 15 rotating with the 
rotary cylinder 14 and are thereby stranded into a sin 
gle cable 11 at a predetermined constant pitch. A set of 
cooperating capstans 16 and 16" which are driven for 
rotation at a common circumferential speed are ac 
commodated in the rotary cylinder 14 and are rotated, 
in their entireties, with the rotary cylinder 14 in the 
direction of the arrow r as shown. The cable 16 which 
has been formed as it leaves the rotating die 15 is 
thereafter drawn by the thus arranged capstans 16 and 
16'. The rotary cylinder 14 further has accommodated 
therein a grooved pulley 17, a traversing device 18 
adapted to move the grooved pulley 17 reciprocally in 
the directions of the arrow t at a fixed speed, and a 
cable winding-up reel 19 which is rotated about an axis 
rectangular to the axis of rotation of the rotary cylinder 
14. The cable 11 which has been passed from the cap 
stans 16 and 16' is then guided by the grooved pulley 
18 and is wound uniformly on the winding-up reel 19 as 
the traversing device 18 reciprocates in the directions 
of arrow t. Here, it may be noted that the forming die 
15, capstans 16 and 16", grooved guide pulley 17, 
traversing device 18 and cable winding-up reel 19 are 
all rotated about an axis which is in line with the 
direction in which the cable 11 advances in the rotary 
cylinder 14. 
The winding-up reel 19 is usually provided with a 

mechanism (not shown) which is adapted to regulate 
both the speed of rotation of the winding-up reel 19 
and the tension in the cable 16 to be wound on reel 19 
in accordance with the speed at which the cable 11 is 
drawn by the capstans 16 and 16'. Examples of such 
speed and tension regulating mechanism, as frequently 
put on practical use, are a slip-coupling brake and a 
torque motor. 

If, now, the capstans 16 and 16' and devices required 
to drive the capstans for rotation are removed from the 
cable stranding machine illustrated in FIG. 2 are to be 
removed and if the cable winding-up reel 19 is rotated 
at a speed constantly proportional to the speed of rota 
tion of the rotary cylinder 14 without use of speed and 
tension regulating mechanism, then the cable winding 
up reel 19 will act as capstans and as a result the whole 
construction of the cable stranding machine will be sig 
nificantly simplified to the advantage of the production 
cost and efficiency. In this instance, the pitch of strand 
ing of the cable will be dictated by the ratio between 
the speed of rotation of the rotary cylinder 14 and the 
speed of rotation of the cable winding-up reel 19. If, 
now, the outside diameter of the winding-up reel 
(namely, the diameter at which the cable is initially 
wound on the reel) is D, the outside diameter of the 
roll of the cable finally wound on the winding-up reel 
19 is D, the pitch of the cable initially stranded is P, 
and the pitch of the cable finally stranded is P, then the 
following relationship will hold: 
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6 
P =P. (D/D) Eq. I 

It therefore follows that the pitch of stranding of the 
cable, starting with P, will be increased stepwisely in 
unit lengths in which the cable is wound to form a com 
mon layer on the winding-up reel, terminating with P. 
If the initial pitch of stranding is 200mm and the diame 
ters D and D, are 500mm and 800mm respectively, the 
pitch of stranding of the cable will be increased step 
wisely to 320mm. Experiments conducted by the inven 
tor have revealed that such stepwise variation in the 
pitch of stranding of a cable is fully acceptable at least 
insofar as the cables of about 300mm outside diameter 
are to be used. It will be, in this instance, understood 
that the communication cables stranded in this manner 
can be considered to be made up of a series of conven 
tional cables which are connected to each other in a 
number corresponding to the number of layers of the 
cable wound on the winding-up reel and each of which 
is stranded at a pitch uniform in each of its unit lengths 
but different from the pitch of stranding of in any other 
unit lengths of the cables. This is the very reason for 
which the communication cables stranded at stepwisely 
varying pitches are sufficiently comparable in electrical 
properties to the communication cables which are 
stranded at uniform pitches as practiced so far. 
According to one important aspect of the present in 

vention, therefore, a drastically improved communica 
tion cable which is stranded at stepwisely varying 
pitches is provided, the cable being stranded in such a 
manner that a plurality of strands (pairs or strands) of 
component conductors are drawn to and simultane 
ously wound on a winding-up reel which has a drum 
and flanges of predetermined diameters and which is 
rotated in the direction in which the cable to be wound 
advances and that the rotary cylinder imparting to the 
winding-up reel a rotation about an axis which is in line 
with the direction of advancement of the cable is 
rotated at a speed related to the speed of rotation of the 
winding-up reel. 

This type of communication cable according to the 
present invention may be produced with use of cable 
stranding apparatus of different constructions. An ex 
ample of such apparatus is a cable stranding machine of 
planetary type, in which a series of feeding reels are 
mounted on a rotary cylinder and are rotated about an 
axis which is parallel to the direction of advancement 
of the strands of component conductors and a capstan 
and, a winding-up reel are rotated solely in the 
direction of advancement of the group of the individual 
strands. For application of the stranding machine of 
this type for the manufacture of the communication 
cable according to the invention, the capstan and a 
mechanism for regulating the rotation of the winding 
up reel are removed so that the winding-up reel is 
rotated at a speed relative to the speed of rotation of 
the rotary cylinder and that the winding-up reel serves 
not only for winding up the stranded cable but for 
drawing the cable from the twisting stage, similarly to 
the cable stranding apparatus previously outlined. 

It will now be appreciated that the cable stranding 
apparatus which are constructed as proposed by this in 
vention feature (1) a reduced production cost of the 
apparatus per se, (2) an improved production efficien 
cy and a simplified operation, (3) an increased opera 
tional speed of the apparatus, (4) a reduced floor space 
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requirement for the installation in a factory of the ap 
paratus, and (5) and a reduced production cost of the 
communication cables produced by the apparatus and 
in the method hereinbefore outlined. 
According to another important aspect of the 

present invention, a communication cable which is 
made up of the strands of component conductors which 
are laid around each other at pitches stepwisely varying 
throughout the overall length of the cable which the 
strands constitute. This type of improved cable can be 
produced in a manner essentially similar to the produc 
tion of the previously described types of the communi 
cation cables according to the invention, namely, to the 
communication cables which are stranded at stepwisely 
varying pitches, as will be discussed in more detail in 
connection with the drawings. This second type of the 
communication cable embodying the present invention 
offers the same features as those attained in the first 
type of the communication cable which also embodies 
the present invention. Here, suffice it to say that the 
variation of the pitch of laying of the strands of com 
ponent conductors is dictated by Equation I which has 
previously been presented. 

It may also be mentioned in this instance that, 
although the elementary pitch of laying of the com 
ponent conductors can be varied in any desired manner 
from one unit length to another insofar as the same is 
kept constant in each of the unit lengths, all the strands 
of component conductors should be laid at pitches 
regularly varying from one terminal to the other so as 
to have any adjacent strands laid at pitches different 
from one strand to the other. This requirement is 
completely met with by the communication cables con 
structed as hereinbefore described. 
Although the winding-up reel has been hereinbefore 

discussed as rotated at a speed constantly proportional 
to the speed of rotation of the rotary cylinder, the rota 
tion of the winding-up reel is closely related to the rota 
tion of the feeding reels in the absence of the capstans 
so that the feeding reels in lieu of the winding reel may 
be rotated at a speed constantly proportional to the 
speed of rotation of the rotary cylinder. 
According to a third important aspect of the present 

invention, the specific constructions of the above 
described two types of communication cables embody 
ing the invention may be combined in a single commu 
nication cable which is characterized in that the com 
ponent conductors to form each of the strands are laid 
at stepwisely varying pitches and in that the strands 
formed in this manner are stranded at stepwisely vary 
ing pitches throughout the whole length of the cable. 
Such construction arrangement of the third type of 
communication cable according to the invention will 
greatly contribute to the improvement in the produc 
tion of communication cables on a commercial basis. 

In the manufacture of such combined type of com 
munication cables according to the invention, it is 
preferable that the strands of component conductors 
which are laid at stepwisely increasing pitches be 
stranded into a cable at stepwisely decreasing pitches. 
This is advantageous for the purpose of preventing the 
strands of component conductors from being further 
twisted or untwisted when the strands are twisted into a 
cable or of further increasing the variation of the 
pitches at which the component conductors are laid 
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8 
into a strand. It is, therefore, further preferable in the 
formation of the third type of communication cables 
that the component conductors and the strands formed 
thereby be twisted in the same direction and that the 
strands of component conductors laid at stepwisely in 
creasing pitches be stranded into a cable at stepwisely 
decreasing pitches, whereby not only the individual 
component conductors can be prevented from being 
objectionably twisted or untwisted as the strands of the 
component conductors are stranded into a cable but 
also the individual strands are stranded in a direction in 
which the pitches of stranding thereof decreases. 

Various methods and apparatus, and modifications 
thereof, which are adapted to produce the improved 
communication cables according to the present inven 
tion will be herein described but, for the better un 
derstanding of the features and advantages of such 
methods and apparatus, it will be of convenience to 
review constructions and operations of typical exam 
ples of the cable stranding machine which are now in 
COO Se. 

FIG. 3 illustrates the basic construction of an existing 
cable stranding machine of planetary type, in which the 
speed of stranding is usually limited to the range of 
about 150 rp.m. to about 200 rp.m. because of the 
fact that the feeding reels are disposed substantially on 
the same plane and mounted for rotation of a common 
rotary structure. 
As seen in FIG. 3, the cable stranding machine of 

planetary type is shown to include feeding reels 10a 
and 10b which are mounted for rotation in casings 20a 
and 20b, respectively. The feeding reels 10a and 10b 
have wound thereupon strands 11a and 11b, respec 
tively, and are rotated in the casings 20a and 20b, 
respectively, in a direction in which the strands 11a and 
11b are unwound and fed therefrom. The casings 20a 
and 20b, in turn, are mounted for rotation on a rotary 
structure 21 which is rotated by a suitable driving 
source (not shown). Thus, the feeding reels 10a and 
10b are not only rotated within the casings 20a and 
20b, respectively, but revolved together about an axis 
in which the strands 11a and 11b are unwound and 
drawn from the respective feeding reels 10a and 10b as 
the rotary structure 21 is rotated. An apertured disc 13 
is connected for rotation with the rotary structure 21 
and has formed circumferentially therein apertures 
(not identified) corresponding in number to the 
number of strands to be passed therethrough. The 
strands 11a and 11b fed from the individual feeding 
reels 10a and 10b, respectively, are thus passed through 
the apertures formed in the apertured disc 12 which 
rotates with the rotary structure 22 and are then fed 
into a die 15 which is held stationary relative to the ro 
tary structure 21. As the individual strands 11a and 11b 
are passed through the die 15, they are twisted into a 
stranded cable 11 with the apertured disc 13 and the 
rotary structure 21 rotating relative to the stationary 
die 13. The cable 11 thus formed is then drawn by a 
capstan 16 at a regulated speed. Where it is desired that 
an untwisting operation of the strands 11a and 11b are 
to be effected, the casings 20a and 20b may be rotated 
in the direction reverse to the direction of rotation of 
the rotary structure 21 by one turn per rotation of the 
structure 21. Unless such untwisting operation of the 
individual strands is required, the casings 20a and 20b 
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are rotated together with the rotary structure 21 and 
the strands 11a and 11b are twisted as they pass 
through the apertured disc 13 and the die 15, as 
discussed above. As is apparent from the illustration of 
FIG. 3, the cable stranding machine of this type has 
drawbacks in that the cable stranding speed is critically 
limited because of the increased diameter of rotation of 
the individual casings 20a and 20b and because the 
feeding reels 10a and 10b are rotated relative to the 
respective casings 20a and 20b in directions rectangu 
lar to the direction of advancement of the strands 11a 
and 11b which are unwound from the respective feed 
ing reels 10a and 10b. 

FIGS. 4, 5, 6, 7, 8 and 9 are presented to diagramati 
cally illustrate the relative sizes of the rotary structures 
and the basic principles of twisting the strands or com 
ponent conductors in various types of conventional 
cable stranding machines using feeding reels of identi 
cal dimensions, wherein like reference numerals 
designate corresponding parts and elements and the 
dash-and-dot lines indicate the directions of advance 
ment of the strands or the stranded cable. 

Referring to FIG. 4 which shows an existing double 
stranding machine, two feeding reels 10a and 10b are 
juxtaposed in parallel to each other and are mounted 
for rotation about a common axis in a rotary structure 
21. The rotary structure 21 can be rendered more com 
pact and smaller-sized than the counterpart of the 
cable stranding machine of planetary type, because the 
feeding reels 10a and 10b can be mounted on a single 
rotary shaft (not shown). Since, however, the axis of 
rotation of the feeding reels 10a and 10b is still rectan 
gular to the directions of advancement of the respec 
tive strands 11a and 11b as illustrated, it is practically 
impossible to have the rotary structure 21 built in so 
reduced a size as to be capable of rotating at a suffi 
ciently increased speed. As a matter of fact, the speed 
of rotation of the rotary structure 21 available with the 
stranding machine of this type is limited to the range of 
about 800 rp.m. to about 1000 rp.m. Represented by 
reference. numeral 15 is an additional die over which 
the stranded cable 11 is passed clear. 

FIG. 5 illustrates a modified form of the double 
stranding machine which is similar in function to the 
stranding machine shown in FIG. 4, wherein two feed 
ing reels 10a and 10b are positioned in series with each 
other lengthwise in a rotary structure 21 so that the 
diameter of the rotary structure 21 can be considerably 
reduced. The reduction in the radius of rotation of the 
rotary structure 21 in this manner is, however, offset by 
an increased longitudinal length of the rotary structure 
21, thus placing an unavoidable limitation to the reduc 
tion of the rotary structure 21 in its entirety. On top of 
this, since the axes of rotation of the two feeding reels 
10a and 10h are rectangular to the directions of ad 
vancement of the strands 11a and 11b unwound respec 
tively therefrom, a limitation is also placed to the speed 
of rotation of the rotary structure 21. 

Illustrated in FIG. 6 is a cable stranding machine of 
torpedo type, which is essentially similar in construc 
tion arrangement to the stranding machine of FIG. 5 in 
that feeding reels 10a and 10b are, as shown, positioned 
to be in series with each other in the lengthwise 
direction of the rotary structure or torpedo 2i thereby 
to reduce the diameter of the cylindrical portion of the 
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rotary structure 21. Such reduction in the diameter is, 
similarly to the rotary structure of FIG. 5, sacrificed by 
the increased longitudinal length of the rotary structure 
21. Since, moreover, the axes of rotation of the feeding 
reels are rectangular to the directions in which the 
strands 11a and 11b unwound respectively therefrom 
are made to advance and since the strand 11 a drawn 
from the feeding reel 10a, which is remoter from an 
apertured disc 13 than the other feeding reel 10b as il 
lustrated, must be passed clear of the feeding reel 10b 
while being rotated with the rotary structure 21, it is 
still required that the rotary structure 21 be con 
structed with a considerably large outside diameter 
resulting in a large radius of rotation of the rotary struc 
ture. The speed of rotation of the rotary structure 21 is, 
as a consequence, limited to the order of 1000 rp.m. 
where feeding reels of usual size are employed. 
Turning to FIG. 7, here is illustrated a conventional 

cable stranding machine of the type in which the 
stranded cable is wound-up within a hollowed rotary 
structure. The rotary structure 21 of the stranding 
machine of this type has accommodated therein a cap 
stan 16, a grooved guide pulley 17, a traversing device 
18 and a winding-up reel 19, as illustrated. The rotary 
structure 21 has also provided therein a mechanism 
which is adapted to have the speeds of rotation of the 
capstan 16 and the winding-up reel 19 synchronized 
during operation. Moreover, the winding-up reel 19 is 
rotated in a direction rectangular to the direction in 
which the stranded cable 11 advances toward the wind 
ing-up reel 19 inside the rotary structure 21 which is 
rotating. Thus, it will be understood that the speed of 
stranding of the communication cable with use of the 
stranding machine of this type is still subject to a cer 
tain limitation because various parts and members must 
be mounted inside the rotary structure 21 to add to the 
overall size and weight thereof and because the wind 
ing-up reel 19 and the rotary structure 21 accom 
modating the reel 19 are rotated in different relative 
directions. The speed of rotation of the rotary structure 
21 in this example of the cable stranding machines is 
about 500 r.p.m. to about 700 r.p.m. where usual com 
ponent conductors are to be used. The capstan 16 may 
be positioned outside the rotary structure 21 so as to 
decrease the overall dimensions and weight of the ro 
tary structure but such will not result in a significant in 
crease in the stranding speed of the cable, as will be 
readily understood. 

FIG. 8 illustrates a modification of the cable strand 
ing machine of FIG. 7, in which a grooved guide pulley 
17, a traversing device 18 and a winding-up reel 19, all 
of which are invariably accommodated within the ro 
tary structure 21, are positioned in such a manner that 
the stranded cable 11 is wound on the winding-up reel 
19 in the same direction as the direction of rotation of 
the rotary structure 21, namely, the winding-up reel 19 
is rotated about an axis in line with the axis of rotation 
of the rotary structure 21. With this improvement made 
to the cable stranding machine of FIG. 7, the speed of 
rotation of the rotary structure 21 can be increased to 
the order of 1000 rp.m. but, because the rotary struc 
ture 21 must accommodate therein the various space 
taking components such as the capstan 16, pulley 17, 
traversing device 18 and winding-up reel 19, can not be 
further increased to full satisfaction. 
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FIG. 9 illustrates one of the presently most advanced 
communication cable stranding machines of double 
stranding type whereby a considerably increased cable 
stranding rate can be attained. 
Drawbacks inherent in any of the conventional cable 

stranding machines are still encountered in this ad 
vanced type of double stranding machine in that the ro 
tary structure 21 has invariably accommodated therein 
a set of capstans 16 and 16" a grooved guide pulley 17, 
a traversing device 18 and a cable winding-up reel 19 
and in that the axis of rotation of the winding-up reel 19 
is rectangular to the axis of rotation of the rotary struc 
ture 21. The cable stranding machine of this type is 
nevertheless advantageous because all the components 
and parts to be accommodated inside the rotary struc 
ture 21 are supported in such a manner as to be held at 
rest in the direction rectangular to the axis of rotation 
of the rotary structure 21 so that it is the rotary struc 
ture alone that is subject to rotation. The rotary struc 
ture 21 thus arranged can be rotated at an increased 
speed of about 1000 rp.m. to about 1200 rp.m. result 
ing in a stranding speed of about 2000 to 2400 pitches 
per minute. The performance efficiency available in 
this type of stranding machine is also improved because 
of the very fact that the machine is of the double 
stranding type. In spite of such an increased stranding 
speed and improved performance efficiency, the cable 
stranding machine herein shown is not fully acceptable 
for the extremely increased longitudinal length of the 
rotary structure 21. 
The drawbacks and disadvantages which are in 

herent in any of the conventional communication cable 
stranding techniques as heretofore been pointed out 
are completely eliminated in the methods and ap 
paratus therefor according to the present invention, 
owing to introduction of a drastically new and novel 
concept that the strands of component conductors 
and/or the conductor to form the strand need not be 
stranded or laid at a uniform pitch throughout the 
overall length of the cable. Such new concept of com 
munication cable stranding makes it possible to have 
the feeding reels and the winding-up reel positioned in 
a more reasonable configuration that will contribute to 
increasing the cable stranding speed, reducing the 
number of components and parts of the stranding 
machines, simplifying the entire process of the cable 
stranding operation, improving the performance effi 
ciency of communication cable production, and signifi 
cantly reducing the cost and labor required for the 
Manufacture of communication cables which are fully 
comparable in crosstalking preventive ability to those 
communication cables which are manufactured in the 
systems presently in common use. As a matter of fact, 
according to the present invention, the feeding and/or 
winding-up reels are positioned so that the axes of rota 
tion of the reels are in alignment with the direction of 
advancement of a stranded cable or a strand of com 
ponent conductors. The costly and intricately con 
structed mechanism which has been required to 
synchronize the speeds of rotation of the capstan and 
the reels is dispensed with in the apparatus proposed by 
this invention. The rotary structure of the constructions 
hereinbefore described and shown as invariably used in 
the conventional communication cable stranding 
machines of various types is also removed from the 
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cable stranding apparatus according to the invention. 
Due to these and other improvements incorporated in 
the methods and apparatus according to the present in 
vention, the speed of communication cable stranding 
speed can be greatly increased to about 3000 r.p.m. to 
about 5000 r.p.m. The methods and the apparatus 
therefor as proposed by this invention, furthermore, 
can be modified in various manners so as to meet vari 
ous requirements of communication cables. 
The basic concept of the methods and apparatus 

which are adapted for the manufacture of the commu 
nication cables according to the invention will be un 
derstood from observation of FIG. 10 which diagra 
matically illustrates a fundamental construction of a 
first embodiment of the communication cable strand 
ing apparatus according to the invention. As illustrated, 
the cable stranding apparatus essentially comprises an 
apertured disc 30 having formed substantially circum 
ferentially therein a plurality of apertures (not 
identified) through which a plurality of strands which 
are shown as two in number by reference numerals 2 
and 2' for instance are separated from each other and 
disposed on a substantially circular configuration when 
viewed in section, a rotary flyer 31 positioned in align 
ment with the apertured disc 30, a forming die 32 
mounted centrally of the flyer 31 through which die the 
component strands 2 and 2' disposed regularly by the 
apertured disc 30 are stranded into a cable 1 as the 
flyer 31 is rotated, and a winding-up reel 33 positioned 
past the flyer 31 and rotated relative to the flyer about 
an axis which is substantially in line with the axis of 
rotation of the flyer whereby the stranded cable 1 is 
wound on the reel 33 for storage. The winding-up reel 
33 is reciprocated in the direction of axis of rotation 
thereof so that the cable 1 is wound thereon forming a 
plurality of layers. If, therefore, the winding-up reel 33 
is rotated at a constant speed, then the cable 1 will be 
wound on the reel 33 at a speed stepwisely increasing 
from one unit length to another in which the wound 
cable forms an individual layer with the result that the 
pitch of stranding of the cable varies stepwisely at inter 
vals determined by the reciprocating movement of the 
reel33. The pitch of the stranding of the cable is, as will 
be discussed in more detail as the description proceeds, 
also determined by the relationship among the speed at 
which the strands 2 and 2' are fed, the speed of rotation 
of the flyer 31 and the speed of rotation of the winding 
up reel. 

It should be understood in this instance that, 
although the apparatus is described in the above discus 
sion as used for stranding the strands of component 
conductors to form a stranded or assembled cable, the 
same apparatus can be used for the purpose of laying 
the component conductors into an individual strand 
which is to eventually form a component of the cable. 

Also, the apparatus described in the above is con 
structed and operated as a combination stranding and 
winding-up apparatus with the reel 33 serving as a 
cable winding-up reel but, if desired, the same ap 
paratus may be utilized, without any modification 
thereto, as a combination feeding and stranding ap 
paratus in which the reel 33 is employed as a feeding 
reel having wound thereon a set of parallel strands (or 
component conductors) which are fed and stranded in 
a direction inverted from the direction in which the 
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strands are fed where the apparatus is used as a com 
bination stranding and winding-up apparatus, as will be 
later described in more detail. 

Thus, in the methods and apparatus according to the 
present invention, the previously generally accepted 
taboos are upset completely by the introduction of a 
new concept that the cable, or the component conduc 
tors to be stranded into the cable, can be stranded at 
stepwisely varying pitches. This new concept provides 
the outstanding features of the present invention in that 
the feeding or winding-up reel can be used as a capstan, 
that the cable or strands of component conductors can 
be wound or fed along a line aligned with the axis of 
rotation of the reel and that the feeding or winding-up 
reel can be rotated about an axis of rotation about 
which the strands or the component strands are twisted 
into a cable or a strand respectively. 
Such new concept and the features of the methods 

and apparatus will be more clearly understood from the 
following description taken with reference to FIG. 11 
which illustrates in detail a practical example of the 
constructions of the stranding apparatus diagramati 
cally shown in FIG. 10. 
The stranding apparatus shown in FIG. 11 comprises 

a set of cooperating capstans 34 and 34" which are 
driven from a main driving means or motor 35 through 
V-sheaves 36 and 37 whereby the strands 2 and 2' of 
previously laid component conductors or wires 2a and 
2b (FIG. 1) are fed. The V-sheave 36 is driven from the 
main driving means or motor 35 through a power trans 
mission shaft 38. Past the capstans 34 and 34" is 
mounted an apertured disc member 30 which, as previ 
ously mentioned with reference to FIG. 10, has formed 
substantially circumferentially therein a plurality of 
apertures (not identified in the drawing) through which 
the strands 2 and 2', shown as only two in number for 
simplicity of illustration, are separated from each other 
and disposed in a substantially circular configuration 
when seen in section. The apertured disc member 30 is 
supported to be freely rotatable about its center point 
around which the apertures are disposed. The rotary 
flyer 31 which is schematically illustrated in FIG. 10 is 
supported by a stationary pedestal 39 through a rotary 
shaft 40 which is secured to the flyer 31 and which is 
rotatably journalled into the pedestal 39, as illustrated 
in FIG. 11. The rotary shaft 40 of the flyer 31 is driven 
for rotation either by the main driving means or motor 
35 through a series of V-sheaves 41, 42, 43 and 44 or 
by a torque motor 45 through the V-sheave 44 and a V 
sheave 46 driven by the torque motor 45. The V-sheave 
41 is first driven by the main driving means or motor 35 
through a gear 47 mounted on a shaft 47a coupled with 
the main driving means or motor 35 and a gear 48 
meshing with the gear 47 and mounted on a shaft 48a. 
The V-sheaves 42 and 43 carrying the driving power 
from the associated V-sheave 41 are supported on a 
transmission shaft 49 which is free for rotation with the 
V-sheaves 42 and 43. The V-sheave 44 is supported on 
a portion 4.0a of the rotary shaft 40 extending from the 
bracket 39 and conveys the driving power from the V 
sheave 36 to the rotary shaft 40, thereby driving the 
flyer 31 to rotate in either direction as the case may be. 
The V-sheave 45, which is coupled with the torque 
motor 46 through a shaft 46a, is driven by the torque 
motor 45 through the shaft 46a and carries the driving 
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power to the associated V-sheave 44 so as to drive the 
flyer 31. The torque motor 45 is made operative only 
when the flyer 31 is not driven from the main driving 
means or motor 35 as will be discussed in detail as the 
description proceeds. As indicated by phantom lines, 
beltings are passed on the mutually cooperating V 
sheaves as customary. 
The rotary shaft 40 is hollowed in its axial direction 

and has mounted on the leading end of its extended 
portion 4.0a a forming die 32 as previously noted in 
connection with FIG. 10. The strands 2 and 2' of com 
ponent conductors (which may be laid either at a 
uniform pitch as conventional or at stepwisely varying 
pitches according to the invention) are stranded into an 
assembled cable 1 as the strands are passed through 
and twisted by the die 32, as will be discussed later. 
The flyer 31 has mounted thereon a support or sup 

ports 31a extended therefrom in the direction opposite 
to the forming die 32, as illustrated. A series of grooved 
guide pulleys which are herein shown as three in 
number by reference numerals 50, 51 and 52 are 
mounted rotatably on each of the supports 31a, 
whereby the stranded cable 1, which has been passed 
through the bore (not numbered) in the hollowed ro 
tary shaft 40 from the forming die 32, is guided on the 
grooved guide pulleys 50, 51 and 52 in this sequence as 
seen in the drawing. 
A winding-up reel 33, previously mentioned in re 

gard to FIG. 10, is provided, which is supported by a 
pedestal 53 through a main shaft 54. The main shaft 54 
is integral with the shaft 48a mounting thereon the V 
sheave 41, and the gear 48 and is journalled through 
the pedestal 53 to be rotatable therein. The winding-up 
reel 33 has a pair of flanges 33a and 33b which are 
mounted on its axial ends. The winding-up reel 33 is 
rigidly secured to the main shaft 54 by means of a 
mounting flange 55 which is fast on the main shaft 54 
and a clamping bolt 56 fixed to the leading end of the 
main shaft 54, as illustrated. The axis of the main shaft 
54, the axis of rotation or the center point of the flyer 
31, and the direction of advancement of the stranded 
cable 1 through the bore in the hollowed rotary shaft 
40 are all in alignment with each other, which is 
characteristic of the apparatus according to the inven 
tion. 
The main driving means or motor 35 and the 

pedestal 54 supporting the winding-up reel 33 are 
mounted on a table 57 which is slidable back and forth 
on a base table 58. The sliding table 58 is driven for 
sliding or reciprocating movement on the base table 58 
by means of an auxiliary driving means or motor 59 
through a coupling 59a. 
The stranding apparatus thus constructed and ar 

ranged can be operated in four basically different man 
ners depending upon the applications on which the 
stranding machine is placed. Firstly, the capstans 34 
and 34' and the torque motor 45 are made operative 
and the power train through the V-sheaves 41,42 and 
43 are disconnected from the V-sheave 44, whereby a 
stranded cable is wound on the winding-up reel 33. 
Secondly, the capstans 34 and 34' and the torque 
motor 45 are held at rest and instead the flyer 31 is 
driven from the main driving means or motor 35 
through a power train established by the sheaves 41, 
42, 43 and 44, whereby a stranded cable is wound on 
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the winding-up reel33. Thirdly, the reel33 is utilized as 
a feeding reel on which a separably combined parallel 
strands of laid component conductors as indicated by 
reference numeral 1 in FIG. 11 are wound. In this in 
stance, the separably combined parallel component 
strands 1' are unwound from the reel 33 and are fed in 
a direction reverse to the direction of advancement of 
the stranded cable as in the first and second applica 
tions of the stranding apparatus. The flyer 31 is driven 
for rotation from the torque motor 45 through the V 
sheaves 46 and 44 and the strands 1' are drawn by the 
capstans 34 and 34 and stranded as they pass through 
a second forming die 32' which is positioned between 
the apertured disc member 30 and the capstan 34. The 
thus stranded cable which is now indicated by 
reference numeral 1 is wound on a winding-up reel 
which is positioned desiredly posterior to the capstans 
34 and 34'. The fourth application is similar partly to 
the second application and partly to the third applica 
tion, because the reel 33 is used as feeding reel with 
separably combined parallel strands wound thereon 
and because the flyer 31 is driven from the main driving 
means or motor 35 through the power train including 
the sheaves 41,42, 43 and 44 with the capstans 34 and 
34' and the torque motor 45 kept inoperative. Thus, it 
will be understood that the apparatus of FIG. 11 can be 
utilized as a combination stranding and winding-up ap 
paratus as in the first and second applications and as a 
combination feeding and stranding apparatus as in the 
third and fourth application. The differences between 
the cables resulting from the first and third applications 
and between the cables resulting from the second and 
fourth applications will become apparent from the 
description to follow. In any of the applications or the 
methods herein proposed, the reel 33 which may be 
utilized either as a winding-up reel or as a feeding reel 
is securely mounted on and rotated with the main shaft 
54 and the axis of the main shaft 54 is substantially in 
line with the stranded cable (in the first and second ap 
plications) or the separably combined parallel strands 
(in the third and fourth applications). This is the very 
reason for which the cable stranding speed can be in 
creased remarkably in the methods and apparatus ac 
cording to the present invention. 

In the following discussion of the four applications of 
the apparatus shown in FIG. 11, the apparatus is 
described as used for stranding the strands of laid con 
ductors into a cable but it is quite apparent that the 
same apparatus can be used for the purpose of laying 
component conductors into a strand which is to finally 
form part of the assembled communication cable. 

First Application 
The strands 2 and 2' of component conductors which 

have been laid at a preceding stage are wrapped on the 
capstans 34 and 34' and are thereafter passed over to 
the forming die 32 through the apertured disc 30, as il 
lustrated in FIG. 11. The strands 2 and 2' are stranded 
together into a cable 1 when they pass through the die 
32 which is rotated together with the apertured disc 30 
and the flyer 31. The flyer 31 is driven for rotation from 
the torque motor 45 through the V-sheaves 44 and 46 
with the power train through the V-sheaves 41, 42 and 
43 kept disconnected from the flyer 31. The stranded 
cable 1 is passed over to the winding-up reel 33 through 
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the grooved guide pulleys 50, 51 and 52 which are 
rotatably mounted on the support 31a extending from 
the flyer body 31. The stranded cable 1 is wound on the 
winding-up reel 33 as the flyer 31 is rotated around the 
reel 33. In this instance, the flyer 31 is rotated around 
the reel33. In this instance, the flyer 31 serves not only 
to let the cable 1 be wound on the winding-up reel 31 
but to let the strands 2 and 2' be drawn from the cap 
stans 34 and 34'. The strands 2 and 2' and the resultant 
cable 1 are maintained at a substantially constant ten 
sion through adjustment of the speed of rotation of the 
torque motor 45. The winding-up reel 33 is secured to 
the main shaft 54 and is driven for rotation at a 
predetermined speed from the main driving means or 
motor 35 through the gears 47 and 48 meshing with 
each other. The capstans 34 and 34' are driven at a 
speed constantly proportional to the speed at which the 
winding-up reel 33 is driven from the main driving 
means or motor 35, thereby determining the elementa 
ry stranding pitch in every unit length of the cable 1. 
There are, in this instance, two different manners of 
winding the stranded cable 1 on the winding-up reel33. 
That is to say, the cable 1 may be wound on the reel 
either in a manner that the flyer 31 is rotated in the 
same direction as and at a speed higher than the wind 
ing-up reel 33 thereby to have the cable 1 wound on the 
reel 33 at a rate corresponding to the difference 
between the speeds of rotation of the flyer 31 and the 
winding-up reel 33 or in a manner that the flyer 31 is 
rotated in a direction opposite to and at a speed lower 
than the winding-up reel 33 whereby the cable 1 is 
wound on the reel33 at a rate corresponding to the dif 
ference between the circumferential speed of the wind 
ing-up reel33 and the linear feeding speed determined 
by the rotation of the capstans 34 and 34". 
Assuming, now, that the flyer 31 is removed from the 

apparatus shown in FIG. 1 and that the winding-up reel 
31 alone is rotated with the capstans 34 and 34' held at 
rest, then the strands 2 and 2' will be stranded into a 
cable 1 at a pitch corresponding to the speed of rota 
tion of the winding-up reel. The thus stranded cable 1 
is, in this instance, not wound on the reel 33, as will be 
readily understood. 

If, then, the flyer 31 is mounted on the illustrated ap 
paratus and rotated at a speed equal to the speed of 
rotation of the winding-up reel 31 with the capstans 34 
and 34 still held at rest, the cable 1, stranded at the 
forming die 32, would not be wound on the winding-up 
reel 33 invariably, because there occurs no relative 
rotation between the reel 33 and the flyer 31, as will 
also be readily understood. 
Now, if either one of the flyer 31 and the winding-up 

reel33 is rotated at a speed higher than the other, then 
the stranded cable 1 will be wound on the reel 33 at a 
rate determined by the difference between the speeds 
of rotation of the flyer 31 and the reel 33. It will be un 
derstood in this instance that the direction in which the 
stranded cable 1 is wound on the winding-up reel 33 
depends upon whichever of the flyer 31 and the reel 33 
is rotated at a speed higher than the other. The dif 
ference between the speeds of rotation of the flyer 31 
and the winding-up reel33 should be in agreement with 
the speed at which the strands 2 and 2' of component 
conductors are fed through the capstans 34 and 34'. 
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Thus, in the first application of the communication 
cable stranding apparatus shown in FIG. 11, the cable 
is stranded and wound on the winding-up reel either in 
a manner that the flyer 31 and the winding-up reel 33 
are rotated at speeds different from each other with the 
capstans 34 and 34' serving merely as a guiding means 
that is allowed to rotate freely or in a manner that the 
capstans 34 and 34' are rotated at a constant speed 
with the flyer 31 allowed to freely rotate and with the 
torque motor serving simply to impart a certain tension 
to the strands 2 and 2' and the resultant cable which 
are being fed. 
The apparatus shown in FIG. 11 in this particular ap 

plication utilized as a combination stranding and wind 
ing-up apparatus in which the capstans 34 and 34' are 
operative and the flyer 31 is driven for rotation from 
the torque motor 45 with the reel 33 serving as a wind 
ing-up reel. 

Second Application 
The flyer 31 is rotated at a speed proportional to the 

speed of rotation of the reel33 serving as a winding-up 
reel in this application. For this purpose, the flyer 31 is 
driven for rotation from the main driving means or 
motor 35 through the gears 47 and 48 and the V 
sheaves 41, 42, 43 and 44 with the capstans 34 and 34' 
and the torque motor 45 kept inoperative. In this in 
stance, both the flyer 31 and the winding-up reel33 are 
driven by a common driving source so that the flyer 31 
is rotated at a speed constantly proportional to or 
synchronized with the speed of rotation of the winding 
up reel 33, as will be readily understood. The elementa 
ry pitch of stranding of the cable is in each of the unit 
lengths, therefore, determined by the relative rotation 
between the flyer 31 and the winding-up reel 33. 
Similarly to the first application, there are available two 
different manners of winding the stranded cable on the 
winding-up reel 33, one of which is to have the flyer 31 
rotated at a higher speed than the winding-up reel 33 
and the other of which is to have the winding-up reel33 
rotated at a higher speed than the flyer 31. 
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While, in the first application, the flyer 31 is rotated 
at a speed stepwisely increasing as the length of the 
cable wound a turn on the reel 33 increases because the 
strands 2 and 2' are fed at a fixed speed so that the 
overall diameter of the roll of the cable wound on the 
reel increases stepwisely from one layer to another, the 
speed at which the cable is wound on the winding-up 
reel 33 per turn of the flyer 31 increases as the overall 
diameter of the roll of the cable wound on reel 33 in 
this second application of the apparatus shown. It 
therefore follows that the elementary stranding pitch in 
every unit length of the resultant cable is determined by 
the speed of rotation of the reel 33 and the speed at 
which the strands 2 and 2' of component conductors 
are fed (so that the primary stranding pitch in each of 
the intervals of the cable is dictated by Equation I) and 
that the stepwise variation of the pitches from one unit 
length to another is dictated by the variation in the 
speed of rotation of the flyer 31. 
The tension at which the stranded cable is wound on 

the winding-up reel 33 is determined through regula 
tion of the operation of the torque motor 45 in the first 
application, while the same is determined by the back 
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tension applied to the strands 2 and 2' of component 
conductors in the secon application. 

18 
It may be mentioned in this instance that where, in 

the first application of the apparatus shown, the flyer 
31 is rotated at a speed higher than the speed of rota 
tion of the winding-up reel 33, the torque motor 45 can 
be substituted for a braking device of suitable type. In 
this instance, the tension in the stranded cable to be 
wound on the reel33 is determined by the braking ef 
fort exerted by the braking device. 

Third Application 
The third application of the apparatus shown in FIG. 

11 is different from the first and second applications in 
that the reel33 is used not as a winding-up reel but as a 
feeding reel on which a desired number of readily 
separable parallel strands of laid component conduc 
tors are wound. The thus combined parallel strands are 
separated and stranded into a cable. Advantages of this 
application are that the number of the feeding reels to 
be used can be reduced significantly and that the cable 
stranded is free from one-sided listing. 
The separably combined parallel strands 2' and 2' 

wound on the reel 33 which now acts as a feeding reel 
are unwound and guided by the grooved guide pulleys 
52, 51 and 50 over to the die 32 through the bore in the 
rotary shaft 40, as indicated by dotted lines in FIG. 11. 
The strands 2" and 2' are then passed through the 
apertured disc 30 and are thereby separated from each 
other. An additional forming die 30' is mounted im 
mediately before the capstans 34 and 34" so that the 
strands 2" and 2' separated by the apertured disc 30 
are twisted as the flyer 31 and accordingly the aper 
tured disc 30 are rotated. The thus stranded cable 
which is now represented by reference numeral 1' is 
fed to a winding-up reel (not shown) through the cap 
stans 34 and 34'. The parallel strands are unwound and 
fed from the reel 33 at a rate corresponding to the dif 
ference between the speeds at which the flyer 31 and 
the reel33 are rotated, as in the first and secon applica 
tions. If, in this instance, the flyer 31 is to be rotated at 
a speed higher than the speed of rotation of the reel 33, 
then the flyer 31 should be driven for rotation by the 
torque motor 45 through the V-sheaves 46 and 44. If, 
conversely, the flyer 31 is rotated at a speed lower than 
the speed of rotation of the reel 33, then the flyer 31 
should be driven for rotation by the torque motor 45 or 
a suitable braking device which is not shown. In this in 
stance, the tensions in the parallel strands 2" and 2' 
are determined by the voltage applied to the torque 
motor 45 or by the braking effort exerted by the brak 
ing device. It may be mentioned that the parallel 
strands 2' and 2' are unwound and fed from the reel 
33 at a fixed speed, and the pitch of stranding of the 
cable i' is stepwisely varied with the variation in the 
speed of rotation of the flyer 31, as in the first and 
second applications previously discussed. It may also 
be mentioned that, although the strands wound on the 
reel 33 have been hereinbefore described as being 
separably combined in parallel to each other, a plurali 
ty of strands may be wound in parallel to each other 
and in the same length on the reel 33, if desired. 

Fourth Application 
The fourth application of the apparatus shown in 

FIG. 11 is the combination of the second and third ap 
plications in that the flyer 31 is driven from the main 
driving means or motor 35 and that separably com 
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bined parallel strands 2' and 2' are wound on the reel 
33 which, in this instance, is used as a feeding reel. The 
capstans 34 and 34' and the torque motor 45 are kept 
inoperative in this application similarly to the second 
application previously discussed. 
The flyer 31 is driven for rotation from the main driv 

ing means or motor 35 through gears 47 and 48 and the 
V-sheaves 41, 42, 43 and 44 so as to be rotated at a 
speed proportional to the speed at which the reel 33 is 
rotated. The flyer 31 may be rotated at a speed either 
higher or lower than the speed of rotation of the feed 
ing reel 33, as in the first, second and third applications 
previously described. The cable 1" stranded from the 
strands 2' and 2' of laid component conductors is 
passed through the capstans 34 and 34’ over to a suita 
ble winding-up device positioned past the capstans 
though not shown. The tension at which the stranded 
cable 1" is pulled over from the capstans 34 and 34" is 
determined by the operation of the winding-up device. 

It will be understood that, in this fourth application 
of the apparatus shown, the flyer 31 is rotated at a con 
stant speed and that the stranded cable i' is fed at 
speeds stepwisely varying with the stepwise variation in 
the overall diameter of the roll of the strands wound on 
the reel 33, as is the case with the second application in 
which the apparatus shown in FIG. 11 is utilized as a 
combination stranding and winding-up apparatus. In 
the third and fourth applications, the same apparatus is 
utilized as a combination feeding and stranding ap 
paratus. 

In any of the applications hereinbefore described, if 
the flyer 31 and the reel 33 (which may be used either 
as a winding-up reel as in the first and second applica 
tions or as a feeding reel as in the third and fourth ap 
plications) are rotated counterclockwise when viewed 
from the right to the left of FIG. 11, then the stranded 
cable 1 (or the strands 2' and 2' of component con 
ductors) will be wound on the reel in the following 
manners wherein the flyer 31 and the reel 33 are as 
sumed to be rotated at speeds RandR, respectively. 

1. If the reel 33 is used as a winding-up reel as in the 
first and second applications and if R is greater than 
R, then the stranded cable 1 is wound on the reel33 in 
the counterclockwise direction when viewed from the 
right to the left in FIG. 11. 

2. If the reel 33 is used as a winding-up reel as in the 
above case and if R is smaller than R, the stranded 
cable 1 is wound on the reel 33 in the clockwise 
direction when viewed from the right to the left FIG. 
11. 

3. If the reel33 is used as a feeding reel as in the third 
and fourth applications and if R is greater than R, then 
the reel 33 should be so mounted on the main shaft 54 
in such a manner that the parallel strands 2' and 2' 
are wound on the reel 33 in the clockwise direction 
when viewed from the right in FIG. 11. 

4. If the reel 33 is used as a feeding reel as in the 
above and if R is smaller than R, the reel 33 should be 
positioned in such a manner that the parallel strands 2' 
and 2' are wound on the reel 33 in the counter 
clockwise direction when viewed from the right. 

In any event, where the reel 33 is rotated in the 
reverse, namely, clockwise direction when viewed from 
the right in FIG. 11, then the direction in which the reel 
33 is positioned relative to the flyer 31 or the direction 
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20 
in which the stranded cable or the parallel strands are 
wound on the reel 33 will be inverted. 

In whichever application the apparatus shown in 
FIG. 11 may be used, there do exist established rela 
tionships between the stranding pitch of the communi 
cation cable produced therein and the speeds R and R. 
of rotation of the flyer 31 and the reel 33, respectively, 
as follows: 

a. If R is greater than R, the cable is at all times 
stranded at stepwisely increasing pitches. 

b. If, conversely, R is greater than R, then the cable 
is always stranded at stepwisely decreasing pitches. 

It should be noted in this connection that the pitch of 
stranding of the communication cable according to the 
invention is stepwisely varied in its individual intervals 
within which the stranding pitch which is herein 
referred to as elementary pitch is kept constant. The 
elementary pitch is the quotient of the feeding speed 
per minute of the strands divided by the number of 
revolutions per minute of the reel 33. 
The direction of stranding of the communication ca 

bles produced as in the four (or more precisely eight 
considering the relative speeds of the flyer and the reel) 
different applications will be determined as follows: 

a. If the flyer 31 is rotated counterclockwise when 
viewed from the right in FIG. 11, the resultant cable 
will be right-stranded cable (S-cable). 

b. If, on the contrary, the flyer 31 is rotated in the 
clockwise direction when viewed from the right, then a 
left-stranded cable (Z-cable) will be produced. 
As previously discussed, the pitch of stranding of the 

communication cable produced by the method and the 
apparatus hereinbefore described and shown varies 
with (l) the overall diameter of the roll of the cable or 
strands wound on the reel 33 at a given instant during 
winding-up or feeding of the cable or strands, respec 
tively, (2) the speed at which the strands are fed at the 
given instant and (3) the speed of rotation of the reel 
33. The stranded cable or the parallei strands are 
twisted a pitch per turn on the reel33. If, therefore, the 
parallel strands are unwound a turn from the reel 33 or 
the stranded cable is wound a turn on the reel and if the 
strands are fed at a fixed speed, then the following 
equation holds: 

P = VIN, Eq, Il 
Where 

P: an elementary pitch, mm 
V: a speed at which the strands are fed at a given in 

stant, mm/min. 
N: a speed of rotation of the reel, r.p.m. 
If, now, the flyer 31 is rotated at a fixed speed, then 

P = (N-N.) at DIN, Eq. Ill 
where 
N: a speed of rotation of the flyer, r.p.m. 
D : a diameter of the roll of the cable or strands 
wound on the reel, mm. 

Since, in this instance, the cable or the strands are 
twisted one more turn per turn on the reel, the finally 
determined pitch P of stranding per unit length of the 
cable or the strands which are wound or unwound a 
turn is expressed as: 
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Eq. IV P = In DI(TDIP) + 1 = DPilar D+ P 
From Equation IV thus obtained, it is apparent that 

the pitch of stranding increases as the clementary pitch 
P becomes greater and as the overall diameter D of the 
roll of the cable wound on the reel becomes smaller. 

If, now, a cable is produced in the method described 
in the first application of the apparatus of FIG. 11 on 
condition that the diameter of the reel on which the 
stranded cable is to be wound is 300 mm, the overall 
diameter of the roll of the cable finally wound on the 
reel is 450 mm, and the elementary pitch of stranding is 
100 mm, the pitch of stranding varies with the variation 
in the diameter D of the roll of the cable as follows. 
The pitch P of the cable initially stranded and 

wound on the reel is: 

P = 300 x 100/300+ 100 = 90.4 or 11 1.8 
The pitch P, of the cable finally stranded and wound 

on the reel is: 

P = 450 x 100/450+ 100 = 93.8 or 107.6 
It will thus be understood that the communication 

cable is produced in this instance at a pitch increasing 
from 90.4 mm to 93.4 mm or decreasing from 1 1 1.8 
mm to 107.6 mm. Such variation in the stranding pitch 
of a communication cable is, where the strands are fed 
from the feeding reels at pitches varying at the same 
rates, practically negligible to provide satisfactory elec 
trical properties. Since, moreover, the elementary 
stranding pitch per se varies in agreement with Equa 
tion I where the second and fourth applications of the 
shown apparatus are to be followed, the variation in the 
stranding pitch is considered to be governed by the 
combined relationships of Equations I and IV, as will be 
readily understood. 

It will now be appreciated from the foregoing 
description of the invention that a communication 
cable with stepwisely varying pitch of stranding can be 
produced in such a manner that (1) the elementary 
stranding pitch is determined by the rotation of a wind 
ing-up or feeding reel secured to the main shaft, (2) the 
stranded cable is wound or the parallel strands of com 
ponent conductors unwound at a rate corresponding to 
the difference between the speeds of rotation of the 
reel and the flyer (wherein the unwound parallel 
strands are fed in the direction substantially in line with 
the axis of the main shaft) and (3) the elementary 
stranding pitch is varied stepwisely in the successive 
unit lengths with the difference between the speeds of 
rotation of the reel and the flyer. The method and ap 
paratus therefor arranged in this manner are ad 
vantageous over the prior art methods and apparatus in 
the following respects: . 

a. Simplified and economical construction of the ap 
paratus. 

b. Reduced floor space requirement. 
c. Balanced and stabilized motion of the apparatus as 

a whole permitting stranding at an extremely increased 
speed, because of the fact that the winding-up or feed 
ing reel is secured to the main drive shaft and rotated in 
the same direction as the direction of rotation of the 
main shaft. 

d. Improved operation safety. 
e. Wide selection of the configurations of the com 

munication cable produced, through use of four, or 
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22 
more precisely eight, different applications of the ap 
paratus shown in FIG. 11. 
The method and apparatus hereinbefore describcd 

and shown can be combined with the conventional 
methods and apparatus that are previously discussed. 
As an example, the apparatus of FIG. 11, when utilized 
as a combination stranding and winding-up apparatus 
as explained in the first and second applications 
thereof, may be combined with any of the conventional 
stranding machines shown in FIGS. 2, 3, 4, 5 and 6. Or 
otherwise, the apparatus of FIG. 11 may be utilized as a 
combination feeding and stranding apparatus as in the 
third and fourth applications previously discussed, if 
combined with any of the machines illustrated in FIGS. 
7, 8 and 9. The apparatus according to the invention, 
when combined with such conventional cable stranding 
machines, will provide a surprisingly increased efficien 
cy in the production of communication cables on a 
commercial basis. 
The apparatus according to the invention, further 

more, can be used in combination with any apparatus 
at preceding stages such as a wire extruder machine 
wherin parallel conductors or wires extruded are im 
mediately fed to the apparatus of FIG. 11 and laid and 
wound as discussed in regard to the first and second ap 
plications of the apparatus. The strands of the laid con 
ductors may be further stranded into a communication 
cable in a manner discussed in regard to the third and 
fourth applications, where desired. 
The method and apparatus hereinbefore described 

can be utilized in a more ingenious fashion as discussed 
in the following statement. 

Parallel conductors are first produced, which are 
then laid into a strand at pitches doubling the desired 
pitches of stranding and wound on the winding-up reel 
in a manner conforming to the first or second applica 
tion of the apparatus of FIG. 11. The strand can be 
produced at an extremely high rate because the laying 
speed is doubled in this instance. Now, the reel on 
which the strand of laid conductors has been wound is 
used as a feeding reel so that the strand is unwound to a 
desired pitch in a manner following the third or fourth 
application of the apparatus of FIG. 11, which ap 
paratus is this time used as a feeding and stranding ap 
paratus. The pitches of stranding as obtained in the first 
and second steps can be varied in a desired manner de 
pending upon the specific operation requirements, in 
sofar as the finally stranded cable is provided with a 
desired pitch of stranding. In this particular example of 
the methods of operating the apparatus of FIG. 11, the 
variation in the pitches of stranding of the resultant 
cable can be reduced to a minimum (or from the purely 
theoretical point of view the cable may possess a sub 
stantially uniform pitch of stranding throughout the 
overall length thereof), if the variation in the stranding 
pitch determined by the former step is partially (or 
completely) cancelled by the variation in the pitch of 
stranding as determined in the latter step. This is possi 
ble because the strands can be stranded into a cable 
either at an increasing pitch or at a decreasing pitch de 
pending upon whichsoever of the flyer and the reel is 
rotated at a speed higher than the other. 

In addition to the four different applications of the 
apparatus according to the invention, other application 
are conceivable from the technical point of view, in 
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cluding an application in which the speed of rotation of 
the flyer and the speed at which the strands are fed are 
constantly proportional to each other with the main 
driving shaft driven at a varying speed. Such applica 
tion is, however, not fully acceptable from the practical 
point of view especially where a large-sized reel is used 
and/or the strands of laid conductors or the stranded 
cable in a significantly great weight is to be wound on 
the reel. What is more important, if the speed of rota 
tion of the flyer and the speed in which the strands are 
fed are made proportional to each other, then the 
resultant communication cable will be a cable which is 
similar to the conventional cables that are stranded at a 
uniform pitch throughout the entire length thereof. 

it will thus be appreciated from the foregoing 
description that the methods and apparatus according 
to the present invention are characterized in that the 
pitch of stranding of the communication cable is deter 
mined by three variables such as the speed of rotation 
of the main driving shaft of the reel, the speed of rota 
tion of the flyer, and the speed at which the strands (or 
conductors to form the strand) are fed and that a reel 
of predetermined dimensions is secured to the main 
driving shaft to rotate therewith. Of the three opera 
tional variables dictating the pitch of stranding, either 
the speed of rotation of the reel or the speed at which 
the strands are fed is made constant and at the same 
time either one of the remaining two variables is regu 
lated or programmed to vary with the variation in the 
overall diameter of the roll of the stranded cable or the 
strands of component conductors, whereby the ele 
mentary pitch in one limited unit length of the cable 
which is wound to form a single layer on the reel is in 
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creased or decreased in the subsequent unit length of 35 
the cable. 

If, therefore, a reel of predetermined dimensions and 
a suitable regulating or programming system responsive 
to the stepwise variation in the diameter of the roll of a 
stranded cable or strands of laid component conduc 
tors are incorporated into a conventional stranding 
equipment, then the resultant stranding machine will 
be capable of producing communication cables which 
are substantially analogous to the communication ca 
bles according to the invention. 
This will mean that the methods and apparatus pro 

vided by this invention can be distingushed from the 
conventional methods and apparatus in respect of the 
fact that, while in the conventional methods and ap 
paratus the pitch of stranding of a communication 
cable is determined solely by two operational variables 
such as the feeding speed of the strands and the revolu 
tion speed of the reel, a third operational variable 
namely, the speed of rotation of the flyer is utilized to 
determine the pitch of stranding of the cable. 
The methods and apparatus which have been 

described as embodying the present invention can be 
utilized for the double stranding of a communication 
cable if the first or second application of the apparatus 
shown in FIG. 11 is used in combination with the third 
or fourth application, as previously discussed, wherein 
the individual pitches of stranding to be given in the 
first and second stranding steps can be varied dif 
ferently relative to each other insofar as the cable is 
finally stranded to a desired pitch. If, in this instance, 
the strands of laid conductors are stranded at an in 
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creasing pitch in the first stranding step and the thus 
stranded cable is then stranded at a decreasing pitch in 
the second stranding step, then the variation in the 
pitches of stranding throughout the overall length of 
the resultant cable will be reduced significantly or, if 
suitable control means is to be used, the pitch of strand 
ing of the resultant cable will be made approximately 
uniform throughout the entire length of the cable 
similarly to the conventional communication cables. 

It will thus be appreciated that the methods and ap 
paratus of the present invention is so simple in con 
struction and arrangement and serves for so extensive 
purposes that they can be utilized as a combination 
untwisting and feeding apparatus for the production of 
a quad stranded communication cable or as a combina 
tion stranding and winding-up or a combination feeding 
and stranding apparatus. The remarkable increase in 
the stranding speed attained in the methods and ap 
paratus according to the invention will greatly con 
tribute to improvements in the production efficiency 
and cost of communication cables. 
Now, FIG. 12 illustrates diagramatically another 

form of the communication cable stranding apparatus 
which is constructed to realize the new concept 
proposed by the present invention, the main driving 
shaft on which the winding-up on feeding reel is 
mounted is internally hollowed to form an axial bore 
through which a strand of laid component conductors 
is passed for being stranded together with the other 
strand or strands. The stranding apparatus shown in 
FIG. 12 is, therefore, an apparatus providing a solution 
to problems experienced in the conventional stranding 
machines of the types shown in FIGS. 5 and 6, in which 
a strand unwound and fed from one feeding reel is 
passed clear of the other feeding reel while being 
rotated with the rotary structure thereby adding to the 
longitudinal length of the rotary structure. The ap 
paratus shown in FIG. 12 may be utilized for the strand 
ing of two component strands of laid conductors but, 
more advantageously, the same may be used for laying 
two component conductors into a paired strand at step 
wisely varying pitches. 
The apparatus shown in FIG. 12 includes as shown 

feeding reels 60 and 60' which are secured to a com 
mon main driving shaft 61. The driving shaft 61 is inter 
nally hollowed to form an axial bore (not numbered) 
through which a component conductor 2a unwound 
from the feeding reel 60 is passed to an apertured disc 
30. A component conductor 2b is unwound from the 
feeding reel 60' rotating at the same speed as the reel 
60 and is passed directly to the apertured disc 30. The 
component conductors 2a and 2b are thus separated to 
predetermined relative positions when passing through 
the apertured disc 30 which is rotating with the reels 60 
and 60'. The thus separated conductors 2a and 2b are 
then introduced into the die 32' and are thereby laid 
into a paired strand 2 as the reels 60 and 60' and the 
apertured disc 30 are rotated relative to the stationary 
die 32". The paired strand 2 thus formed is thereafter 
passed to a suitable winding-up device (not shown) 
through a capstan 34. The conductor 2a unwound from 
the feeding reel 60 which is positioned farther away 
from the apertured disc 30 than the associated feeding 
reel 60' is in this manner easily guided past the feeding 
reel 60', not necessitating the use of a space-taking and 
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heavy-weight rotary structure as is the case with the 
machines illustrated in FIGS. 5 and 6. The apparatus 
shown in FIG. 12 thus provides a method of producing 
a paired strand of stepwisely varying pitches in a signifi 
cantly simplified production equipment and at an in 
creased production efficiency and speed with use of a 
plurality of feeding reels. 

FIG. 13 illustrates in detail a practical example of the 
apparatus which is constructed basically as shown in 
FIG. 12. The apparatus shown in FIG. 13 includes a 
pair offeeding reels 60 and 60' on which conductors 2a 
and 2b, respectively, are wound in rolls. The feeding 
reels 60 and 60' are fast on a rotatable with a main driv 
ing shaft 61 which is internally hollowed to form a bore 
61a therein. Flyers 62 and 62' are mounted on the main 
driving shaft 61 through hollowed spindles 63 and 63, 
respectively, which are screwed into the end portions 
of the shaft 61. The flyers 62 and 62' are rotatably 
mounted on the respective hollowed spindles 63 and 
63' through selflubricating or "oilless' bearings. The 
spindles 63 and 63' extend from the outer walls of the 
flyers 62 and 62", respectively, and have mounted 
thereon brake discs 64 and 64", respectively. The brake 
discs 64 and 64 are pressed against the adjusting nuts 
65 and 65", respectively, whereby the rotational forces 
to be applied to the flyers 62 and 62", respectively, with 
rotation of the driving shaft. 61 are adjusted and 
whereby the flyers 62 and 62' are prevented from ex 
cessively rotating when the driving shaft 61 stops rota 
tion. The feeding reels 60 and 60' are secured to the 
shaft 61 by means of mounting flanges 66 and 66" and 
nuts 67 and 67', respectively, thereby being prevented 
from moving in the axial direction of the driving shaft 
61. The feeding reels 60 and 60', driving shaft 61, flyers 
62 and 62' and their associated parts are driven for 
rotation together by a main driving means or motor 
(not shown) through V-sheaves 68 and 69 and a trans 
mission shaft 70. The main driving shaft 61 is rotatably 
supported on stationary pedestals 71 and 71'. 
Designated by reference numerals 72 and 72" are 
grooved guide rolls which, in this instance, act as the 
apertured disc 30 shown in FIG. 12. 
The component conductor 2a which is unwound 

from the feeding reel 60 is passed through the bore 61a 
in the hollowed main driving shaft 61 over to the guide 
roll 72 while the component conductor. 2b which is 
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wound from the feeding reel 60' is passed directly to 
the roll 72, as the reels 60 and 60' are rotated together. 
The component conductors 2a and 2b are then passed 
through a stationary forming die 30 and are thereby 
laid into a paired strand 2. The paired strand 2 thus 
formed is drawn by capstans 34 and 34 which are 
driven by the aforesaid main driving means or motor 
(not shown) through V-sheaves 36 and 37 and a trans 
mission shaft 38. The paired strand 2 leaving the cap 
stans 34 and 34' is wound on a winding-up reel 73 
which is located past the capstans 34 and 34' and which 
is driven for rotation by means of a suitable driving 

- source. The capstans 34 and 34' and the feeding reels 
60 and 60' are driven from a common driving means so 
that the capstans 34 and 34' are rotated at a speed con 
stantly proportional to the speed of rotation of the 
feeding reels 60 and 60' whereby an elementary pitch 
in every unit length of the resultant paired strand is 
determined. 
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The flyers 62 and 62', which are at all times held in 

frictional engagement with the brake discs 64 and 64', 
respectively, are rotated overcoming the frictional 
forces therefrom due to the tensions in the component 
conductors 2a and 2b being passed from the reels 60 
and 60'. The flyer 62 and 62' thus serve not only for 
drawing the component conductors 2a and 2b but for 
having the component conductors laid at stepwisely in 
creasing or decreasing pitches throughout the overall 
length of the resultant paired strand 2. The flyers 62 
and 62' are herein shown as dished circular discs but, if 
desired, the same may have arms on which a series of 
guide rolls are mounted. 
The apparatus illustrated in FIG. 13 is, as will be ap 

preciated from the foregoing description thereof, 
characterized in that two (or even more) feeding reels 
are mounted for rotation on the common driving shaft 
and that the component conductor unwound from one 
of the feeding reels, positioned father away from the 
forming die than the other reel, is passed through the 
axial bore in the hollowed driving shaft. Thus, it is no 
longer necessary in the apparatus shown in FIG. 13 to 
use a space-taking and heavy-weight rotary structure in 
order to mount the feeding reels therein as in the 
machines shown in FIGS. 5 and 6. The speed of laying 
the component conductors into a paired strand in this 
manner increased remarkably by the use of an ap 
paratus which is compact and simplified in construc 
tion. Such a drastic increase in the twisting speed is 
available when, and only when, the new and novel con 
cept introduced by this invention is to be followed in 
the production of communication cables for industrial 
use. In other words, the simplified methods and ap 
paratus according to the present invention is applicable 
exclusively for the production of the communication 
cables proposed by this invention and the remarkably 
increased speed of stranding of communication cables 
is available only where such simplified methods and ap 
paratus are employed. Thus, it will be accepted from 
the theoretical point of view that the stranding speed 
attained in the methods and apparatus according to the 
invention is almost a maximum stranding speed attaina 
ble in the production of communication cables. This 
will be understood from observation of the machines il 
lustrated in FIGS. 3 to 9. It will also be accepted that, as 
far as the purpose of twisting two or more component 
conductors or strands around each other is to be 
achieved, the overall diameter of the twisting 
mechanism (including the feeding reels and the as 
sociated rotary structure or structures) could not be 
rendered smaller than the diameter of such mechanism 
as in the apparatus shown in FIG. 13. It is, in this in 
stance, true that the diameter of the twisting 
mechanism can be rendered still smaller if the TH 
system and the S-Z stranding machines as disclosed in 
U.S. Pat. No. 3,446,001 and Japanese Pat. Nos. 
4079,904 and 4134,006 are used but, in such prior art 
apparatus, the direction of stranding must be inverted 
so frequently and rapidly that the construction and 
operation of the apparatus are extremely complicated. 
In consideration of the simplicity of the construction 
and operation and the production economy of the ap 
paratus shown herein, it is believed that the methods 
and apparatus according to the invention will greatly 
contribute to the improvement in the production 
schemes of communication cables in the future. 
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Here, it is to be noted that the apparatus, and the 
method used therefor, illustrated in FIG. 13 are, in 
brief, characterized in that, in lieu of the conventional 
practice in which a component conductor unwound 
from one feeding reel is passed, clear over another 
feeding reel which is located posterior to the former, 
the component conductor is passed through a hollowed 
shaft on which the two feeding reels are mounted. If, in 
this instance, two or even more component conductors 
are to be passed through a single hollowed shaft contra 
ry. to the scheme adopted in the method and apparatus 
shown in FIG. 13, then the conductors would be 
twisted unwantedly around each other before they ar 
rive at the forming die at which they should be com 
bined and twisted into a strand. The strand of the con 
ductors thus twisted preliminarily would have irregular 
and improper pitches of twisting. One of the useful ex 
pedients to avoid this will be to use two or more mu 
tually independently rotating coaxial cylinders through 
which the individual component conductors are passed 
as in the case of the conventional stranding machines of 
torpedo type, whereby the purpose of preventing the 
conductors from being objectionably twisted before 
they arrive at the forming die can be accomplished. 
Small-sized inlet and outlet openings may preferably be 
provided at the ends of a passage defined by the inner 
and outer cylinders to pass one of the component con 
ductors therethrough so that the particular conductor 
is not twisted or wound on the inner rotating cylinder. 

Modifications of the apparatus illustrated in FIG. 13 
are now shown in FIG. 14, 15 and 16, wherein com 
bination feeding and stranding apparatus which are 
modified to have three or four feeding reels are diagra 
matically illustrated. 

Reference is first made to FIG, 14, in which three 
feeding reels and shown to be mounted on the ap 
paratus of FIG. 13. The three feeding reels, designated 
by reference numerals 60, 60' and 60' have wound 
thereon component conductors 2a, 2b and 2c, respec 
tively. The rearmost reel 60 and the intermediate reel 
60' are rotatable with a common hollow shaft 61 while 
the foremost reel 60' is mounted for rotation on a hol 
low shaft 61' which is separate from the hollow shaft 
61. The shafts 61 and 61' and accordingly the feeding 
reels 60, 60' and 60' are positioned in line with each 
other and are rotated concurrently at the same speed. 
A forming die 32' is positioned between and in align 
ment with the shafts 61 and 61", as illustrated. The 
component conductor 2a unwound from the rearmost 
reel 60 is passed over to the die 32' through the hollow 
shaft 61 from the rearmost end of the shaft. The con 
ductor 2b unwound from the intermediate reel 60' is 
fed clear over the foremost part of the reel and directly 
passed to the die 32". The conductor 2c which is un 
wound from the foremost reel 60', on the other hand, 
is fed clear of the rearmost part of the reel and passed 
back to the die 32". The component conductors 2a, 2b 
and 2c thus fed to the die 32' and are combined and 
twisted into a strand 2 when passing through the die 
32'. The resultant strand 2 is passed through the 
separate hollow shaft 61' so as to be wound on a wind 
ing-up reel (not shown) which is positioned 
downstream. 

FIG. 15 illustrates another modification of the com 
bination feeding and stranding apparatus of FIG. 13 in 
which three feeding reels are used. As illustrated, the 
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reels 60, 60' and 60' are mounted on separate hollow 
shafts 61a, 61b and 61c, respectively. The three hollow 
shafts 51a, 61b and 61c and accordingly the respective 
feeding reels 60, 60' and 60' are positioned in line with 
each other and are rotated at the same speed and in the 
same direction. The foremost hollow shaft 61c is pro 
vided with a coaxial inner hollow shaft (not shown) 
passing therethrough. The forming die 32' is now posi 
tioned past the foremost reel 60'. The apparatus being 
thus constructed, the component conductor 2a un 
wound from the rearmost feeding reel 60 is passed over 
to the die 32' through the intermediate hollow shaft 
61b and the inner hollow shaft enclosed in the foremost 
hollow shaft 61c. The conductor 2b which is unwound 
from the intermediate feeding reel 60' is guided 
between the foremost hollow shaft 61c and the inner 
hollow shaft enclosed therein and is passed to the die 
32'. The conductor 2c unwound from the foremost reel 
60' is passed directly to the die 32". It may be noted in 
this instance that the conductor 2b passed through the 
hollow shaft 61c is prevented from being wound or 
twisted on the inner hollow shaft extending within the 
hollow shaft 61c because the inner hollow shaft is freely 
rotatable. 

FIG. 16 illustrates an apparatus using four feeding 
reels which are designated by reference numerals 60, 
60', 60' and 60'. In the shown arrangement, the feed 
ing reels 60, 60', 60' and 60' are all mounted on 
separate hollows shafts 61a, 61b, 61c and 61d, respec 
tively, of which the shaft 61c has an inner hollow shaft 
61e extending therethrough. The forming die 32' is 
herein positioned between the two intermediate hollow 
shafts 61b and 61c. The conductor 2a unwound from 
the rearmost reel 60 is passed to the die 32' through the 
hollow shaft 61b while the conductors 2b and 2c un 
wound from the intermediate reels 61b and 61c, 
respectively, are passed directly to the die 32', as illus 
trated. The conductor 2d which is unwound from the 
foremost feeding reel 60', on the other hand is passed 
over to the die 32' between the coaxial hollow shafts 
61c and 61e. The component conducturs 2a, 2b, 2c and 
2d are thus twisted into a strand 2 when passing 
through the die 32' and the resultant strand 2 is fed 
through the inner hollow shaft 61e extending within the 
hollow shaft 61c to an outside winding-up reel (not 
shown). 

It will now be understood that the arrangement of 
FIGS. 12 and 13, and the modifications thereof as 
shown in FIGS. 14, 15 and 16 are essentially similar to 
the first application of the arrangement of FIG. 11 
because, in the arrangements of FIGS. 12 to 16, a con 
ductor unwound from one feeding reel is passed 
through a hollow shaft of another feeding reel and the 
conductors fed from these reels are twisted on the op 
posite side of the latter reel. 

Similar to the arrangement shown in FIG. 11, the fol 
lowing mathematical relations do exist in the modified 
arrangement of FIG. 13 

P = VIN, and 

where 
P: an elementary pitch, mm 
P": a finally determined pitch, mm 
V: a feeding speed of a conductor, mm/min. 





3,715,877 
31 

the arrangement of FIG. 11, communication cables 
with a minimized variation in the pitches of stranding 
or laying can be produced in a simple and economical 
production scheme. Such minimization of the variation 
of pitches of stranding or laying will be achieved if one 
of the three operational variables distating the pitches 
such as the speed of rotation of the reel, speed of rota 
tion of the flyer and the speed at which the conductors 
or strands thereof are fed is made constant and if one of 
the remaining two variables are decreased or increased 
automatically in relation to the variation in the diame 
ter of the roll of the conductor or strand. If, for in 
stance, the reel is rotated at a constant speed and if the 
flyer is rotated by the torque motor maintaining the 
tension in the conductor or strand at a constant value, 
then a constant pitch of twisting will be attained, pro 
vided the speed at which the conductor or strand is fed 
is precisely regulated in correspondence with the varia 
tion in the overall diameter of the roll of the conductor 
or strand which is being wound on or unwound from 
the reel. In this instance, it will be practically impossi 
ble to have the feeding speed of the conductor or 
strand regulated to perfectly accurately correspond to 
the variation in the roll of the conductor or strand on 
the reel but, where the feeding speed is regulated in a 
suitable manner, then the resulting strand or cable will 
have an approximately constant pitch of twisting. It 
may also be mentioned here that, where the component 
conductors are laid at pitches greater than the desired 
and the resultant strands are stranded into a cable at 
pitches determined to decrease the pitches of laying of 
the individual strands, a communication cable with ap 
proximately constant pitch will be produced if the 
pitches of laying the conductors and the pitches of 
stranding the resulting strands are suitably selected in 
relation to each other and if the reels used are sized 
properly to attain the desired final pitches. 
As previously stressed, the methods and apparatus 

according to the invention are realized on the basis of a 
new and novel concept that, because the component 
conductors or the strands formed thereby can be laid or 
stranded at pitches stepwisely and regularly varying 
throughout the length of the resultant cable, the reels 
for either winding-up or feeding can be positioned to 
rotate about an axis which is in line with the axis at 
which the conductors or strands are to be twisted and, 
where it is desired to have the reels positioned in series 
with each other (as in the arrangement of FIG. 13 as 
well as in the modifications shown in FIGS. 14, 15 and 
16), the conductor or the strand unwound from the reel 
can be passed through the hollow shaft on which 
another reel is mounted so that no conductors or 
strands need be passed clear over any reel or reels. 
Such concept may be applied to a cable stranding 
machine of double stranding type, examples of arrange 
ments adapted to achieve this purpose being diagra 
matically shown in FIG. 19. 
The stranding apparatus of double stranding type as 

shown in FIG. 19 is a combination feeding and strand 
ing apparatus which has its feeding reels 81 and 81' 
mounted within a rotary structure 82 which is rotatable 
about its longitudinal axis. Component conductors 2a 
and 2b (or strands formed thereby) are wound on the 
feeding reels 81 and 81", respectively, to a selected out 
side diameter. The feeding reels 81 and 81' are posi 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

32 
tioned in parallel to each other and are rotatable about 
a common axis which is in line with the axis of rotation 
of the rotary cylinder 82 in which the reels are 
mounted. The rotary cylinder 82 has mounted on both 
ends thereof rear and front dies 83 and 83', respective 
ly, which are in alignment with the axes of rotation of 
the rotary cylinder 82 and accordingly of the feeding 
reels 81 and 81'. The conductor 2a unwound from the 
rear feeding reel 81 is passed directly to the rear die 83 
while the conductor 2b unwound from the front feeding 
reel is passed over to the die 83 through aligned hollow 
shafts (not shown) respectively supporting the feeding 
reels 81 and 81'. The conductors 2a and 2b are thus 
primarily laid as they pass through the die 83 rotating 
with the rotary cylinder 83 relative to the reels 81 and 
81'. The resultant strand 2 is passed clear of the reels 
81 and 81' over to the front die 83 and is thereby 
untwisted to desired final pitches. The strand 2 thus 
formed is then drawn to an outside winding-up reel 
(not shown) through a capstan 84 or other suitable 
feeding means either at a constant speed or at a speed 
regulated constantly, as the case may be. Comparison 
of the apparatus of FIG. 19 with the double stranding 
machines shown in FIGS. 4 and 5 will indicate that 
because the feeding reels 81 and 81" can be rotated in 
the same direction as the rotary cylinder 82 and posi 
tioned in series with each other, the size of the overall 
construction of the apparatus can be reduced to a sig 
nificant extent providing increased operation efficiency 
and reduction in the floor space requirements. 
A practical example of the detailed construction of 

the apparatus diagramatically illustrated in FIG. 19 is 
now depicted in FIG. 20. 

Referring to FIG. 20, feeding reels 81 and 81' are 
positioned in parallel to each other and have wound 
thereon component conductors 2a and 2b, respective 
ly, which are in rolls of a selected diameter. The feed 
ing reels 81 and 81' are mounted securely on freely 
rotatable shafts 85 and 85", respectively. The shafts 85 
and 85' respectively have flanges 86 and 86' against 
which the reels 81 and 81' are tightly pressed by the aid 
of clamping nuts 87 and 87 whereby the reels 81 and 
81' respectively are fast on the shafts 85 and 85'. The 
shafts 85 and 85' are internally hollowed to form 
respective axial bores 88 and 88' extending 
therethrough. The feeding reels 81 and 81' are accom 
modated in rotary casings 89 and 89', respectively, 
which are connected to each other by a main hollow 
shaft 90. The main hollow shaft 90 is integral with the 
rotary casings 89 and 89' and extends thereinto as at 91 
and 91", respectively. The thus extending sections 91 
and 91' of the main hollow shaft 90 are passed through 
the bores 88 and 88" in the freely rotatable shafts 85 
and 85, respectively. The freely rotatable shafts 85 and 
85 respectively are rotatably supported on the sections 
91 and 91" of the main hollow shaft 90 through 
bearings (not numbered). To prevent the freely rotata 
ble shafts 85 and 85' from being rotated with the main 
hollow shaft 90, weights 92 and 92' are mounted on the 
respective shafts 85 and 85", as illustrated. The extend 
ing sections 91 and 91 respectively terminate substan 
tially beyond the outer ends of the reels 81 and 81" and 
are connected thereat to flyers 93 and 93'. The flyers 
93 and 93 respectively are positioned relative to the 
reels 81 and 81' by means of frictional members 94 and 
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99"; 100, 100'; and 101 and 101" with respect to an axis 
of the main hollow shaft 90, as indicated by broken 
lines in the lower half of the rotary casings 89 and 89'. 
An additional forming die 110 should be mounted out 
side the end plate 96 of the rotary casing 89 so that the 
parallel conductors unwound from the reel 89' and 
passed over to the die 110 through the additional set of 
guide pulleys and the cylindrical allowance 90a are 
twisted when passing through the forming die 110. The 
thus formed strand (not numbered) is guided to the 
capstans 84 and 84 through a series of guide pulleys 
111, 112 and 113, as indicated by broken lines in FIG. 
20. 
Now, the arrangement shown in FIGS. 10 and 11 can 

be modified to operate as a double stranding apparatus 
with some modifications incorporated thereinto, an ex 
ample being illustrated schematically in FIG. 21. 

Referring to FIG. 21, the entire arrangement is large 
ly similar to the arrangement of FIG. 10 except that a 
second or inner rotary flyer, 115, is mounted in and 
rotatable with a rotary flyer 31 and that a second form 
ing die 32' is mounted on the inner flyer 115. More 
specifically, the modified apparatus shown in FIG. 21 
essentially comprises an apertured disc 30 by which the 
strands 2 and 2' are disposed on a circular configura 
tion, an outer rotary flyer 31 positioned past the disc 
30, a first forming die 32 mounted on the outer rotary 
flyer 31 in alignment with the apertured disc 30, an 
inner rotary flyer 115 accommodated in the outer ro 
tary flyer 31, a second forming die 32' mounted on the 
inner rotary flyer 115 and a winding-up reel 33 which 
also is accommodated in the outer rotary flyer 31. The 
inner and rotary flyers 115 and 31, respectively, and 
the winding-up reel 33 are all mounted on a common 
shaft and are rotated together. 
An example of detailed constructions of the ap 

paratus schematically illustrated in FIG. 21 is shown in 
FIG. 22. In the apparatus of FIG. 21. the outer rotary 
flyer 31 is constituted by two separate flyer members 
31 and 31' for the reason later to be discussed. 
Now, the strands 2 and 2' are fed at a constant speed 

by means of capstans 34 and 34' from feeding reels 
(not shown) positioned anterior to the capstans. The 
capstans 34 and 34' are driven for rotation from a not 
illustrated driving source (which may be a motor 35 in 
the arrangement of FIG. 11) through cooperating V 
sheaves 36 and 37 and a power transmission shafts 38 
and 49. The strands 2 and 2' are then disposed to a 
predetermined configuration when passing through an 
apertured disc 30. 
The outer rotary flyer members 31 and 31' are 

respectively supported on stationary pedestals 39 and 
39" through hollowed or bored rotary shafts 40 and 40' 
which are separated from each other, as illustrated. 
The rotary shaft 40' driven from the not illustrated 
driving source to which the rotary shaft is directly con 
nected and the rotary shaft 40 is driven from the driv 
ing source through a power train including gears or 
sheaves 43, 43' 44 and 44 and a transmission shaft 49. 
The rotary shafts 40 and 40' and accordingly the outer 
rotary flyer members 31 and 31' are thus all rotated 
together, namely, in the same direction and at a com 
mon speed. The outer rotary flyer members 31 and 31' 
have at their peripheral ends extensions 114 and 114", 
respectively, which extend toward each other. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

36 
An inner rotary flyer 115 is mounted on the rotary 

shaft 40' so as to be rotatable therewith and has exten 
sions 116 and 116' extending therefrom in substantially 
parallel to the extensions 114 and 114 of the outer ro 
tary flyer members 31 and 31' respectively. The rotary 
shaft 40' also supports thereon a winding-up reel 33 
which is free of rotation of the rotary shaft 40' and 
which is movable in an axial direction of the rotary 
shaft as will be described in detail. The inner rotary 
flyer 115 is held in position by means of frictional mem 
bers 117 and 118 pressing the flyer 115 on both sides 
threof and a nut 119 pressing the frinctional member 
118 against the outer wall of the flyer 115. The nut 119 
is herein intended to serve also as a secondary forming 
die. 
The winding-up reel 33 is supported on the rotary 

shaft 40' through a freely rotating hollow shaft 120 
which, in turn, is mounted on the rotary shaft 40' 
through bearings (not numbered). The reel 33 and the 
freely rotating shaft 120 is joined together by means of 
a nut 121. 
Guide pulleys are mounted on the outer rotary flyer 

members 31 and 31', of which the guide pulleys 50, 
50a; 51, 51a, 122, 122a; and 52, 52a are mounted on 
the rotary flyer member 31 and the guide pulleys 50', 
50'a; 51", 51a; 122', 122'a; and 52', 52 'a are mounted 
on the flyer member 31', as illustrated. Likewise, the 
inner rotary flyer 115 has mounted thereon a series of 
guide pulleys 123, 124 and 125 mounted on its exten 
sion 116 and guide pulleys 123', 124' and 125'. 
A weight 126 is mounted on the winding-up reel 33 

so that the winding-up reel33, which is mounted on the 
freely rotatable hollow shaft 120, is maintained free of 
rotation of the rotary shaft 40' and any other associated 
parts. 
The winding-up reel 33 together with the freely 

rotating shaft 120 is moved axially reciprocally on the 
rotary shaft 40' by means of a mechanism including a 
liner 127, a lever 128 and a reciprocating means 129. 
The liner 127 is made of a suitable self-lubricating 
materialso as not to exert a frictional force to the wind 
ing-up reel 33. The lever 128 is connected to the 
reciprocating means 129 through a groove axially 
formed in the rotary shaft 40' and is in engagement 
with the liner 127 whereby the winding-up reel 33 is 
moved back and forth. 
The capstans 34 and 34’ operate to feed the strands 2 

and 2' at a constant rate so that the strands 2 and 2' are 
stranded at a constant elementary pitch in a limited 
length as the outer rotary flyer members 31 and 31' are 
rotated at a constant speed. The speeds of rotation of 
the capstans 34 and 34' and the flyer members 31 and 
31' can thus be determined by suitably selecting the 
diameters of the seaves 36 and 37 and the gears 43, 43', 
44 and 44'. 
The outer rotary flyer members 31 and 31' are, in the 

arrangement shown in FIG. 22, separated from each 
other but, if desired, they may be combined into a sin 
gle unit. The reason why it is preferred that the flyer 
members 31 and 31' be separated from each other is 
that the brackets 39 and 39 can be mounted on 
separate swivel tables to facilitate replacement of the 
winding-up reel 33 and that the overall weight of the 
apparatuss can be reduced significantly. As to the 
latter, it may be mentioned that the use of an integral 
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rotary structure as illustrated in FIG. 21 would result in 
a considerably heavier construction of the apparatus, 
although no important changes would be involved in 
the function and operation. 
The strands 2 and 2' which have been fed through 

the capstans 34 and 34' and the apertured disc 30 are 
primarily twisted around each other when passing 
through the forming die 32 as the rotary shaft 40 is 
rotated from the not shown driving source through the 
gears 43 and 44 and the transmission shaft 49 at a 
speed constantly proportional to the speed at which the 
capstans 34 and 34' are rotated. The resultant cable 1 
is then passed through the bore formed in the hollowed 
rotary shaft 40. Guided by the guide pulleys 50, 51, 122 
and 52, the cable 1 is passed from the outer rotary flyer 
member 31 over to the other outer rotary flyer member 
31 and is further guided by the guide pulleys 52', 122", 
51' and 50' into the bore of the hollowed rotary shaft 
40', as shown. The cable 1 is then passed through nut 
or forming die 119 and is thereby secondarily twisted to 
a finally desired pitch. The finally formed cable 1, 
guided by the guide pulleys 123, 124 and 125 which are 
mounted on the inner rotary flyer 115, is wound on the 
winding-up reel 33 as the inner flyer 115 is rotated 
through the rotary shaft 40'. The winding-up reel is 
moved axially back and forth by means of the 
reciprocating mechanism including the liner 127, lever 
128 and reciprocating means 129 so that the cable 1 is 
wound regularly and uniformly on the winding-up reel 
33. The tension in the cable 1 being wound on the 
winding-up reel33 can be selected as desired by adjust 
ing the frictional members 117 and 118 and the nut 119 
serving also as a forming die. 

If, in the arrangement shown in FIG. 22, a winding 
up reel 33 is so sized and such a length of cable is 
wound on the reel as to provide desired elementary 
pitches and desired pitch variation, then a cable of 
strands or a strand of conductors will be produced, 
which cable or strand has pitches varying in conformity 
to Equation IV. If, on the other hand, the capstans are 
removed or held inoperative and a feeding reel or reels 
are used in lieu of the capstans and rotated at a speed 
constantly proportional to the speed of rotation of the 
flyers, then a cable or strand conforming to Equations 
IV and V will result. 
The arrangement shown in FIG. 22 may be used, if 

preferred, in such a manner that the primarily stranded 
cable 1 is passed through the bores in the rotary shafts 
40 and 40' which are in alignment with each other. The 
cable 1 is then secondarily stranded to desired final 
pitches when passed to the series of guide pulleys 50'a, 
51'a, 122'a, 52'a, 52a, 122a, 51a, 50a which are 
mounted on the outer rotary flyer members 31 and 31'. 
The cable 1 is thereafter wound on the winding-up reel 
33 through the guide pulleys 123", 124' and 125'. The 
passage of the cable 1 fed in this manner is indicated by 
dots-and-dash chain lines in FIG. 22. 

If, now, the different arrangements which have been 
described and shown are of the combination feeding 
and stranding type, and if the flyer or flyers are used as 
a braking device for adjusting the tension in the cable 
or strand, then the flyer or flyers may not be rotated 
positively. In this instance, the flyer or flyers may be 
securely mounted on the leading end of the main shaft 
or on a stationary member which is positioned concen 
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trically of the main shaft. FIGS. 23 and 24 illustrates an 
example of such modified arrangements, in which a 
feeding reel 130 is fixed on a main shaft 131 by means 
of a flange and a clamping nut 133. The main shaft 131 
is driven for rotation from a driving source (not shown) 
through a V-sheave 134. A tension adjusting member 
135 is mounted on the leading end of the main shaft 
131 and adjacent the feeding reel 130. The tension ad 
justing member 135 comprises an annular ring 136 and 
a circular disc 137 which is concentrical with the annu 
lar ring 136. Brush means 136 a and 137a are respec 
tively mounted on the inner peripheral wall of the outer 
annular ring 136 and the outer peripheral wall of the 
inner circular disc 137. The brush means used in this 
arrangement may preferably be made of nylon fila 
ments. 
The main shaft 131 is supported on a stationary 

bracket 138 while the outer ring 136 is supported on a 
stationary support member 139. Designated by 
reference numeral 140 is a forming die which is similar 
to the counterparts shown in preceding drawings. 
The main shaft 131 is internally hollowed to form an 

axial bore 131a through which a conductor 2a, the ten 
sion of which has previously been adjusted properly, is 
passed toward the forming die 140 as seen in FIG. 23. 
A conductor 2b is wound on the feeding reel 131 and 
the conductor 2b unwound therefrom is passed through 
the intertwined nylon filaments of the brush means 
136a and 137a attached to the ring 136 and the disc 
137, respectively, while the reel 131 together with the 
ring 136 and the disc 137 is being rotated. The brush 
means 136a and 137a in this instance excercise a 
mechanical resistance or friction to the conductor 2b 
passing therebetween so that the tension in the conduc 
tor 2b is adjusted before the conductor 2b reaches the 
die 140. 
The arrangement shown in FIGS. 23 and 24 is 

specifically suited for the stranding of relatively fine 
gauge cables or strands, whereas the arrangement 
shown in FIG. 13 is adapted for the production of rela 
tively fine gauge cables or strands. Cables or strands of 
thicker gauge will be produced advantageously with 
use of the arrangement illustrated in FIG. 11. 

Furthermore, it may be mentioned that the use of the 
arrangement shown in FIGS. 23, and 24 is not too ad 
visable where it is frequently required to accurately ad 
just the tension in the cable or strand or conductor 
because, in the arrangement of FIGS. 23 and 24, it is 
practically unfeasible to have the brush means replaced 
with different ones once they have been attached to the 
ring 136 and disc 137. The arrangement of FIGS. 23 
and 24 is nevertheless significantly advantageous 
because of its compact structure that will result in an 
increased production speed and efficiency and reduced 
cost of installation. 

It will now appreciated from the foregoing descrip 
tion that drastically improved cable stranding ap 
paratus of different characters but based upon a com 
mon new and novel technical concept are provided by 
this invention, in which new structures of communica 
tion cables, advantageous methods and apparatus to 
produce such new cables, and various useful applica 
tions of the methods and apparatus are disclosed. In the 
manufacture of inductrial communication cables on a 
commercial basis, it is presently a usual policy to adopt 
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a large-scale production program so as to meet the ever 
expanding demand for the communication cables. To 
streamline such large-scale production program to be 
carried out, reels (winding-up and feeding) of a com 
mon size are used and the cables and strands are wound 
on the reels in the fixed length, the apparatus and the 
methods proposed by this invention will be readily 
adoptable in any communication cable production 
plant which has been using the conventional produc 
tion equipment. Because of the increased production 
speed, limited floor space requirements, economical 
and simplified construction of the apparatus, and the 
ease of operation, all of which are now available for the 
first time, the invention is consiered to greatly con 
tribute to the communication cable industry, 

Since, it may be mentioned, the reels which are used 
in the apparatus according to the invention can be 
rotated about their own axes, not only the twisting 
speed can be increased significantly but the reels can 
operate stably throughout the operation. 

It should be remembered that the methods and ap 
paratus hereinbefore described and shown may be 
changed and modified in any desired manner insofar as 
the resultant cable or strand has pitches varying step 
wisely in limited unit lengths throughout the overall 
length of the cable or strand. It should also be remem 
bered that the methods and apparatus according to the 
invention may be put into practice wheresoever lines, 
filaments, yarns, threads, ropes and wires are to be 
twisted at stepwisely varying pitches. 
What is claimed is: 
1. A method of manufacturing a twisted communica 

tion cable unit whose twisting pitch varies stepwise 
from one end of the unit to the other, which method 
comprises: 

a. continuously supplying a plurality of elongated 
strands of laid conductors at a predetermined rate; 

b. twisting said strands around each other and 
thereby forming an elongated cable unit; 

c. passing said cable unit longitudinally through an 
apertured member mounted for rotation about an 
axis extending substantially in the direction of 
elongation of said unit; 

d. winding said cable unit on a reel while rotating 
said reel substantially coaxially with said member 
and at a constant speed proportional to said rate; 
and 

... rotating said member at a speed different from the 
rotary speed of said reel and varying stepwise, 
while said cable unit is being wound on said reel in 
successive layers, the variation in the rotary speed 
of said member being sufficient to impart to said 
cable unit a stepwise varying pitch. 

2. A method as set forth in claim 1, wherein said 
member is rotated in the same direction as said reel and 
at a speed higher than the rotary speed of said reel. 

3. A method as set forth in claim 1, wherein said 
member is rotated in a direction opposite to the 
direction of rotation of said reel and at a speed lower 
than the rotary speed of said reel. 

4. A method of manufacturing a twisted communica 
tion cable unit whose twisting pitch varies stepwise 
from one end of the unit to the other, which method 
comprises: 

a. continuously supplying a plurality of elongated 
strands of laid conductors; 
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twisting said strands around each other and 
thereby forming an elongated cable unit; 
passing said cable unit longitudinally through an 
apertured member while rotating said member at a 
constant speed about an axis extending substan 
tially in the direction of elongation of said unit; 

... winding said cable unit in sequential layers of in 
creasing diameter on a reel rotating substantially 
coaxially with said member at a speed proportional 
to the speed of rotation of said member, whereby 
said cable unit is passed through said rotary 
member at a speed varying stepwise as the cable 
unit is wound on said reel in said sequential layers 
and the twisting pitch of said cable unit is varied 
correspondingly. 

5. A method as set forth in claim 4, wherein said 
member is rotated at a speed higher than the rotary 
speed of said reel. 

6. A method as set forth in claim 4, wherein said 
member is rotated at a speed lower than the rotary 
speed of said reel. 

7. A method of manufacturing a twisted communica 
tion cable unit whose twisting pitch varies from one end 
of said unit to the other end, which method comprises: 

a.. unwinding a plurality of strands of laid conductors 
from a reel while said reel is being rotated at a con 
stant speed, said strands being initially wound on 
said reel in a plurality of radially superposed 
layers; 

b. passing said strands through an apertured member 
mounted for rotation substantially coaxial with 
said reel; 

... withdrawing said strands from said member at a 
speed proportional to the speed of rotation of said 
reel in a path substantially coinciding with the axes 
of rotation of said reel and of said member while 
rotating said reel at a speed different from said 
constant speed and varying stepwise as said strands 
are being unwound from said reel, whereby the 
withdrawn cable unit has a stepwise varying pitch. 

8. A method as set forth in claim 7, wherein said 
member is rotated in the same direction as said reel and 
at a speed higher than the speed of said reel. 

9. A method as set forth in claim 7, wherein said 
member is rotated in a direction opposite to the 
direction of rotation of said reel and at a speed lower 

b. 

than the speed of said reel. 
50 

55 

60 

65 

10. In a method of manufacturing a twisted commu 
nication cable unit whose twisting pitch varies from one 
end of said unit to the other end, the steps of: 

a. unwinding a plurality of strands from a reel while 
rotating said reel at a constant speed, said strands 
being initially wound on said reel in radially suc 
cessive layers; 

b. passing said strands through an apertured member 
while rotating said member substantially coaxially 
with said reel at a constant speed proportional to 
the speed of rotation of said reel; and 

... withdrawing said strands from said rotary member 
at a speed varying stepwise while said strands are 
being unwound from said successive layers on said 
reel and thereby twisting said strands at a stepwise 
varying pitch. 

11. In a method as set forth in claim 10, said member 
being rotated at a speed higher than the rotary speed of 
said reel. 
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12. In a method as set forth in claim 10, wherein said 
member is rotated at a speed lower than the speed of 
said reel. 

13. A method of manufacturing a twisted strand for 
use in a communication cable, the twisting pitch of said 
strand varying from one end of said strand to the other 
end, which method comprises: 

a. separately supplying a plurality of elongated com 
ponent conductors at a constant rate; 

b. twisting said component conductors around each 
other for forming an elongated strand; 

c. longitudinally passing said strand through an aper 
tured member mounted for rotation about an axis 
substantially longitudinal of said strand; 

d. winding said strand on a reel while rotating said 
reel substantially coaxially with said member at a 
constant speed proportional to said rate; and 

e. rotating said member at a speed different from said 
constant speed and varying stepwise while said 
strand is being wound on said reel in successive 
layers, and thereby varying the twisting pitch of 
said strand. 

14. A method as set forth in claim 13, wherein said 
member is rotated in the same direction as said reel and 
at a higher speed. 

15. A method as set forth in claim 13, wherein said 
member is rotated in a direction opposite to the 
direction of rotation of said reel and at a speed lower 
than the rotary speed of said reel. 

16. A method of manufacturing a twisted strand for a 
communication cable, the twisting pitch of said strand 
varying stepwise from one end of said strand to the 
other end, which method comprises: 
a separately supplying a plurality of elongated com 
ponent conductors; 

b. twisting said conductors around each other to 
form an elongated strand; 

c. longitudinally passing said strand through an aper 
tured member while rotating said member at a 
constant speed about an axis longitudinal of said 
strand; 

d. winding said strand on a reel in radially successive 
layers while rotating said reel substantially coaxi 
ally with said member and at a constant speed pro 
portional to the rotary speed of said member, 
whereby said strand is moved through said 
member at a rate which varies stepwise at the 
completion of each of said layers, thereby impart 
ing to said strand a correspondingly varying twist 
ing pitch. 

17. A method as set forth in claim 16, wherein said 
member is rotated at a speed higher than the rotary 
speed of said reel. 

18. A method as set forth in claim 16, wherein said 
member is rotated at a speed lower than the rotary 
speed of said reel. 

19. A method of manufacturing a twisted strand for 
use in a communication cable, the twisting pitch of said 
strand varying from one end of the strand to the other, 
which method comprises: 

a. unwinding a plurality of parallel component con 
ductors from a reel while rotating said reel at a 
constant speed; 

b. passing said conductors through an apertured 
member mounted for rotation substantially coaxial 
with said reel; and 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

42 
c. withdrawing said conductors from said member at 

a constant rate proportional to the speed of rota 
tion of said reel in a path substantially coinciding 
with the axes of rotation of said reel and of said 
member; and 

d. rotating said member at a speed different from the 
rotary speed of said reel and varying stepwise 
while said conductors are being unwound from 
said reel for thereby twisting said conductors into a 
strand of varying pitch. 

20. A method as set forth in claim 19, wherein said 
member is being rotated in the same direction as said 
reel and at a higher speed. 

21. A method as set forth in claim 19, wherein said 
member is being rotated in a direction opposite to the 
direction of rotation of said reel and at a lower rotary 
speed. 

22. A method of manufacturing a twisted strand for 
use in a communication cable, the twisting pitch of said 
strand varying from one end of the strand to the other, 
which method comprises: 

a. unwinding a plurality of parallel component con 
ductors from a reel while rotating said reel at a 
constant speed, said conductors initially being 
wound on said reel in a plurality of superposed 
layers; 

b. passing said conductors through an apertured 
member while rotating said member substantially 
coaxially with said reel at a speed proportional to 
the speed of rotation of said reel; and 

c. withdrawing said conductors from said member in 
a path substantially coinciding with the axes of 
rotation of said reel and of said member at a rate 
varying stepwise and thereby twisting said conduc 
tors into a strand. 

23. A method as set forth in claim 22, wherein said 
member is rotated at a higher speed than said reel. 

24. A method as set forth in claim 22, wherein said 
member is rotated at a lower speed than said reel. 

25. A method of manufacturing a communication 
cable unit which comprises: 

a. supplying a plurality of strands of laid conductors 
at a constant first rate; 

b. twisting said strands around each other and 
thereby forming an elongated cable unit; 

c. longitudinally passing said unit through an aper 
tured member mounted for rotation about an axis 
substantially coinciding with the elongation of said 
unit; 

... winding said unit on a reel while rotating said reel 
in a first direction substantially coaxially with said 
member at a constant first speed proportional to 
said rate while rotating said member at a speed dif 
ferent from the speed of rotation of said reel and 
varying stepwise as the cable unit is being wound 
on said reel in successive layers, whereby said 
cable unit is twisted at a pitch varying stepwise; 

e. unwinding said cable unit from said reel while 
rotating said reel in a second direction opposite to 
said first direction and at a constant second speed 
different from said first speed; 

f. passing the unwound cable unit through said 
member; and 

... withdrawing said cable unit from said member at a 
second rate different from said first rate while 
rotating said member at a speed different from said 
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second speed and varying stepwise as said cable 
unit is being unwound from said reel for thereby 
changing said varying pitch. 

26. A method of manufacturing a communication 
cable unit which comprises: 

a. supplying a plurality of strands of laid conductors 
at a constant rate, 

b. twisting said strands around each other and 
thereby forming an elongated cable unit; 

c. longitudinally passing said unit through a aper 
tured member mounted for rotation about an axis 
substantially coinciding with the elongation of said 
unit; 

d. winding said unit on a reel while rotating said reel 
in a first direction substantially coaxially with said 
member at a constant first speed proportional to 
said rate while rotating said member at a speed dif 
ferent from the rotary speed of said reel and vary 
ing stepwise as the cable unit is being wound on 
said reel in successive layers, whereby said cable 
unit is twisted at varying pitch; 

e. unwinding said unit from said reel while rotating 
said reel in a second direction opposite to said first 
direction at a second constant speed different from 
said first constant speed; 

f. passing the unwound unit through said member 
while rotating said member at a constant speed 
proportional to said second constant speed; and 

g, withdrawing said cable unit from said member at a 
speed varying stepwise while the unit is being un 
wound from said reel and thereby changing the 
twisting pitch of said withdrawn unit. 

27. A method of manufacturing a communication 
cable unit which comprises: 

a. supplying a plurality of strands of laid conductors; 
b. twisting said strands around each other and 

thereby forming an elongated cable unit; 
c. longitudinally passing said cable unit through an 

apertured member while rotating said member at a 
constant speed about an axis substantially coincid 
ing with the elongation of said unit; 

d. winding said unit on a reel in successive layers 
while rotating said reel in a first direction substan 
tially coaxially with said member at a first constant 
speed proportional to the rotary speed of said 
member, whereby said cable unit is passed through 
said member at a speed varying stepwise as each 
layer on said reel is completed, and the twisting 
pitch of said cable unit is varied in corresponding 
steps; 

e. unwinding said cable unit from said reel while 
rotating said reel in a second direction opposite to 
said first direction at a second constant speed dif 
ferent from said first speed; 

f. passing the unwinding unit through said member; 
and 

g. withdrawing said unit from said member at a con 
stant speed proportional to the speed of rotation of 
said reel while rotating said member at a speed dif 
ferent from the rotary speed of said reel and vary 
ing stepwise as said unit is being unwound from the 
reel for thereby changing the pitch of said unit. 

28. A method of manufacturing a communication 
cable unit which comprises: 

a. supplying a plurality of strands of laid conductors; 
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b. twisting said strands around each other and 

thereby forming an elongated cable unit; 
c. longitudinally passing said unit through an aper 

tured member while rotating said member at a 
constant speed about an axis substantially coincid 
ing with the elongation of said unit; 

d. winding said unit on a reel in radially successive 
layers while rotating said reel substantially coaxi 
ally with said member in a first direction at a con 
stant first speed proportional to the speed of rota 
tion of said member, whereby said unit is moved 
through said member at a speed varying stepwise 
as each of said layers is completed, and whereby 
the twisting pitch of said unit is varied in cor 
responding steps; 

e. unwinding said unit from said reel while rotating 
said reel in a second direction opposite to said first 
direction at a constant second speed different from 
said first speed; 

f. passing said unit through said member while rotat 
ing said member at a constant speed proportional 
to said second constant speed and thereby increas 
ing said pitch of the unit. 

29. A method of manufacturing a strand for use in a 
communication cable which comprises: 
a separately supplying a plurality of component con 

ductors at a constant rate; 
b. twisting said conductors around each other and 

thereby forming an elongated strand; 
c. passing said strand through an apertured member 
mounted for rotation about an axis substantially 
coinciding with the elongation of said strand; 

... winding said strand on a reel while rotating said 
reel in a first direction substantially coaxially with 
said member at a constant first speed proportional 
to said rate; 

e. rotating said member at a speed different from the 
speed of said reel and varying stepwise as said 
strand is being wound on said reel in radially suc 
cessive layers, thereby imparting to the strand a 
twist of stepwise varying pitch; 

f. unwinding said strand from said reel, while rotating 
the reel in a second direction opposite to said first 
direction at a second constant speed different from 
said first speed; 
passing the unwinding strand through said 

member; and 
... withdrawing said strand from said member at a 
constant rate proportional to the second speed of 
rotation of said reel, while rotating said member at 
a speed different from said second speed and vary 
ing stepwise, thereby increasing the pitch of the 
withdrawn strand. 

30. A method of manufacturing a strand for use in a 
communication cable which comprises: 
a separately supplying a plurality of component con 

ductors at a constant rate; 
b. twisting said conductors around each other and 

thereby forming an elongated strand; 
c. longitudinally passing said strand through a 
member mounted for rotation about an axis sub 
stantially coinciding with the elongation of said 
strand; 

d. winding said strand on a reel while rotating said 
reel substantially coaxially with said member in a 
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first direction at a constant first speed proportional 
to said rate; 

e. rotating said member at a speed different from the 
rotary speed of said reel and varying stepwise as 
said strand is being wound on said reel in radially 
successive layers, thereby varying the twisting 
pitch of said strand in corresponding steps; 

f. unwinding said strand from said reel while rotating 
said reel in a second direction opposite to said first 
direction at a second constant speed different from 
said first speed; 

g. passing said strand through said member while 
rotating said member at a constant speed propor 
tional to said second speed; and 

h. withdrawing said strand from said member at a 
speed varying stepwise as the strand is being un 
wound from said reel. 

31. A method of producing a strand for use in a com 
munication cable which comprises: 

a. separately supplying a plurality of component con 
ductors; 

b. twisting said conductors about each other and 
thereby forming an elongated strand; 

c. longitudinally passing said strand through an aper 
tured member while rotating said member at a 
constant speed about an axis substantially coincid 
ing with the elongation of said strand; 

d. winding said strand in radially successive layers on 
a reel while rotating said reel in a first direction 
substantially coaxially with said member at a first 
constant speed proportional to the rotary speed of 
said member, whereby said strand is moved 
through said member at a speed varying stepwise 
when each of said layers is completed, and the 
twisting pitch of said strand is varied stepwise; 

e. unwinding said strand from said reel while rotating 
said reel in a second direction opposite to said first 
direction at a second constant speed different from 
said first speed; 

f. passing the unwinding strand through said 
member; and 

g. withdrawing said strand from said member at a 
constant rate proportional to said second speed 
while said member is being rotated at a speed dif 
ferent from rotary speed of said reel and varying 
stepwise as said strand is being unwound from said 
reel for thereby increasing the pitch of said strand. 

32. A method of manufacturing a strand for use in a 
communication cable which comprises: 
a separately supplying a plurality of component con 

ductors; 
b. twisting said conductors about each other for 
forming an elongated strand; 

c. longitudinally passing said strand through an aper 
tured member while rotating said member at a 
constant speed about an axis substantially coincid 
ing with the elongation of said strand; 

d; winding said strand on a reel in radially successive 
layers while rotating said reel in a first direction 
substantially coaxially with said member at a con 
stant first speed proportional to the speed of said 
member and thereby moving said strand through 
said member at a speed varying stepwise as each of 
said layers is completed and for thereby varying 
the twisting pitch of said strand; 
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e. unwinding said strand from said reel while rotating 

said reel in a second direction opposite to said first 
direction at a second constant speed different from 
said first speed; 

f. passing the unwinding strand through said member 
while rotating said member at a constant speed 
proportional to said second speed; and 

g. withdrawing said strand from said member at a 
speed varying stepwise as the strand is being un 
wound from said reel and thereby increasing said 
pitch thereof. 

33. In a method of manufacturing a communication 
cable unit, the steps of: 
a unwinding radially successive layers of two strands 

of laid conductors from respective reels while 
rotating said reels at a constant speed about a com 
mon axis; 

b. passing said strands through respective members 
mounted for rotation substantially coaxially with 
associated ones of said reels; 

c. passing at least one of said strands axially and cen 
trally through one of said reels and the associated 
member; 

d. withdrawing said strands at a constant rate propor 
tional to said speed and in a path substantially 
coinciding with said common axis; and 

e. rotating said members at respective speeds dif 
ferent from the speeds of the associated reels and 
varying stepwise as said strands are being unwound 
from said reels as each layer is exhausted, whereby 
said strands are imparted corresponding varying 
twisting pitches. 

34. In a method of manufacturing a communication 
cable unit, the steps of: 

a.. unwinding radially successive layers of two strands 
of laid conductors from respective reels while 
rotating said reels at a constant speed about a com 
mon axis; 

b. passing said strands through respective members 
associated with said reels while rotating said mem 
bers substantially about said common axis at a 
constant speed proportional to the rotary speed of 
said reels; 

C. passing at least one of said strands axially and cen 
trally through at least one of said reels and the as 
sociated member; 

d. withdrawing said strands in a path substantially 
coinciding with said common axis at a speed vary 
ing stepwise as said strands are being unwound as 
each layer is exhausted, whereby said strands are 
imparted twists of correspondingly varying 
pitches. 

35. In a method of manufacturing a strand for use in 
a communication cable, the steps of: 

a. separately unwinding radially superposed layers of 
component conductors from respective reels while 
rotating said reels at a constant speed about a com 
mon axis, 

b. passing said conductors through respective mem 
bers associated with said reels and mounted for 
rotation substantially about said common axis; 

c. passing at least one of said conductors axially and 
centrally through at least one of said reels and the 
associated member; and 
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d. withdrawing said conductors at a constant rate tured members associated with said reels while 
proportional to said constant speed in a path sub- rotating said members substantially about said 
stantially coinciding with said common axis while common axis at a speed proportional to said con 
rotating said members at respective speeds dif- stant speed; 
ferent from said constant speed and varying step- 5 
wise while said conductors are being unwound 
from said reels for imparting to said conductors 
twists varying in pitch. 

36. In a method of manufacturing a strand for use in 

c. passing at least one of said conductors axially and 
centrally through at least one of said reels and the 
associated member; and 

d. withdrawing said conductors in a path substan 
tially coinciding with said common axis at a speed 

a COmmunication cable, the steps of: o O varying stepwise as said conductors are unwound a separately unwinding radially successive layers of 
two component conductors from respective reels from said reels as each layer is being exhausted for 
while rotating said reels at a constant speed about imparting to said co inductors twists cor 
a common axis; respondingly varying in pitch. 

b. passing said conductors through respective aper- 15 :k k k k xk 
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