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This invention relates to multiconductor sig 
naling cables and methods oi' producing them and 
particularly to cables of this type in which the 
conductor units, such as pairs or quads, are 
twisted or transposed so as to reduce inter 
ference from other conductors within the cable 
or from external sources. ~ 

lit is an object of the invention to provide a 
multiconductor cable, such as used for telephone 
or other signaling purposes, in which the con 
ductos: units are designed for high frequency 
transmission with reduced interference eiîects. 

l‘t is another object of the invention to provide 
a conductor unit, such as a pair or quad, for 
inclusion in a multiconductor signaling cable in 
which the conductors of the unit are transposed 
with a high degree of uniformity. 

lt is another object of the invention to provide 
a twisted conductor unit, such as just referred 
to, in which periodically recurring irregularities 
in the twists are substantially reduced. 

lit is a wellß-imown practice to twist or transpose 
~ the two sides of pair or phantom circuits in 
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cables, such as those used for telephone or nailing purposes, in order to reduce 4interference 

effects from 'other pair or phantom circuits with- 

in the same cable or from exterior sources. are various ci coupling or induction occur 

ring between such conductor urutsv which may be 
the cause oi.’ interference eiïects. @ne type of 
coupling, which may be termed the “longitudinal” 
coupling, is due to irregularities in the twist of 
a unit throughout the length of the cable. Thus 
it has been 'found that, with hitherto practiced 
methods »of twisting, each cycle of twist may be 
identical with all other cycles or” twist throughout 
the length ot the cable, but the 'two halves 
oi“ each cycle may didier consistently by a small 
amount, the first haii cycle always being either 
longer or shorter than the second half cycle. lt 
is evident that in such an arrangement the con 
ductors are improperly transposed with respect 
to the disturbing field and also that. though the 
difference between adjacent half cycles may be 
slight, the continued repetition ot this difference 
may sum up to permit of serious crossßtallr or 
other disturbance. The presentv invention has 
particular reference to this longitudinal type 
oi coupling caused by irregularities in the twist. 

irregularities occurring at random along the 
length oi’ the cable section have a comparatively 
small effect, inasmuch as the effect increases 
only as the square root of the length of the 
cable. .The effect of systematically occurring ir 
regularities, on the other hand, increases directly 
with the length of the cable, and it has been 
discovered that in pairs or quads 'the periodic 
longitudinal irregularities are a very prominent 
cause of cross-talk. It has l'further been found 

(Cl. 173-244) 
that this effect is particularly serious at the higher 
carrier frequencies. ~ ' 

The twisting machines used for transposing or 
twisting the pairs or quads are usually arranged 
to form individual twists one at a time in close 
succession, and this is secured by arranging that 
the unit be led onto the capstan immediately 
after a. twist, or a fraction thereof, has been 
formed by the twisting head. Since the twist of y 
the conductor unit will be held fixed practically 
from the moment the unit engages the capstan, 
there is little opportunity in such an arrangement 
for the twists to equalize themselves, and such 
irregularities as may have been introduced by 
'the machine or otherwise in the formation of the 
'twists will be retained permanently. The generai 
tendency in recent years has been to reduce the 
distance between the twisting head and the cape 
Stan to an absolute minimum, that is, to the 
length oi half a twister even less in order to, as. 
ouicltly as possible, transflx the twist produced 
by ‘the machine. However, this method has been 
found not to give sufficiently uniform results 
especially for conductor units used at higher 
frequencies. With the present day tendency to 
increase the frequency of carrier signaling, this 
problem of longitudinal irregularities is becom 
ing more pressing. 
in accordance with the invention the twisting 

or transposition of conductor units, such as pairs t 
or quads, is performed in such a manner that the 
slight differences between the angle of pitch of 
_one part oi a complete twist and that of another 
part of the same twist may be automatically 
eoualized before the conductor unit becomes 
tïransñxed by engagement with the capstan or by 
binding after the forming of the twist. For this 
purpose the capstan which serves to pull the con 
duotors through the machine is removed a disU 
tance from the twisting head or face-plate far 
in excess of the length of a twist and, thus, far 
in excess of distances hitherto used in machines 
of this type. Dependent upon the uniformity of 
twist desired, the distance between the capstan y 
and the twisting head may be from ñve to more 
than a hundred twist lengths as compared with 
about one-half Ato one twist lengthv in prior 
machines. 
ln accordance with the invention, the process 

ot‘ transposlng the conductors of a conductor unit 
may be continuous or may be intermittent. 
In the intermittent process the conductors com 

posing a conductor unit, such as a pair or quad 
are pulled through the twisting head by the cap 
stan in substantially parallel relation over the 
whole distance between the twisting head and the 
capstan, that is, without relative twisting move 
ment between the twisting head and the capstan. 
The longitudinal movement is then stopped and 
the totalstretched length of conductors is twisted 
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a number of times until the desired pitch is at 
tained. The twists in the twisted portion between 
the twisting head and the capstan may or may 
not be transiixed as by the application of a 
binding or a wrapping of paper. 'I‘he twisted 
stretch is next pulled over the capstan and ad' 
vanced to the storing reel and a new stretch of 
untwisted conductors is pulled through the twist 
ing head, whereupon the process is repeated on 
the new length of conductors. It has been found 
that a high degree of uniformity of twist may be 
attained by this intermittent method and that 
since means are known for reducing other forms 
of coupling between the circuits a cable substan 
tially free of cross-talk or other interference 
effects may be produced in this manner. 

It should be understood that the methods of 
twisting in accordance with the invention referred 
to above are applicable to conductors of diiierent 
types. 1t is thus evident that the methods can 
be readily applied to the well-known types of 
telephone conductors insulated either with paper 
strip or with paper pulp. ri‘he methods may also 
be applied to conductor pairs or quads in which 
the conductors are held spaced apart by means 
of insulating washers or discs, placed at regular 
intervals along the conductors. With this latter 
type of construction the intermittent method of 
twisting may be found preferable. 

IThe principles of the invention and their prac 
tical application in certain preferred arrange 
ments will now be described more in detail, and 
reference will be made to the attached drawing 
in which: 

Fig. IÍ shows an arrangement whereby con 
ductors may be twisted in accordance with the 
invention by an intermittent method; and 

Fig. 2 shows a twisted strand of two conductors 
separated by spacers and covered by a wrapping 
as produced in accordance with the invention. 
For the sake of convenience the machine is 

shown as being driven by electric motors 2H, - 
202 and 293 controlled by the switches 2i@ and 
itl. The motor 2li drives through an appro 
priate gearing the capstan 2M and the wrapping 
head 2&5. The motor 2M drives the spoolhead 
or twisting head Ni carrying the necessary num 
ber of spools 225 and 225 of conductors 23@ and 
'£32 and also carrying the guide or face plate 2211 
for passing the conductors from the spools into 
the equalizing space. The motor 2H and the 
apparatus driven thereby are mounted on a car 
rier 2t@ placed on a guide 262 and slidable along 
the guide by means of the arm 2b@ and the 
spindle 2M which is driven through proper re 
versing gears 265 by the motor 293. The capstan 
2M is provided for pulling the twisted strand 
235 from the equalizing space at a predetermined 
substantially constant speed. From the capstan 
the strand 235 passes on to the storing reel Zeil 
which may be driven in any desired manner. The 

' ’ motor 2 i2, when desired, also drives through suit 
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able gearing a wrapping head 2435 which carries 
a spool 2% of suitable wrapping material Eril. 
Spool Mt is rotated about the twisted conductors 
and applies the tape 21W at a fixed angle about 
the moving strand M5. 
Whereas the machine shown in Fig. l may be 

used for twisting individually insulated con 
ductors, the production of a modified strand con 
struction will be described. Thus the conductors 
23H and 232 will be assumed to be bare con 
ductors which in the t'wisted strand will be held 
apart by insulating spacers 23T, as shown in Fig. 
2. The spacers or washers 231 have two slots 236 

2,185,755 
`for passing the conductors into position; the slots 
are shaped so that they provide a slight locking 
action about the conductors, which snap into 
place. 
The distance between the guide 2N and» the 

capstan 24H or the point at which the twist be 
comes fixed, as by the wrapping ‘2W may be equal 
to five to ten twist lengths and should preferably 
be of the order of fifty or more twist lengths, a 
greater distance insuring greater uniformity of 
twisting pitch. 
Assuming now that the strand 235 has pro» 

gressed to the position shown in Fig. 1 and that 
the suspended portions of the substantially un 
twisted conductors 253i and 232 have been pro 
vided with spacers Zt‘i, and further assuming that 
all the motors are at rest, the switch 235 will 
ñrst be thrown to the left, operating motor 2H 
to rotate the spoolhead 22E a number oi times 
equal to the number of twists to be given to the 
stretched conductors. The switch 2H' is then 
closed and the reversing gear 255 set for sliding 
the carriage 26E to the right. After the twisting 
operation has been completed, the switch 26S is 
thrown to the right for driving the motors 252 
and 2&3 and for stopping the twisting motor 2i i. 
The capstan 2M will now pull the twisted con 
ductors 23H and 232 to the right and the spindle 
2M will slide the carriage 2t@ to the right with 
the same speed, and at the same time the tape 
261V will be applied about the advancing con 
ductors. When the carriage tti has reached its 
extreme right position, the switch 2i? is opened 
and the gear 265 is reversed. The conductors 
will now be held stationary by the capstan 24H 
while the carriage Ztl travels to its left-hand 
position, feeding out a new portion of. the con 
ductors 235 and 232. . 
With the carriage 26! there may be provided 

an automatic device for snapping spacers 237 
onto the parallel conductors immediately in front 
of the guide plate 22W and while the carriage is 
feeding the conductors out in its travel to the 
left, just described. This device may be of the 
type disclosed in U. S. Patent 2.060,162 issued to 
H. J. Boe on November l0, i936. The spacers 
may, of course, be applied by hand. When the 
carriage has reached the position shown in the 
drawing, switch 2id is opened and all the parts 
are in position for repetition of the steps just 
described. ,' 
Thus in accordance with this arrangement the 

conductors 23H and 232 are intermittently passed 
from the spools 225 and 225 through the guide 
EN while the carriage iti is traveling from right 
toy left and will be suspended substantially without 
twists through the long equalizing Aspace from 
the wrapping head i265 or the capstan Zéli, as 
the case may be, at which the twist is ñxed to 
the guide 22T. Due to the subsequent rotation 
of the twisting head 22! the stretched conductors 
will be given a number of simultaneous twists. 

it is evident that even comparatively iarge 
periodic irregularities in the rotation of the 
spoolhead 226 will, by this arrangement, be prac 
tically evenly absorbed by the twists which at 
any moment are being formed in the suspended 
stretch of the strand 235 with the result that 
the pitch of twisting will be constant throughout 

Y the length of the cable. 
Whereas the machine, as shown, has been ar 

ranged for twisting only two conductors, it is 
evident that >it may be modified tortwist any 
desired number of conductors. ' ' 

It is contemplated that the various rotating 
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elements of the machine may be driven through 
proper gearing from a single source of power 
and that the various switching operations, or l 
corresponding clutching operations ina full me 
chanical driving system for the machine may be 
performed in their proper order and with proper 
timing by automatic means. Such arrangements 
are well known to those skilled in this art and 
therefore are not shown or described herein. 

It will be seen from Fig. 2 that if it should be 
desired to apply the tape 241 to the edges of the 
Washers 231 the washers would be locked in 

` position and the twist of conductors 23| and 
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232 would be fixed. 
The distance between the spoolhead 22| and 

the taping head 245 may be made quite con 
siderable, for example as much as 100 to 150 
feet. The conductors are stretched between the 
capstan 24| and the spools 245, which may be 
provided with brakes in any desirable manner. 
To prevent undue sagging between the two points 
oi’ stretching, the conductors may be supported 
by rollers which may be automatically withdrawn 
as the carriage 26| advances to the right. 

It is evident that with the machine or process 
of twisting, described above, the two 4half cycles 
of a twist length cannot be consistently diii'erent 
on account, for example, of an irregularity in the 
speed of the twisting head. as there is no means 
by which the twisting could consistently affect 
one half cycle of each or any twist length in a 
different manner from the other half cycle. 
What is claimed is: , ` 

1. A method of twisting a plurality of continu 
ous conductors into a strand with a highly uni 
form pitch angle which comprises removing equal 
lengths'of a plurality of conductors from their 
«individual supply spools, stretchingsuccessive 
portions of said conductors between two lpoints 
separated by at least five twist lengths to equali 
ize the pitch angle of the twists, twisting the 
conductors together between said points by re 
Volving them at one of said points and i‘lxing the 
pitch angle by applying a binder to the strand 
at the other of said points. » 

2. A method of producing a continuous, twist 
ed strand of insulated conductors which com 
prises feeding equal lengths of a plurality oi’ con 
ductors from their individual supply spools, 
stretching successive portions of said conductors 
with substantial freedom of rotation over a dis 
tance of at least five twist lengths, holding the 
conductors at close mutual spacing throughout 
said portion, revolving one end of said portion to 
form a series of highly uniform twists in said 
portion and fixing the pitch angle by applying a 
binder to the strand at the other end of said 
portion. 

3. A method of producing a continuous, twisted 
strand of mutually insulated conductors which 
comprises feeding equal lengths of a plurality of 
conductors from individual supply spools, 
stretching a length of said conductors with sub 
stantial freedom of rotation between two points 
separated by at least five twist lengths and hold 
ing them at substantially the same mutual spac 
ing between said points as in the twisted strand, 
revolving the fed conductors at one of said points 
to form a series oi’ highly uniform twists' between 
said points and fixing the twist by applying a 
binder to the strand shortly before it passes the 
other of said points. ‘ 

4. A method of producing a continuous, twisted 
strand of mutually insulated conductors which 
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comprises feeding the conductors with equal 
speed through a twisting machine with individ 
ual conductor supplies, stretching successive por 
tions of the conductors with substantial freedom 
of rotation between two points in the machine 
separated by at least iive twist lengths, twisting 
the conductors between said points to form high 
ly uniform twists in the distance between said4 
points and fixing the twist by applying a binder 
to the twisted strand before it leaves the space 
between said two points. ' 

5. A method of twisting a plurality of continu 
ous conductors into a strand which comprises 
feeding said conductors with equal speed from 
individual supplies, stretching a portion of the 
fed conductors at close mutual spacing between 
two separated points in a twisting machine, ro 
tating the conductors at one of said points to 
form and equalize at least five complete twists 
in said portion, advancing the twisted portion 
through the twisting machine, applying an ex 
ternal binder to the twisted strand at the other 
of said points, and continuing the said operations 
on successive portions of the conductors. 

6. A method oi' producing a continuous, twist 
ed strand of conductors which comprises iirst 
passing equal lengths of the conductors into a 
twisting machine, suspending the conductors be 
tween two separated points in the machine and 
then rotating one end of the suspended portion 
of the conductors to build up a series of at least 
five uniform twists in said suspended portion, and 
repeating the said steps on successive portions 
of the conductors. 

7. A method of twisting a plurality of contin 
nous conductors into a strand which comprises 
passing the conductors through a twisting ma 
chine lby an intermittent motion, stretching the 
conductors during said intermittent passage be 
tween two separated points in the machine, and 
>between said intermittent motions rotating the 
conductors at one of said points to build up 
simultaneously a plurality of at least iive twists 
between said points. ` 

8. A method of forming a twisted strand from 
a plurality of bare conductors which comprises 
passing a portion of the conductors into a twist 
ing machine, holding the conductors stretched 
between two separated points in the machine, in# 
sulating the conductors between said two points 
to fix their separation, forming a plurality of 
at least ten simultaneous twists of said insulated 
conductors between said two points, advancing 
the conductors out of the machine and fixing the 
twists by applying a binder to the twisted strand 
at the point of leaving the machine and repeating 
the steps on the next succeeding portion of the 
conductors. « 

9. A method of forming a twisted strand from 
a plurality. of bare conductors which comprises 
passing a portion of the conductors through a 
twisting machine, holding the conductors 
stretched between two separated points in the 
machine, inserting spacers between said con 
ductors in said portion to fix their spacing apart, 
forming simultaneously at least ten twists of said 
conductors between said two points, applying an 
external binding to the spacers in the twisted 
portion of the strand to nx the twists, advanc 
ing the strand through the machine and repeat 
ing the steps on each succeeding portion of the 
conductors. t 
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