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39 Claims.

This invention relates to a method of and an
apparatus for twisting yarn, More particularly
the invention relates to the twisting of yarn into
threads and the cabling of such threads into a
cabled or stranded cord.

The invention has among its objects, the pro-
vision of an improved method for twisting yarn
which makes possible, in one operation involving
but one unreeling step and one reeling-up step,
the twisting of a plurality of the yarns to threads
and the cabling of such threads to cords.

Another object of the invention lies in the pro-
vision of a relatively simple apparatus, which is
flexible in its operation, for ecarrying out such
method.

A further object of the invention resides in the
provision, in such apparatus, of an improved
reeling device for cabling the threads, such device
including means for imposing a predetermined
tension on the threads being cabled.

Yet another object of the invention resides in
the provision in such apparatus, of an improved
thread feeding means for receiving the separate
twisted threads and forwarding them to the
cabling reel.

A still further object of the invention lies in
the provision, in the reeling device, of an im-
proved loading or cable laying finger and of &
novel traverse mechanism therefor. -

These and further objects of the invention will
be more readily apparent in the following de-
scription of preferred embodiments of the method
and apparatus of the invention.

There is a wide-spread need in industry for
the cabling of threads. Among the most common
uses for such cabled threads may be cited their
employment as reinforcing cords in automobile
tires and in V belts. It is most usual at present
to employ for such cause the various synthetics,
such as rayon and nylon, because of their
strength, and their heat and flexure resistance.
Both of such materials are formed as fine fibers

. extruded from spinnerets, a plurality of such
fibers being wound in the form of a flat ribbon
or yarn to form a “cake.” It is with the forming
of cords from such yarns with which the present
invention is primarily concerned, although it is
to be understood that the method and the appa-
ratus of the invention may be used to advantage
in forming cords from other fine fiber threads
and also from fine wire. The words “yarn,”
“thread,” and “cord” as used in the present speci-
fication and claims are therefore to be broadly
construed to include such materials, although the
invention will be particularly described in con-
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nec::on with the twisting of rayon yarn to form
cords.

In practicing prior art methods for performing
such yarn twisting operation, it has been neces-
sary, first, to form a plurality of separate threads
by twisting the yarns usually all {n one direction,
the resulting threads being reeled upon a separate
bobbin for each thread. Such threads were then,
in a separate, subsequent, operation, fed from
such bobbins and twisted together, usually in s
direction opposite to the direction of twist of the
Individual threads. There were thus necessary
two separate mnd distinct operations, each of
which involved feeding from bobbins, twisting
(more properly cabling in the second operation),
and reeling the resultant twisted product on a
bobbin. 8uch prior method was unduly time con-
suming, and in effect required a duplication of at
least some of the elements of the apparatus, in
carrying out the two twisting steps of the method.

The method and apparatus of the present in-
vention make possible the production of cabled
or stranded cord from yarn in one continuous

"operation. Generally, the method involves feed-

ing two or more yarns from separate supply bob-
bins, the bobbins being mounted on twisting
spindles preferably of such character as to im-
part a double twist to the yarn and thus to form
a thread. Each such thread so formed is then
fed continuously to a cabling reel, being combined
in their travel thereto, so that the cord laid upon
the bobbin in the cabling reel unit is composed
of two or more twisted threads cabled together.
The invention will be more readily understood
by a consideration of the drawings appended
hereto in which:

Figure 1 is a view in perspective of a preferred
embodiment of the yarn twisting machine of the
invention;

Figure 2 is a view in front elevation of such
machine, the view being taken from a plane par-
allel to that containing the axes of the yarn sup-
plying bobbins;

Figure 3 is a somewhat diagrammatic view in
vertical transverse section through the apparatus,
the spindles, at the left in Figure 3, being shown
as they appear from the line III—IIT in Flgure 2,
and the supporting structure therefor, at the
right in Pigure 3 being shown as it appears from
a vertical transverse plane through line JII—IIT
and thus through the right-hand end of the
frame shown in Figure 1;

Figure 4 is a view In plan of the apparatus
shown in Figures 2 and 3;

Figure 5 is a view In vertical section through
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the axis of the double twisting device serving as
& support for a yarn subplying bobbin;

Figure 6 is an enlarged view in vertical section
showing details of construction of the device
shown in Figure 5; )

Pigure 7 18 a view in side elevation of a station-

_'ary yarn tensioning device employed in the appa-

ratus shown in Figure 5;
mzuraaisavlewslmﬂartothstofrlgure'l

‘with the tensioning device turned 80° about its

longitudinal axis;

Pigure 9 15 & view in section through the longl-
tudinal axis of the yarn tensioning device, in
operative condition, the section being taken along
the line IX—IX in Figure 7;

Figure 10 1s a view similar to that of Figure 9
with the yarn engaging and tensioning blocks
open;

Figure 11 is a view in perspective of a yarn

engaging block employed in the yarn tensioning :

device;

Pigure 12 is a view in vertical section through
the axis of the cabling reel unit; :

Fgure 13 is a view in cross-section through
such cabling reel unit, the section being taken
along the line XIII—XIIT in Figure 12;

Plgure 14 is an enlarged view in vertical cross-
gection through the base of the cabling reel unit,
the section being taken along the line XIV—XIV
in Figure 13;

Figure 15 is a view in front elevation of the
traverse mechanism for the loading finger em-
ployed with the cabling reel unit;

Figure 16 is a view in side elevation of such
traverse mechanism;

Figure 17 is a view in rear elevation of the
traverse mechanism;

Pigure 18 is s view in plan of the traverse
mechanism;

Figure 19 is & horizontal section through the
traverse mechanism, the section being taken
along the line XIX—XIX in Figure 15;

Figure 20 is a fragmentary view in side eleva-
tion of the loading finger supporting unit;

Figure 21 is a view in plan of the unit shown
in Figure 20; and

Figure 22 is a view in vertical section through
such unit, the section being taken along the line
XXII--XXI1I in Figure 20.

The preferred embodiment of the yarn twist-
ing apparatus of the invention, which is shown
more generally in Figures 1 to 4, inclusive, in-
cludes a framework generally designated 2, of
which the corner vertical supports are designated
4, the lower front cross member §, the lower rear
cross member 8, the intermediate rear cross
member (4, the top front cross member 10, and
the top rear cross member 2. In Figures 2 to 4,
inclusive, such framework is generally omitted,
only the additional lower cross member 48 form-
ing the supporting means for the yarn twisting
units and the cabling reel unit being shown.
Member 48 is attached to intermediate end frame
members, of which one is shown at 1§ in Figure 1.
In the apparatus illustrated, there are employed
two bobbin supporting and yarn twisting devices,
the left hand such unit being designated 20, and
the right hand such unit being designated 22, It
1s to be understood that the invention is not limlt-
ed to the use of two such units, each supplying a
twisted thread to the cabling reel unit, but that
there may be employed any desired number, from
two upwards, of yarn twisting devices, depending
upon the number of twisted threads desired in
the cord. It is also to be understood that whereas
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in the device shown the two threads are twisted
separately In the same direction (hand) and are .
twisted together to form a cord in the direction
(hand) opposite to the twist of the individual
threads, such procedure is subject to variation as
desired. Thus it is possible to twist the threads
themselves and the threads together all in the
same direction, or to twist some of the individual
threads in one hand and some In thé other. In
the last case, the threads will usually be twisted
together to form a cord in a direction opposits to
that of the twist of the majority of threads being
twisted together.

The cabling reel unit shown at 24 is preferably
although not necessarily, located between twist-
ing devices 20 and 22. In the embodiment shown,
the axes of spindles 20, 22, and 24 lie in a com-
mon plane. The axes of spindles 20 and 22 are
spaced equal distances from that of spindle 24,
ag shown in Fig. 2. Capstan 38 is located with
its axis substantially at a right angle to the axis
of spindle 24, the axis of spindle 24 substan-
tially intersecting the capstan, as is evident from
Figs. 1-4, inclusve. As a result, threads 28 and
32 travel substantially equal distances from their
respective gulding eyes |4 to capstan 33. Gen-
erally the yarn, shown wound on a bobbin at 28
in twisting device 20, is fed therefrom in the
form of a twisted thread 28, and the similar yarn
shown at 30 in twisting device 22 is fed therefrom
as twisted thread 32. Preferably the yarn is in
the form of “flat yarn,” that is, one in the form
of a tape of generally rectangular cross-section,.
the width of the tape materially exceeding its
thickness. The two such twisted threads are
brought together at capstan 33 in parallel un-
twisted relationship, from the stepped capstan 33
continuing their travel in such relationship
through the compensator and shock absorber
generally designated 35, from which they emerge,
as shown at 34. In that portion of its travel
downwardly from the compensator until it enters
the cabling reel unit 24, the two threads are giv-
en one twist about each other, and in that por-
tlon of its travel shown at 36 in which it rises
through the center of the cord receiving bobbin,
it receives another twist, following which is is laid
or loaded onto the bobbin, as shown at 31.

The yarn twisting devices 20 and 22, the cabling
reel unit 24, and the stepped capstan 33, are all
driven by means of the vertically mounted electric
motor 38 secured to the frame as shown, the
motor carrying pulley 40 over which and the idler
pulley #4 is trained the flat belt 42. The idler
pulley is supported on member 4§ by means of
the intermediate support 48, devices 20, 22, and
24 likewise deriving their support from member
46. Member 48 is braced against turning by
reason of the connection between part 88, at-
tached thereto, and a cross member of the frame.
(See Figure 3.) Such frame cross member has a
front portion 88 at right angles to the spindles
terminating at member 58, and a horizontal rear
part 8i attached to the rear of the frame. Device
20 is supported on a sleeve, shown at 50, connected
to intermediate support and journal bearing 82.
Device 24 is provided with a supporting sleeve,
generally designated 868, which i1s supported in
the member 88 which also includes bearings, and
device 22, which is similar in all respects to device
20, has the supporting sleeve 62 held in the sup-
port 64. As will be apparent from Figure 2, the
two yarn twisting units and the cabling unit are
provided with drive pulleys engaging the same
run of belt 42, pulley 87 for unit 20 and pulley 86
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for unit 22 being positioned in front of such run
of the belt 42 shown in Figure 2, and pulley 60
for unit 24 being positioned in back of such run
of the belt. Thus pulleys 66 and 87 and the parts
of units 20 and 22 connected thereto, respectively,
rotate {in one direction, and pulley 80 of unit 24
and the parts connected to such pulley rotate in
the opposite direction.

The structure of the yarn supplying and yarn
twisting units 20 and 22 will be more readily
understood by reference to Figures 5 and 6, which
show in detall the structure of unit 22. The sup-
porting sleeve 62 is attached, as shown, to the
intermediate support 64. Such sleeve carries
Journaled within it an upright spindle of which
the bottom portion is designated 68, and the upper
axially bored portions integral therewith is desig-
nated T4, A ball bearing 10 is provided between
the spindle and sleeve at the bottom ends of both,
and a ball bearing 72 is provided between the
spindle intermediate its ends and the upper end
of the sleeve. The spindle thus rotates freely in
its supporting sleeve.

The axial passage through the upper portion
of the spindle is shown at 18. Such passage com-
municates at its lower end with a segmental slot
18, the inner wall of which is curved as shown.
The upper end of spindle part 14 is provided with
a yarn engaging twisting guide 80 fastened there-
to to rotate with the spindle. Guide 80 may be
any one of a number of conventional devices for
such purpose. In its preferred form, such guide
takes the form of two twisting blocks having gen-
erally flat confronting faces spaced slightly apart,
between which the yarn travels. Such blocks
may have a configuration similar to that of block
i28 (Figure 11), except that their rear faces need
not be rounded. The spindle 68 is rotated by
means of the pulley 66 keyed thereto, the spindle
also carrying the thread twisting delivery disc 82
having the radially directed cable tube 84 located
therein, the inner end of which, as shown more
clearly in Figure 6, communicates with the seg-
mental slot 718. Rotation of the pulley 68, as is
clearly apparent from Figures 5 and 6, rotates
the disc 82 and twisting guide 80.

Supported on the spindle in floating relation-
ship therewith is the bobbin supporting structure,
indicated generally at 86. Such structure in-
cludes the upstanding sleeve 88 surrounding spin-
dle part 14, the sleeve being supported on the
spindle through the medium of the upper ball
bearing 90 and the lower ball bearing 82. Struc-
ture 86 also includes the radially directed disc
portion 94 having the depending flange 86 there-
on. Such structure 86 is provided at one zone
with a weight, shown at 97 in the form of & cast
lead rauss, so that the floating bobbin supporting
structure is unbalanced. When the structure
shown in Figure 5 is mounted as shown in Figure
1, with its axis at a substantial angle to the ver-
tical, structure 86 tends to remain with the weight
87 positioned downwardly.

The bobbin shown at 98 is fixedly positioned on
supporting structure 86, the stationary tension
device 100 being positioned within the bobbin and
coaxially thereof by means of the supporting
member shown at {02. Device 22 is covered by
the outer can {04 attached to the outer face of
flange 86 and by the conical cover 106 fitting on
top of the can. When the device shown in Figure
6 is operated by driving pulley 68, untwisted flat
yarn, shown at 108, is fed from the bobbin into
the upper end of the tension device {00. The yarn
engaging paws of such device, subsequently to be
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more .fully described, are as stated, stationary,
with respect to the bobbin, and thus the yarn is -
given a first twist in the portion ([0 between ten-
sion device 100 and rotary twisting guide 80. The
single twisted thread, designated 112, is fed down-
wardly through passage 76 in the spindle into
cable tube 84, from the outer end of which it is
fed upwardly to the stationary eye 114, which is
attached to a part of the machine frame. In
that portion of its travel shown at {18, from the
outer edge of disc 82 to the eye 114, the thread
receives a further twist; thus the devices 20 and
22 shown are called “double twisting spindles.”
The floating mounting of the bobbin support
cushions the yarn against accelerations such as
occur when the machine is started. When the
machine has come up to speed and the parts have
reached equilibrium, support 88, as stated, tends
to float in one position and merely to rock there-
about rather than to rotate about the spindile.

Spindles 20 and 22, which may also be called
“two—for-one” twisting spindles, effect an opera-
tion which is sometimes termed “two-for-one”
twisting. ‘

By reason of the rotation of disc 82 in each of
spindles 20 and 22, each of the threads 28 and 32
fed from such spindles, respectively, upwardly
through eye 1 {4 forms a balloon which travels in
Iree flight through the air, as indicated in Flg. 2.
Eyes (14 are located coaxially of the spindles and
above them, as indicated in Figs. 2 and 3, each eye
{14 being located the same distance from the top
end of its respective spindle. Thus when the
yarns forming threads 28 and 82 are substantially
identical, because of the substantial identity of
the spindles 20 and 22 and of the speeds at which
they are rotated, the ballons formed in threads
28 and 32 in the portion i 16 of the run of each wili
be substantially identical in width and the ten-
sions in such threads 28 and 32 will be substan-
tially the same when the tension device (00 of
each of spindles 20 and 22 is adjusted to the same
point,

The stationary tension device 108, positioned
within the bobbin 88, is more clearly shown in

% Figures 7-10, inclusive.

In Figures 7 and 8 the device is shown iIn side
elevation in positions turned 90° about its lon-
gitudinal axis. In Figure 9 it is shown in Iongitu-
dinal section with the tension blocks together in
operative relationship, and in Figure 10 it is
shown with the springs which tend to thrust
the tension blocks together relieved from con-
tact with the blocks so that tension is removed
from the yarn passing between such blocks.

The tension device comprises an elongated
meain body having a cylindrical upper end (18
and a lower end 120 generally square in cross-
sectlon. The upper end {18 has an axial bore
122 therethrough, and the lower end has an axial
bore {24 through it, so that yarn may be passed
longitudinally through the body. The lower end
120 is provided with a transverse passageway
126 within which the tension blocks 128 are slid-
ably received. To facilitate removal of the ten-
sion blocks, body 120 is provided with a further
transverse slot 129 at right angles to passage-
way 126, so that the blocks may be removed from
the device through slot 129. The outer ends
of slot 129 are partially covered, as shown in
Figure 8, by the removable cover plates 127.

The tension blocks are generally in the shape
of rectangular parallelopipeds, the outer ends 30
of which have a generally cylindrical configura-
tion as shown. The inner yarn engaging face
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132 of each block is flat, each block having on the
upper edge thereof, which first meets the yarn
in its travel thereby, a recess 134 in the shape of
one-half a cone, the apex of which is positioned
downwardly. When the two blocks 128 are
pressed together the recesses (34 cooperate to
lead the yarn therebetween In a path centrally
thereof.

The two blocks 128 are pressed together with
& predetermined force, thus allowing a predeter-
mined tenslon to be placed upon the yarn, by
the leaf springs 136, one spring being positioned
in each of the oppositely disposed longitudinal
slots 138 in the outer face of body 128. Each such
spring has its lower end bent cutwardly back
upon itself, the spring being maintained in the
slot by engagement of the hooked end 138 of such
outer end of the spring partially around the cross-
pin 140 in slot 188. The forward end of the
spring 142 is bent inwardly and then outwardly
as shown. The conflguration of the spring is
such that, when the forward ends (42 are not
pried apart, the springs lie flat upon the bottom
of the slot 138 and press blocks (28 together,
when no yarn is passing between them, so that
their faces 132 are in contact.

The tension device is provided with a means
whereby the amount of force imposed upon the
blocks by the springs, and thus the tension upon
the yarn passing through the device, may be
varied. In the preferred embodiment, such
means takes the form of the sleeve (44 fitting
about body (18, the sleeve having on its forward
or lower end a shoulder i46 in the form of a
cone converging toward the body 120. The sleeve
may be adjusted longitudinally of body (I8 by
means of the nut 148 threaded upon the upper
end of such body §i18. By rotating the nut 148
in such direction as to thrust sleeve (44 to the
left, in Figure 9, the ends 142 of the springs may
be blased cutwardly by the shoulder 146 in pre-
determined amounts, thus varying the force
which the springs 136 exert inwardly upon blocks
128. The configurations of shoulder (46 and
ends 142 of the leaf springs, and the total length
of travel of sleeve 144 to the left, are so selected
that the sleeve may be thrust to its stable end
position at the left, as shown in PFlgure 10, to
allow the blocks 129 freely to be thrust apart by
yarn passing through and thus to relieve the yarn
of any retarding tension.

The structure of the cabling reel unit 24 will be
more readily apparent from a consideration of
Figures 12, 13, and 14. As shown in Plgure 12,
supporting sleeve 56 is fixedly attached to sup-
port 88 and carries, rotatably mounted within
it, the spindle (52, the lower ball bearing 154
and the upper ball bearing 186 providing such
support of the spindle in the sleeve. In its upper
portion spindle 152 is provided with an axial
bore (88 for the reception of a cord guide, as
will more clearly appear hereinafter.

Floatingly mounted on the upper end of the
spindle is a structure for supporting bobbin 162.
Such structure includes the base member (80
supported on the spindle through the medium of
the upper and lower ball bearings {64 and 166, re-
spectively, and the mandrel 188 forming an ex-
tension of structure 160, the two parts 160 and
168 having upwardly converging conical surfaces,
as shown, for supporting and driving connection
with the inside of the bobbin 162.

‘The cabling reel unit of the invention includes
means whereby the cabled yarn or cord is reeled
with a predetermined amount of tension. Al-
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though such tension determining means may take
the form of a friction slip-clutch, in the preferred
embodiment of the device there i35 employed a
magnetic slip-clutch. Such device 13 made up
of the outer cage member (10, shown attached
to and depending from the bottom of structure
180, and the inner rotor member {712 keyed to
the spindle 182, 'The structure of such magnetic
slip-clutch, which will be more fully explained in
connection with Pigures 13 and 14, is such that
rotation of member 112 within member {18, the
latter of which includes a strong permanent mag-
net, induces current in the first member and thus
vieldingly connects the two members for rota-
tion together. Thus structure 160 and the bobbin
mounted thereon is yieldingly driven from the
spindle 152. .

On the spindle 182 there is also mounted a disc
118 which is fixedly connected to the pulley 60.
The disc 174 forms the base to which the cylin-
drical partial cover in the form of a can {18 is
attached. Such can provides support for the U-
shaped tubular cord guide 18, the outer leg
180 of which is secured in upright position to the
inside of the can, the bottom portion 182 of which
is positioned radially on top of disc 114, and the
other or inner leg (84 of which is positioned
within the bore (88 in the upper end of the
spindle 182,

Also mounted on the spindle 182 is the dise
188, which is foatingly connected thereto
through the medium of the ball bearings 181.
Disc 188 serves as the support for the plurality
of spaced upright standards 188, the tops of
which are connected by the ring 190. Disc 186
is provided in one zone thereof with a heavy
weight, such as the poured lead weight 189, so
that the disc is unbalanced and that thus when
the spindle is positioned at a substantial angle
to the vertical, as indicated in Pigure 1, the disc
186 and the structure attached thereto tend float-
ingly to remain in one angular position with
welght 188 downwardly. Disc (86 also serves as
support for the walker unit 192 and the frame
therefor, more clearly shown in Figures 15 to 19,
inclusive, by which the cord loading finger is
supported and traversed up and down the length
of the bobbin 162. In general such device in-
cludes the vertical rotatably mounted worm 184
driven from spindle (52 by means of the pulley
196 thereon, the flat belt 198 trained about such
pulley and about pulley 200 on the bottom end of
the worm. As shown in Figure 13, there is pro-
vided a spring tensioned idler pulley 202 about
which such belt runs, the idler pulley beling
mounted on the end of the arm 204 pivotally
mounted on disc {86, the arm being impelled out-
wardly by means of the coil spring 208.

The magnetic slip-clutch includes in its cage
170 the permanent magnet 208 the top surface
of which is spaced from the bottom surface of
part 160 as shown in Figures 12 and 14. Magnet
208 has a plurality of equally spaced pole pleces
210 formed on its inner, generally cylindrical sur-
face. Such magnet is preferably made from the
materials having high permeability, such as the
alloy composed of 24-30% Ni, 8-13% Al, balance
Fe, and the alloy composed of 24-309 Ni, 8-13%
Al, 5-10% Co, balance Fe, The inner rotor 112
has its main body portion 2fi made of soft an-
nealed steel, there being provided on its periph-
ery a sheath of non-magnetic metal 212 of high
electrical conductivity, such as copper to provide
8 low resistance path for the eddy currents. It
will be apparent that relative rotation between
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parts 1710 and (12 induces electric currents in
" part 112, as in the rotor of a squirrel cage motor,
- and that the cage and rotor are thereupon cou-

pled magnetically. The amount of torque at a

given relative speed between the parts 110 and

1712 depends upon the air-gap between them.

Consequently variation of the air-gap by sultable
dimensioning of the parts allows the selection of

a predetermined amount of tension on the cord
. wound on the bobbin 182 driven by casing 110

of the clutch. :

" Because normal operation of the device in-
volves considerable slip between the rotor and
cage and thus appreciable eddy currents, there
is substantial heating of the rotor. Heat is dissi-
pated therefrom by providing a series of vertical
holes 214 through the body 211 of the rotor 1712,
a series of holes 215 in disc 186, and an air im-
peller in the form of a fan 2i6 keyed fo the
spindle beneath member 174. When the spindle
is rotated cooling air is thus caused to flow, as
shown by the arrows in Figure 12, upwardly
through the rotor 214, thence laterally into the
space between the top of magnet 208 and the
bottom of part 168, and finally outwardly through
- the angularly spaced radial openings 115 through
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the outer part of rotor 170 below the bottom

surface of part [60.

The stepped capstan 33 at which the two
twisted threads 28 and 32 are combined in un-
twisted side-by-side relationship also constitutes
the means by which the number of turns per
inch (pitch) in the cabling operation is gov-
erned. The capstan, which is shown with the
three steps 218, 220, and 222 which are smoothly
dished in axial cross-section, is driven at a speed
bearing a definite relationship to the speed of
rotation of the spindle 152, and thus at least
approximately to the speed of rotation of the
bobbin 182. The capstan, of course, receiving
as it does threads 28 and 32 from units 20 and
22, respectively, also determines the rate of pay-
ing out of the single twisted threads from such
units by at least substantially positively pulling
the threads from the outer ends of the balloons
in the threads created and maintained by their
respective spindles 20 and 22. Variation in the
number of turns per inch of the twist (pitch)
in the single twisted threads may be ac¢com-
plished by changing the diameter of drive pul-
leys 66 and 61 relative to that of pulley 60 driv-
ing the cabling reel unit. The surfaces of the
steps 218, 220, and 222 of capstan 383 are each,
in the embodiment shown, of partial toroidal
shape. Such surfaces function, in the feeding
of the combined but untwisted threads, in a man-
ner more fully set out hereinafter.

The capstan 33 is affixed to the forward end
of the cross shaft 224 journaled in pillow blocks
on the top of the machine frame. Such shaft is
driven through the medium of chain 228 which
runs over sprocket 22§ on the rear end thereof,
and sprocket 242 on drive shaft 238, shown at
the bottom in Figure 2. An adjustably posi-
tioned idler sprocket 230 is provided to maintain
the chain 228 taut. Shaft 238 is driven from
spindle 152 by means of the worm 232 afixed to
the bottom of the spindle, such worm meshing
with worm gear 234 keyed on the forward end
of shaft 236, the shaft being journaled in pillow
blocks, as shown, on the machine frame. Be-
cause spindle 152 is positioned at an angle to the
vertical, a universal joint 240, shown for sim-
plicity in straight condition in Figure 3, but ac-
tually driving through a marked angle in the
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device shown in Figure 1, is employed. As above
explained in connection with the manner of sup-
porting member 48, the front part 59 of the
frame cross member, which is disposed at right
angles to spindie 182, 1s, in the actual machine,
tipped at an angle to the horizontal equal to that
which spindle 152 makes with the vertical. Part
61 of the frame cross member, and shafts 228
and 238 are horizontal in the actual device.

Major changes in the speed ratio between shaft
152 and shaft 224, and thus changes in the num-
ber of turns per inch (the pitch) in the cabling
operation, are effected by the use of suitable
ratios of sprockets 226 and 242. Minor changes
in the pitch of the cabled cord, that is, number
of turns per unit length, are made by shifting the
threads 28 and 32 to the appropriate step of the
capstan, such steps filling smoothly the gaps in
the speed ratio obtainable by sprocket changes.

Each of steps 218, 200, and 222 of capstan 33,
besides acting as a gathering point for the
threads dellvered from the twisting spindles 20
and 22, also functions as an automatic tension
compensator and equalizer. The threads con-
tinually try to travel to the end of the step over
which they are trained, because the speed of the
end and thus its frictional drag on the threads
is greater than that of the center of the step.
Slippage between threads and capstan step, how-
ever, limits travel of the threads toward the end
of the step. The continual movement or “walk-
ing” of the threads axlally of the capstan step
tends to even out varlations in tension in the
threads. Thus the capstan 38, together with the
compensator and shock absorber 8%, [function
to feed the threads to be cabled to the cabling
spindle under uniform tension.}] applies a com-
pensating tension to the threads passing there-
over to conirol the balloons of the spindles 20
and 22, and functions to feed the threads to be
cabled to the cabling spindle under uniform
tension, As a result, the balloon of device 24 is
also controlled by the compensating tension ap-
plied to the combined as yet uncabled, threads
passing over capstan 33 and through device 35.

The combined threads 28 and 32 untwisted on
each other, fed from the capstan 33, travel to
the compensator and shock-absorber 35 shown
in PFigure 2. Such device, which has an elon-
gated horizontally disposed main frame 244, is
supported from member 10 of the machine frame
by the depending support 246. The compensator
includes a thread guide pulley 248, the support-
ing block 26{ of which is mounted for longitudinal
travel on the longitudinal rod 250 supported by
the body 244, parallel thereto but spaced there-
tfrom, pulley 248 being thrust to the right in Fig-
ure 2 by means of the compression spring 252.
Block 251 is bored to receive rod 2§80 there-
through, a key connection (not shown) being
provided between block and rod to prevent turn-
ing the block on the rod. The compensator is
further provided with a fixed idler pulley 2354
and a dead eye 256 as shown in Figure 2, so that
the combined threads fed downwardly from the

- capstan are first led over pulley 248, thence to

70

the left around pulley 2548, and from there
through the dead eye 256 from which it emerges
at 34 to travel downwardly and into the leg 180
of guide tube {18 of the cabling reel unit. Eye
256, as shown in Figs. 2 and 3, is located sub-
stantially coaxial with spindle 24, and between
the upper end of such spindle and capstan 33.
Thus the bolloon which forms in the cord 34
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between eye 288 and cord guide (80 is symmetri-
cal about the axis of spindle 24.

The construction of the walker unit ($2 and
of the frame on which it travels will bs clearly
apparent by a consideration of Figures 16 to 19,
inclusive. The frame on which such unit travels
is mounted on the cabling reel unit 24, as shown
in Figures 12 and 13, parallel to the axis of the
spindle (82. Such frame consists of the bottom
cross member 288, a similar top member 284, a
first longitudinally extending frame member 262,
and a second such member 204 parallel thereto.
One of the standards {88 is, as shown, also uti-
lized ifh forming such frame. Such frame is at-
tached between the disc 188 and the eop 198 so0
as to be fixed thereon.

The two longitudinal members 262 and 204
are provided with Inwardly facing rack gears 268
and 268, respectively, the bottoms of such rack
gears being connected by a short horjzontal rack
270. The walker unit 192 is made up of the front
plate 272 and the rear plate 274, such plates be-
ing connected by suitable cross members, of
which one is shown at 278 in the form of a
bottom plate for such unit.” The unit 192 is
mounted and guided on thé framework so as to

. travel from top to bottom thereof, such travel
being effected as follows; the worm 194 is, as we
have seen, driven by spindle (82 through the
medium of belt 98, and pulleys 198 and 200.
The walker unit 192 has mounted therein a trans-
verse shaft 280 on one end of which there is af-
fixed the worm gear 278 meshing with worm 194.
Also keyed to shaft 280 is a pinion 282. Jour-
naled on the walker unit frame coaxially of shaft
289 is a cage 284 which Is provided with a cross-
shaft 286 carrying a pinion 288-constantly in
mesh with pinion 282. Pinion 288 has a diame-
ter somewhat less than the distance between
rack gears 288 and 268. 'Thus, rocking of the
cage 284 in a clockwise direction (Figure 15)
causes pinion 288 to mesh with rack gear 288
and rocking of such cage in a counter-clockwise
direction frees pinion 288 from contact with rack
268 and causes it to mesh with rack 266. The
cage is provided with an arm at 290 and with a
cam follower 292 on the end thereof, such cam
follower cooperating with the upstanding cam
track 284 affixed to frame member 282. The cam
track is provided at its bottom with an opening
298 through which the cam follower 282 may
pass. The cam track terminates at its upper end
at 208. In order to position cage 284 stably, a
coll spring 291 is positioned between the arm
and the frame of the walker unit to urge the cage
in a clockwise direction, as shown in Figure 15.

From the above description the manner of op-
eration of the walker unit will be apparent. Ro-
tation of worm 194 in one direction drives worm
wheel 278 and thus pinions 282 and 288, causing
such latter pinion to climb up or down the rack
with which it is in mesh carrying with it the
unit 192. Assume for example, that the worm is
driven in such direction that the walker unit is
progressing downwardly (Figure 15). When
pinion 288 reaches the bottom of rack 288 it then
meshes with transverse rack 270, which causes
cage 284 to be rocked counter-clockwise, against
the action of spring 281, since at this point the

cam follower 292 lies opposite opening 298 in the

cam track. The follower then travels upwardly
to the right of the track, thus preventing the
spring 291 from returning the cage to its former
position. Pinion 288 then meshes with rack 268,
and, still rotating in the same direction, causes
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the walker unit to climb in the frame, The
continues travel in such direction until the
follower 292 clears the upper end 298 of the
track. Spring 201 then turns the cage clockwise
to cause it to assume the position shown in Plgure
15, so0 that the unit then again travels down-
wardly.

The wa.lker unit above described forms the
support by which the loading finger is traversed
up and down the length of the bobbin 182. Sup-
port for such finger on the walker unit is afforded
by the mounting plate 308, to which the loading
finger and the support therefor more clearly
shown-in Figures 20, 21, and 232, are attached.

Such loading finger support consists of the main
body 302 which is pivotally mounted on an axis -
parallel to the axis of the bobbin on the attach-
ing means 304. Means 304 in turn, is attached
to plate 300. Means 304 has two spaced ears 308
between which are recelved the spaced ears 312
on the rear end of body 302. A shaft 308 is re-
celved in openings through the two pairg of afore-
mentioned ears, being pinned as shown to ears
308. A toothed or ratchet wheel 310 is positioned
on shatt 308 between ears 8/2 and is pinned to
such shaft. There is provided a pawl in the form
of leaf spring 314, the forward end of which is
secured to the body and the rear end of which
normally impinges on the ratchet wheel. It will
be seen, particularly by considering Figure 21,
that when the pawl 3{4 is in operative relation-
ship, body 302 may be swung quite freely in a
clockwise direction but it is prevented from mov-
ing counter-clockwise by the pawl. Thus the
loading finger mounted on body 302 is prevented
from becoming jammed against the bobbin (82
or the cord 37 wound thereon. The finger is
initially positioned by being placed in contact
with the bobbin or the cord wound thereon, at
its greatest diameter, after which the finger is
automatically thrust outwardly at each repeated
contact between it and the portion of the wound
cord of greatest diameter. The pawl may be re-
leased to swing the body 302 counter-clockwise,
when required, by means of the plunger 318 which
when pressed upwardly (Figure 21) removes the
rear end of the pawl from contact with the
ratchet wheel 3(0.

The loading finger, shown generslly at 318, is
adjustably mounted on the forward end of the
body 382 so that it may be varied In its effective
length. The forward end of the finger is pro-
vided with a guide shoe 320 which lies close to
or engages, as the ease may be, the outer layer
of cord on the bobbin, thus insuring correct
placement of the cord being laid. Body 302 is
also provided with an idler pulley 322 under
which cord 36 travels prior to its entry in the
guide opening in the shoe 320.

The cabling reel unit 24 is also provided with
an upwardly and inwardly inclined guide arm
324 positioned on top of ring {90, such arm carry-
ing the upper idler guide pulley 326 and the lower
idler guide pulley 328. The two threads 28 and
32, combined, as explained, in untisted parallel
relationship at the capstan 33 travel in that con-
dition through the compensator 35. Immedi-
ately on emerging from eye 2868 the two threads
are cabled. The first twist of such cabling is
glven them in that portion of their travel in
which the cord forms a loop or balloon which
travels in free flight through the alr, that is from
the eye 258 to leg 188 of the cord guide tube, by
reason of the rotation of the disc 174 and thus
the cord guide carried thereby. Such first twisted

BEE
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cord 1s then given a second twist, in the same
direction, in that portion of its travel, shown at
36, from the inner end of leg 182 of the cord
guide to upper guide pulley 328. The cabling or
take-up reel or twisting unit 24 thus functions to
«tipo-for-one” twist the elongated flexible ma-
terial such as the cord passing thereinto, and
may properly be called a “two-for-one’ twisting
and cotling spindle. The double twisted cord then
travels downwardly around the guide wheel 328,
under guide wheel 322 on the walker unit, and
thence to the shoe 320 of the loading finger 318
where it is laid on the bobbin 162 to form the
wound package 3T.

The overall operation of the illustrative em-
bodiment may be summarized as follows:

The yarn extending from each of the singles cr
supply twisters 20 and 22 undergoes one twist per
spindle revolution while in the twister and is

given a second twist by being spun around the 2

twister or source of supply in the form of a free-
Rying balloon which exerts centrifugally a pull
at its supply end counteracted by the back ten-
sion of the tensioning device on the twister
spindle. A similar pull or tension exists on the
twisted material at the other or outler end of this
balloon. From there the material extends over
the gathering pulley and the compensator in
gathered relation to similar material exlending
from the other supply balloon, and thence it en-
ters directly into the outer end of the central
cabling or take-up balloon which spins freely
around the take-up twister 24. The cabling or
take-up balloon exerts centrifugally a pull on the
material opposing the pull exerted thereon by
the supply balloon or balloons, and differences be-
tween these opposing pulls or tensions are com-
pensated by the frictional slip driving action of
the gathering pulley and/or the varinble drag
of the spring tensioned comgpensator. Thus the
several bualloon jormations are continuously
maintained even though the materials undengo
continuous longitudinal travel jrom the yarn sup-
ply bobbins to the cord storage bobbin.

The material at the inner or lower end of the
cabling or take-up balloon extends into the fiyer
and spindle of the take-up twister and thence is
drawn in and reeled on the bobbin of this twister,
having been twisted once per take-up twister rev-
olution while in the Aying balloon and twisted
a second time while passing to and through the
spindle. Since the supply and take-up balloons
spin in a counterbalanced relation and automati-
cally maintain balancing tensions at their respec-
tive outer and inner ends, the continuous positive
drawing or winding in of the cabled material
simply causes continuous longitudinal travel of
the materials through the balloons from the
supply bobbins to the cord bobbin, and in the
course of this travel two complete two-for-one
twistings are imparted to produce a multiple
twisted material or cord of high qualily in a
simple and economical manner,

The capstan or gathering pulley 33, referred to
above, imposes compensating tension upon the
strands passing around it from the singles bal-
loons and extending to the central or cabling bal-
loon, by reason of the following: Capstan 33 is
rotated by a rositive drive connection at a speed
correlated to the speed of the singles lwisters
and the speed of the cabling twister, and has fric-
tional engagement with the gathered strands
wrapped around it. The gathering means thus
serves as a tension-producing means, or in other
words as a compensating tension imposing means,
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in either of two ways: When the conditions of
operation are such that the tension in the gath-
ered strands entering the cabling balloon exceeds
the sum of the counteracting lensions in the
strands leaving the singles balloons, which is the
case when the apparatus of the invention is used
for twisting rayon yarns into cord, to form a cord
such as tire cord, the gathering pulley imposes a
frictional resistance against travel of the strands
at o speed greater than its peripheral speed and
thus counteracts the excess tension of the cabling
balloon. Under these conditions the gathering
means retards the travel of the gathered strands,
and its drive connection can serve only to con-
trol the rate of sirand travel by restraining the
rotation of the gathering means. If the condi-
tions of operation are such that the sum of the
tension of the strands leaving the singles balloons
is greater than the tension in the gathered
strands entering the cabling balloon, the gather-
ing pulley 33 overcomes the excess tension on the
singles side of the system and thus serves as @
driving means to keep the strands advancing into
the cabling balloon at a substantially constant
speed. In the particular form of apparatus
shown, the magnitude of the retarding counter
tension or the forwarding pull ererted on the
strands by the gathering means, according to the
conditions of use of the machine, depends upon
the resistance ecisting at the pulley 33 against
free movement of the strands, i. e., in this form
upon tne resistance exerted by the pulley against
Jree relative motion or slippage between the gath-
ered strands and the pulley; and this in turn is
affected by several factors including the area of
contact therebetween, the shape of the pulley,
and the coefficient of friction between the strands
and the pulley.

The strand guiding eyes 114 of the singles spin-
dles 20 and 22 and the similar guiding eye 256 of
the doubles spindle 24 are all positioned coaxially
of their respective flyers and, in the embodiment
shown, in fired positions at definite distances
therefrom so that the strand portions forming the
balloons at the respective spindles can be whirled
about the axes of the spindles as free-flying loops
or balloons having distinctly bowed forms and
each having a definite height as measured from
the flyer to the corresponding eye. In the doubles
spindle 24 the laying of the cord upon the bobbin
is effected without change of the balloon height
by action of the cord traversing or “walker unit,”
previously described, rather than by axiel travel
of one spinning part of the spindle relative to
another spinning part of the spindle as in some
known multiple twisting spindles.

The bowed form of the ballooning strand por-
tion between the eye and the flyer of each spindle
and the extension of that portion from a source
under a definite tension enable each strand por-
tion to keep itself in a substantially stable flying
condition while it is being lwisted in the balloon.
When its bowing or radius of rotation is reduced
by its twisting action or by an excess travel of
the strand from the balloon, ils pull on the in-
coming material will increase so as to draw addi-
tional material into the balloon and thus restore
a normal position; while if its bowing is increased
its pull on the incoming material will decrease.
Since material leaving the balloon of each singles
or supply spindle at its guiding eye extends to the
eye and thence into the separate balloon of an
isolated cabling or take-up spindle, a constric-
tion of the latier balloon can cause a correspond-
ing change in the sirgles bglloon or balloons,



15
which in turn can correct itself through the ai-

tendant pull of each singles balloon on the mate- -

rial coming into it from the tensioning device of
the singles spindle.

Further, since the distinct balloons form iso-
lated though interconnected spinning systems,
the axial length or height of each balloon can be
selected so as to obtain a desired large material
holding capacity within its orbit, and yet so as
to have its pull on the balloon-interconnecting
portion of the strand material desirably related
to the opposing pull thereon of the connected
balloon. .

Because the twisting operations involved in
progressing from yarn to cord all take place con-

tinuously and without stoppage of the material, -

the cord resulting therefrom is characterized by
its uniformity. This follows from the fact that
the twisting of all threads and that of the threads

together to form a cord, are all correlated, thus ¢

insuring the production of a cord of accurately
predetermined uniform construction. The proc-
ess, and the use of the apparatus of the inven-
tion, are also distinguished by their speed, their
economy, and their lack of necessity for the con-
tinuous attention of an operator.

Whereas I have described and illustrated pre-
ferred embodiments of the method, the apparatus,
and the component units of the apparatus, of the
invention, it will be understood that the inven-
tion in its broader aspects is capable of con-
siderable variation as to details. The invention
is therefore, not limited to the embodiments
thereot shown and described, but is defined by
the scope of the following claims.

I claim as new the following:

[1. The method of forming stranded cord from
& plurality of yarns in one continuous operation,
comprising the following steps in the order
named: féeding each of a plurality of yarns in
the direction of its length from its separate
source of supply, during such feeding separately
twisting the yarns to form threads, gathering
such threads into generally parallel relationship,
forwarding such threads in such relationship,
forming a loop under ylelding tension in such
forwarded threads, feeding the threads together
from the loop, and twisting the thus fed gathered
threads together to form a cord, the first twist-
ing, the gathering, the looping, and the second
twisting steps being performed with the material
continuously in motion.}

[2. The method of forming stranded cord from
8 plurality of yarns in one continuous operation,
comprising the following steps in the order
named: feeding each of a plurality of yarns in
the direction of itslength from its separate source
of supply, during such feeding separately twist-
ing the yarns all in the same hand to form
threads, gathering such threads into generally
parallel relationship, forwarding such threals in
such relationship, forming a loop under yvielding
tenslon in such forwarded threads, feeding the
threads together from the loop, and twisting the
thus fed gathered threads together in the other
hand to form a cord, the first twisting, the gather-
ing, the looping, and the second twisting steps
being performed with the material continuously
in motion, the speed of gathering and forward-
ing of the threads to the loop governing the speed
of withdrawal of the yarns from their sources.J

3. The method of forming stranded cord from
& plurality of yarns in-ohe continuous operation,
comprising [the following steps In the order
named: ] withdrawing each of a plurality of yarns
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from its separate source in the direction of its
length, separately twisting such yarns [each such
yarn] each in g free fiying loop [the same pre-’
determined amount in the same hand] to form
threads, gathering such threads by whirling a
free loop of each yarn about its source in a sepa-~
rate orbit in approximately parallel relationship
while continuing the travel of the material, for-
warding the gathered threads into a free flying
loop thereof yieldingly maintained under ten-
sion, feeding the threads together from such
loop [, and] wkile whirling such loop in an orbit
isolated from the orbits of the yarn balloons,
thereby twisting the thus fed gathered threads
together [in the hand opposite the direction of
twist of the individual threads] to form a cord,
and yleldingly coiling the resulting cord within
the orbit of the whirling loop of gathered threads,
the twisting of the threads together being so
conducted as to form a cord of predetermined
pitch, such pitch having a predetermined rela-
tion to the pitch of the individual twisted threads,
the speed of gathering and forwarding of the
gathered threads governing the speed of with-
drawal of the yarns from their sources, all of such
steps being performed with the material con-
tinuously in motion.

4. An apparatus for forming stranded cord
from a plurality of yarns in one continuous op-
eration, comprising a plurality of yarn supplying
and twisting spindles, each spindle including
means for feeding yarn from the spindle and a
rotary driven means to twist the yarn into a
thread while it is fed from the spindle, means for
driving the rotary twisting means of each spindle
in such direction as to twist the threads in the
same hand, means in the form of a driven sheave
recelving the threads from the spindles for feed-
ing them off their spindles and for gathering and
forwarding them, means receiving the gathered
threads including a coller, rotary driven means
for twisting threads together, before they pass to
the coiler, in the hand opposite to the twist of the
individual threads to form a cord, means for driv-
ing the sheave and the last named rotary twisting
means ai a predetermined speed relationship, the
material traveling continuously from the sources
of supply of the yarn to the coiler, and looper
means interposed between the sheave and the last
named twisting means to store an excess length
of gathered threads yieldingly under tension.

5. An apparatus for forming stranded cord
from a plurality of yarns in one continuous op-
eration, comprising a plurality of yarn twisting
spindles, each such spindle including a source
of supply of yarn and rotary means for twisting
the yarn into a twisted thread of the same hand,
means for driving the rotary twisting means of
each spindle, means for gathering and forwarding
such threads from the spindles, and means for
twisting together the threads in the hand oppo-
site to the twist of the individua] threads to form
a cord, such last named means being a coiler in-
cluding a driven rotary cord receiving bobbin,
rotary means for twisting the threads together
before they are delivered to the bobbin, and means
for driving the last named rotary twisting means
in synchronism with the rotary twisting means
of the spindles, the materia] traveling continu-
ously from the sources of supply of the yarn
through the gathering and forwarding means and
to the cord twisting means, and looper means
interposed between the gathering and forwarding
means and the cord twisting means to store an
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excess length of gathered threads yieldingly un-
der tension.

6. An apparatus for forming stranded cord
from a plurality of yarns in one continuous op-
eration, comprising a plurality of yarn twisting
spindies, each such spindle including a bobbin
support, a yarn containing bobbin thereon, and
rotary driven means to twist the yarn into a
thread while it is fed off the bobhin, means for
driving the rotary twisting means of each spindile
in such direction as to twist the yarns in the same
hand, means in the form of a driven sheave re-
ceiving the threads from the twisting spindles
for feeding their yarns off their bobbins and for
gathering and forwarding the threads, and means
receiving the gathered threads for twisting them
together in the hand opposite to the twist of the
individual threads to form a cord, the last named
means being a coiling device which includes a
bobbin support, a bobbin thereon, means to feed
the gathered threads to the bobbin and to wind
them thereon, rotary driven means to twist the
threads together as they are fed to the bobbin,
and means to drive the sheave and the last named
rotary twisting means at speeds in synchronism
with the speed of the rotary yarn twisting means
of the spindles, the material traveling continu-
ously from the sources of supply of the yarn to
the coiling device, and looper means interposed
between the sheave and the cord twisting means
to store an excess length of gathered threads
yieldingly under tension.

7. An apparatus for forming stranded ‘cord
from a plurality of yarns in one continuous op-
eration, comprising a plurality of yarn twisting
spindles each such spindle including a bobbin
support, a yarn containing bobbin thereon, and
rotary driven means to twist the yarn into a
thread while it is fed off the bobbin, means for
driving the rotary twisting means of each spindle
in such direction as to twist the yarns in the same
hand, means in the form of a driven sheave re-
ceiving the threads from the twisting spindles
and thereby feeding their yarns off their bobbins,
and for gathering and forwarding the threads,
Jooper means receiving the gathered threads to
store an excess length of gathered threads yield-
ingly under tension, and means for receiving the
gathered threads from the looper for twisting
them together in the hand opposite to the twist
of the individual threads to form a cord, the last
named means being a coiling device which in-
cludes a driven rotary bobbin support, a cord
collecting bobbin thereon, means to feed the
gathered threads to the cord collecting bobbin
and to wind them thereon, a rotary driving means,
a slip drive means interposed between the rotary
driving means and the collecting bobbin support,
rotary twisting means driven by the rotary driv-
ing means to twist the threads together as they
are fed from the looper means to the cord collect-
ing bobbin, and means connecting the sheave and
the rotary driving means to maintain their speeds
in synchronism with the speed of the rotary yarn
twisting means of the spindles, the material
traveling continuously from the sources of supply
of the yarn to the cord collecting bobbin.

8. The method of forming stranded cord from
& plurality of yarns in one continuous operation
comprising [the following steps in the order
named:J feeding each of a plurality of yarns in
the direction of its length from its separate source
of supply, imposing a predetermined back ten-
sion on each such yarn, during such feeding and
after the yarn has left the location of the im-
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Pposition of the back tension, forming a free-flying
balloon in each such yarn and separately twisting
the yarns in such balloons to form threads by
whirling each balloon around its yarn source in g
separate orbit, the axis of the balloon in each
yarn extending [in] of generally the same di-
rection as that of each [of the] other Lyarns]
yara, gathering such threads into generally paral-
lel relationship at a point beyond the balloon in
each, the location of gathering of the threads
being generally the same distance from the outer
end of each balloon, forwarding such threads in
such generally parallel relationship, forming a
Jree fiying loop under ylelding tension in such
forwarded threads, feeding the threads together
from the loop [, and] while whirling the loop
in an orbit isolated from the orbits of the yarn
balloons, thereby twisting the [thus fed] gathered
threads together in such free fiying loop to form
a cord, and coiling the cord within the orbit of
such loop, the first twisting, the gathering L[]
Lthe looping,] and the second twisting steps be-
ing performed with the material continuously in
motion, :

9. The method of forming stranded cord from
& plurality of yarns in one continuous operation
comprising [the following steps in the order
named:] feeding each of a plurality of yarns in
the direction of its length from its separate
Source of supply, imposing a predetermined back
tension on each such yarn, forming a balloon in
each such yarn and separately twisting the
yarns to form threads, the axis of the balloon
L[in] of each yarn extending in generally the -
same direction as that of each [of the] other
yarn [yarns}, gathering such threads into gen-
erally parallel relationship at a point beyond the
balloon in each, the location ot gathering of the
threads being substantially the same distance
from the outer end of each balloon, forwarding
such threads in such generally parallel relation-
ship, forming a loop under yielding tension in
such forwarded threads, feeding the threads to-~
gether from the loop, twisting the thus fed
gathered threads together to form & cord, dur-
ing the last named twisting step forming a bal-
loon in the cord, withdrawing the twisted cord
from the last named balloon, and yieldingly coil-
ing such cord, the first twisting, the gathering,
the looping, and the second twisting steps be-
ing performed with the material continuously
in motion.

10. An apparatus for forming stranded cord
from a plurality of yarns in one continuous oper-
ation comprising a plurality of similar yarn
twisting spindles, the spindles being of the type
which delivers the twisted thread therefrom in
& balloon, means Incorporated in each twisting
spindle for imposing g predetermined back ten-
slon on the yarn, the axes of the spindles being
generally parallel, each such spindle twisting a
yarn into a twisted thread as the yarn passes
therethrough, means for gathering and forward-
ing such threads in generally parallel relation-
ship, said last named means being located at
the delivery ends of the spindles and substan-
tlally equally spaced from each spindle, means
receiving the threads from the gathering and
forwarding means for twisting together the
gathered threads to form a cord, the material
traveling continuously from the sources of sup-
Ply of the yarn to the last named means, and
[looper] tension compensating means [inter-
posed] acting on the gathered threads passing
toward [between the gathering and forwarding
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means and] the last recited twisting means. L[to
store an excess length of gathered threads yield-
ingly under tension.] :

11. An apparatus for forming stranded cord
from a plurality of yarns in one continuous oper-
ation, comprising a plurality of similar twisting
- spindles, the spindles being of the type which
delivers the twisted thread therefrom in a bal-
loon, means incorporated in each twisting
spindle for imposing a predetermined back ten-
sion on the yarn, the axes of each such balloon
generally coinciding with the axis of its spindle,
the axes of the twisting spindies being gener-
ally parallel, means for gathering and forward-
ing the threads from the twisting spindles, such
1ast named being located beyond the outer end
of each of the balloons from the twisting spindles
and being spaced at substantially equal dis-
tances from the axes of the spindles, & cabling
spindle for twisting together the thus forwarded
threads to form @ cord, the cabling spindle in-
cluding a cord receiving bobbin, means for twist-
ing the threads together before they are deliver-
ed to the bobbin, and means for driving the last
named twisting means in synchronism with the
twisting spindles, the material traveling con-
tinuously from the sources of supply of the yarn
through the gathering and forwarding means
and to the cabling spindle and [looper] tension
compensating means [interposed] acting on the
gathered thredds passing toward [between the
gathering and forwarding means and] the ca-
bling spindle. [to store an excess length of gath-
ered threads yieldingly under tension.}

13. An apparatus for forming stranded cord I

from & plurality of yarns in one continuous
operation, comprising & plurality of similar twist-
ing spindles each incorporating its source of
yarn supply, the spindles being of the type which
dellvers the twisted thread therefrom in a bal-
loon, means incorporated in each {wisting spindle
for imposing & predetermined back tension on
the yarn, the axis of each such balloon gener-
ally coinciding with the axis of its spindle, the
axes of the twisting spindles being generally
parallel, means for gathering and forwarding the
threads from the twisting spindles, such last
named means being located beyond the outer
end of each of the balloons from the twisting
spindles and being spaced at substantially equal
distances from the axes of the spindles, a cabling
spindle of the type creating, and receiving
material from, a balloon for twisting together
the thus forwarded threads to form a cord, the
cabling spindle including .a driven rotary cord
receiving bobbin, rotary means for recelving and
twisting the threads together before they are
delivered to the bobbin, and means for driving
the last named rotary twisting means in syn-
chronism with the twisting spindles, the ma-
terial traveling continuously from the sources of
supply of the yarn through the gathering and
forwarding means and to the cabling spindle,
and [looper] tension compensating means L[in-
terposed} acting on the gathered threads passing
toward [between the gathering and forwarding
means and] the cabling spindle. [to store an ex-
cess length of gathered threads yieldingly under
tension.} .

13. An apparatus for forming stranded cord
from a plurality of yarns in one continuous
operation, comprising & plurality of similar
twisting spindles each incorporating its source
of yarn supply, the spindles being of the type

which delivers the twisted thread therefrom in 75 atlon,

a balloon, means incorporated in each twisting
spindle for imposing & predetermined back ten-
sion on the yarn, the axis of eech such balloon
generally coinciding with the axis of its spindle,
the axes of the twisting spindles being gener-
ally parallel, means for gathering and forward-
ing the threads from the twisting spindles, the
jast named means including a driven capstan
having a step smoothly dished in axial section,
thread from each twisting spindle being led
under tension from its balloon substantially di-
rectly to and around the capstan step, such
capstan being located beyond the outer end of
each of the balloons from the twisting spindles
and being spaced at substantially equal dis-

" tances from the axes of the spindles, a cabling
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spindle of the type creating, and receiving ma-
terial from, a balloon for twisting together the
thus forwarded threads to form a cord, the ca-
bling spindle including a driven rotary cord re-
celving bobbin, rotary means for receiving and
twisting the threads together before they are
delivered to the bobbin, and means for driving
the last named rotary twisting means in syn-
chronism with the twisting spindles, the ma-
terial traveling continuously from the sources
of supply of the yarn to the capstan and to the
cabling spindle, and [looper] tension compensat-
ing means [interposed] acting on the gathered
threads passing toward [between the capstan
and] the cabling spindle. [to store an excess
lengah of gathered threads yleldingly under ten-
sion. .

14. An apparatus for forming stranded cord
from a plurality of yarns in one continuous oper-
ation, comprising a plurality of similar double-
twist twisting spindles each incorporating its
source of yarn supply, the spindies being of the
type which delivers the twisted thread therefrom
in a balloon, means incorporated in each twist-
ing spindle for imposing a predetermined back
tension on the yarn, the axis of each such bal-
loon generally coinciding with the axis of its
spindle, the axes of the twisting spindles being
generally parallel, means for gathering and for-
warding the threads from the {wisting spindles,
the last named means including a driven capstan
having a step smoothly dished in axial section,
thread from each twisting spindle being led un-
der tension from its balloon substantially direct-
1y to and around the capstan step, such capstan
being located beyond the outer end of each of
the balloons from the twisting spindles and be-
ing spaced at substantially equal distances from
the axes of the spindles, a double-twist cabling
spindle of the type creating, and recelving ma-
terial from, a balloon for twisting together the
thus forwarded threads to form a cord, the ca-
bling spindle including a driven rotary cord re-
celving bobbin, rotary means for receiving and
twisting the threads together before they are
delivered to the bobbin, and means for driving
the last named rotary twisting means in syn-
chronism with the twisting spindles, the ma-
terial traveling continuously from the sources
of supply of the yarn to the capstan and to the
cabling spindle, and [looper] tension compen-
sating means [interposed} acting on the path-
ered threads passing toward [between the cap-
stan and] the cabling spindle. [to store an excess
ltiang?lh of gathered threads yleldingly under ten-
sion. :

15. An apparatus for forming stranded cord
from a plurality of yarns in one continuous oper-
comprising a plurality of similar yarn
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twisting spindles each inoorporating its source
of yarn supply, the nnndlel being of the tvpe
which delivers the twisted thread therefrom in
& halloon in free flight through the alr, means
incorporated in each twisting spindle for im-
posing a predetermined back tension on the yarn,
.the axis of each such balloon generally coinciding
with the axis of its spindle, the axes of the twist-
ing spindles being generally parallel, means for
gathering and forwarding the threads from the
twisting spindles, the last named means includ-
ing a driven capstan, thread from each twisting
spindle being led under tension from its balloon
substantially directly to and around the capstan,
such capstan being located beyond the outer end
of each of the balloons from the twisting spindles,
a cabling device of the type creating, and recelv-
ing material from, s balloon in free flight
through the air for twisting together the thus
forwarded threads to form a cord, sald cabling
device comprising & rotary driven spindle having
a free end spaced from the capstan, a bobbin
support mounted on the spindle of the cabling
device, a driving connection between the spindle
of the cabling device and the bobbin support,
‘the capstan substantially positively forwarding
the threads from the outer ends of thelir bal-
loons, means for driving said capstan in syn-
chronism with the spindle of the cabling device,
and means to drive the yarn twisting spindles
and the cabling spindle in s

18. An apparatus for forming stmnded cord
from a plurality of yarns in one continuous oper-
ation, comprising a plurality of similar yarn

twisting spindles, each incorporating its source :

of yarn supply, the spindles being of the type
which delivers the twisted thread therefrom in
a balloon in free flight through the air, means
incorporated in each twisting spindle for imposing
a predetermined back tension on.the yarn, the
axis of each such balloon generally coinelding
with the axis of its spindle, the axes of the
twisting spindles being generally parallel, means
for gathering and forwsrding the threads from
the twisting spindles, the last named means in-
cluding a driven capstan, thread from each
twisting spindle being led under tension from
its balloon substantially directly to and around
the capstan, such capstan being located beyond
the outer end of each of the balloons from the
twisting spindles and being spaced at substan-
tially equal distances from the axes of the yarn
twisting spindles, a cabling device of the type
creating, and recelving material from, a balloon
in free flight through the air for twiating to-
gether the thus forwarded threads to form a
cord, sald cabling device comprising a rotary
driven spindle having & free end spaced from
the capstan, the capstan lying at least generally
on the projected axis of the spindle of the ca-
bling device, & bobbin support mounted on the
cabling device, a driving connection between the
spindle of the cahling device and the bobbin
support, the capstan substantially positively for-
warding the threads from the outer ends of their
balloons, means for driving said capstan in syn-
chronism with the spindle of the cabling device,
and means to drive the yarn twisting apindles
and the cabling spindle in synchronism.

17. An apparatus for forming stranded cord
from a plurality of yarns in one continuous oper-
ation, comprising a plurality of similar yarn
twisting spindles each Incorporating its source
of yarn supply, the spindles being of the type
which dellvers the twisted thread therefrom in
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a balloon in free flight through the alr, adjust-
able means incorporated in each twisting spindle
for imposing a selected predetermined back ten-
sion on the yarn, the axis of each such balloon
generally coinciding with the axis of its spindile,
the axes of the twisting spindles being generally
parallel, means for gathering and forwarding the
threads from the twisting spindles, the last
named means including a driven capstan, thread
from each twisting spindle being led under ten-
slon from its balloon substantially directly to
and around the capstan, such capstan being lo-
cated beyond the outer end of each of the bal-
loons from the twisting spindles and being
spaced at substantially equal distances from

the axes of the yarn twisting spindles, a cabling

device of the type creating, and receiving ma-
terial from, a balloon in free flight through the
air for twisting together the thus forwearded
threads to form a cord, sald cabling device com-
prising a rotary driven spindle having a free end
spaced from the capstan, the capstan lying at
least generally on the projected axis of the
spindle of the cabling device, & bobbin support:
mounted on the spindle of the cabling device, a
slip driving connection between the spindle of
the cabling device and the bobbin support, the
capstan substantially positively forwarding the
threads from the outer ends of thelr balloons,
means drivingly connecting said capstan with
the spindle of the cabling device, a change speed
mechanism incorporated in said last named
means, whereby the capstan is driven in syn-
chronism with, and at a selected speed ratio with-
respect to, the spindle of the cabling device, and
means to drive the yarn twisting spindles and
the cabling spindle in synchronism.

18. The method of forming stranded cord from
h plurality of yarns in one continuous operation
comprising [the following steps in the order
named:] feeding each of a plurality of yarns in
the direction of its length from its separate source
of supply, imposing a predetermined back tension
on each yarn, during such feeding and after each
yarn has left the location of imposition of the
back tension thereon forming a balloon travel-
ling in free flight through the air in each such
yarn and separately twisting each of the yarns
at the same rate to form a thread, the axes of
the above named balloons extending generally
parsallel to each other, at a point beyond each of
the above named balloons gathering the result-
ing threads into generally parallel relationship
and controlling the speed of their withdrawal
from their respective bhalloons by substantialy
positively pulling the threads at a rate synchro-
nized with the rate of the twisting of the yarns,
forwarding such threads in such generally par-
allel relationship, twisting the thus fed gathered
threads together to form a cord, during the last
named twisting step forming a balloon in free
flight through the air in the cord, the twisting
of the threads together to form a cord being
carried out at a rate synchronized with the rate
of twisting of the yarns to form threads, and
withdrawing the cord from its balloon and coiling

-1t, the twisting of the yarns, the gathering of the

resulting threads, and the twisting of the threads
together to form a cord being performed with
the material continuously in motion.

19. The method of forming stranded cord from
a plurality of yarns in one continuous operation
comprising [the following steps in the order
named:] feeding each of a plurality of yarns in
the direction of its length from its separate source



of supply, imposing a predetermined back tension
on each such yarn, during such feeding and after
each yarn has left the location of imposition of
the back tension therecn forming e balloon
travelling in free flight through the air in each
such yarn and separately twisting each of the
yarns at the same rate to form a thread, the axis
of the above named balloons extending generally
parallel to each other, at a point beyond each of
the above named balloons gathering the resulting
threads into generally parallel relationship and
controlling the speed of their withdrawal from
their respective balloons by substantiaily post-
tively pulling the threads at a rate synchronized
with the rate of the twisting of the yarns, the lo-
cation of the gathering and pulling of the threads
bheing substantially the same distance from the
outer end of each of the above named balloons,
forwarding such threads in such generally paral-
lel relationship, twisting the thus fed gathered
threads together to form a cord, during the last
named twisting step forming a balloon In free
flight through the air in the cord, the twisting of
the threads together to form a cord belng carried
out at a rate synchronizsed with the rate of twist-
ing of the yarns to form threads, and withdraw-
ing the cord from its balloon and yleldingly coil-
ing it, the twisting of the yarns, the gathering of
the resulting threads, and the twisting of the
threads together to form a cord being performed
with the material continuously in motion.

20. The method of producing twisted elongated
filamentary material which comprises continu-
ously two-for-one twisting elongated fllamentary
material extending from a supply thereof on and
along a fixed axis and thence into a free loop by
spinning such loop about such axis and around
the supply source as a first fiying balloon, one of

said twists taking place in the first fiying dballoon,

extending twisted material from said loop into
another free loop and thence on and along a fired
azis separate from the supply azxis into a take-
up portion, continuously two-for-one twisting the
extended twisted material by spinning the loop
thereof about the latler azis and around said
take-up portion as a second flying balloon having
an orbit isolated from that of the supply balloon
and which exerts a centrifupal pull on such twist-
ed material opposite to the centrifugal pull there-
on of the supply balloon, one of the twists in the
second two-for-one twisting operation taking
place in the second flying balloon, and continu-
ously drawing in the take-up portion within the
orbit of the second dalloon to maintain continu-
ous longitudinal iravel of the material from the
supply source through the balloons while multiple
twisting the material.

21. The method of producing twisted elongated
flamentary material which comprises continy-
ously two-for-one twisting elongated fillamentary
material extending from a supply thereof on
and along a fized axis and thence into a free loop
by spinning such loop about such aris and around
the supply source as a first fiying balloon and
applying to the supply a back tension counter-
acting the centrifugal pull of said balloom, one
of said twists taking place in the first fiying bal-
loon, extending twisied material from said loop
into another free loop and thence on and along

a fixed azis separate from the supply aris into a

take-up portion, continuously two-jor-one twist-
ing the extended twisted material by spinning the
loop thereof about the latter axis and around said
lake-up portion as a second fiying balloon hav-
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ing an orbit isolated from that of the supply bal-
loon and which exerts a centrifugal pull on such
twisted maicrial opposite to the centrifugal pull
thereon of the supply balloon, one of the twisis in
the second two-for-one twisting operation taking
place in the second fiying balloon, and continu-
ously drawing in the take-up portion within the
orbit of the second balloon to maintain continu-
ous longitudinal travel of the material from the
supply source through the balloons while multiple
twisting the material.

22. The method of producing twisted elongated
Rlamentary material which comprises continu-
ously two-for-one twisting elongated filamentary
material extending jrom a supply thereof on and
along a fxed aris and thence into a free loop by
spinning such loop about such axis and around
the supply source as a first fiying balloon, one
of said twists taking place in the first flying bal-
loon, extending twisted material from said loop
into another free loop and thence on and along a
fAzred axis separate from the supply axis inio a
take-up portion, continuously two-for-one twist-
ing the extended twisted material by spinning the
loop thereof about the latter axis and around said
take-up portion as a fying second balloon having
an orbdit isolated from that of the supply balloon
and which exerts aq centrifugal pull on such
twisted material opposite to the centrijugal pull
thereon of the first supply balloon, continuously
drawing in the take-up portion within the orbit

.of the second balloon to maintain continuous

longitudinal travel of the material from the sup-
ply source through the balloons while multiple
twisting the material, one of the twists in the
second lwo-for-one twisting operation taking
place in the second flying balloon, and applying
a yielding tension to the material extending be-
tween said loops to compensate for a difference in
the pulls of the opposing balloons.

23. The method of producing twisted elongated
Rlameniary material which comprises continu-
ously two-for-one twisting separate strands of

- such material respectively extending from sepa-
rate supplies thereof on and along separate fized

azxes and thence into free loops by spinning such
loops about their respective supplies and supply
axes as separate first flying supply balloons, ex-
tending twisted strands from said loops in
gathered relation into another free loop and
thence on and along g fived axis separate from
the supply axis into a take-up portion, continu-
ously two-for-one twisting the gathered strands
by spinning the loop thereof about the latter aris
and around said take-up portion as a second fly-
ing balloon having an orbit isolated from those
of the supply balloons and which exerts centrif-
ugally a pull on the gathered strands opposing
the centrifugal pulls thereon of the supply bel-
loons, one of the twists in the second two-for-one
twisting operation taking place in the second fly-
ing balloon, and continuously drawing in the
take-up portion within the orbit of the second
balloon to maintain continuous longitudingl

~ travel of the material from the supply sources

through the first and second balloons while
multiple twisting the material.

24. The method of producing twisted elongated’
Rlamentary material which comprises continu-
ously two-for-one twisting separate strands of
such material respectively extending from sepa-
rate supplies thereof on and along separate fived
axes and thence into free loops by spinning such
loops about their respective supplies and supply
azes a8 separate, first, fiying supply dalloons and
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applying to each strand a back tension counter-

acting the centrifugal pull of the balloon formed’

therefrom, exiending twisted strands from said
loops in gathered relation into another free loop
and thence on and along e fized axis separate
Jrom the supply axis into a take-up portion, con-
tinuously two-for-one twisting the gathered
strands by spinning the loop thereof about the
latter arxis and around said take-up portion as a
second fiying balloon having an orbit isolated
Jrom those of the supply balloons and which
exerts centrifugally a pull on the gathered
strands opposing the centrifugal pully thereon

of the supply balloons, one of the twists in the,

second two-for-one twisting operation taking

place in the second fiying balloon, and continu-’

ously drawing in the take-up portion within the
orbit of the second balloon to maintain continu-
ous longitudinal travel of the material from the
supply sources through the first and second bal-
loons while multiple twisting the material.

25. The method of producing twisted elongated
Mamentary material which comprises continu-
ously two-for-one twisting separate sirands of
such material respectively extending from sepa-
rate supplies thereof on and along separate flred
axes and thence into free loops by spinning such
loops about their respective supplies and supply
axes as separate, first, flying supply balloons, ex-
tending twisted strands from said loops in
gathered relation into another free loop and
thence on and along a flred aris separate Jrom
the supply azxis into a take-up portion, continy-
ously two-for-one twisting the gathered strands
by spinning the loop thereof about the latter
axis and around said take-up portion as a second
Aying balloon having an orbit isolated from those
of, the supply balloons and which exerts centrif-
wrally ¢ pull on the gathered strands opposing
the centrifugal pulls thereon of the supply bal-
loons, one of the twists in the second two-for-one
twisting operation taking place in the second Ay-
ing balloon, continvously drawing in the take-
up portion within the orbit of the second balloon
to maintain continuous longitudinal travel of the
material from the supply sources through the
first and second balloons while multiple twist-
ing the material, and applying a yielding tension
to the gathered strands between the supply loops
and the last mentioned loop to compensate for a
difference in the pulls of the opposing balloons.

26. The method of forming stranded cord from
a plurality of elongated flexible flamentary
materials s14:h as yarns in one continuous oper-
ation comprising feeding each of a plurality of
such materials in the direction of its length,
imposing a predetermined back tension on each
such material, in the first portion of the travel of
each such material, beyond the location of im-
position of the back tension thereon and in said
Arst portion of travel two-for-one twisting the
material by the following steps: in a first pass of
such material in said first portion imparting a
first twist to the material, in g serond, reverse,
pass of such material in said frst portion of
travel forming a balloon travelling in free flight
through the air thereby to impart the second
twist to the material, pathering the resulting
threads issuing from the outer termini of said
balloons into generally parallel relationship,
feeding the thus gathered threads into a second
portion of travel, in such second portion of travel
two-for-one twisting the threads about each
other by the following steps: in a first pass of
such gathered threads forming a balloon trav-
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elling in free fight through the qir thereby to
impart a first twist to such gathered threads, in
@ second, reverse, pass of such gathered threads
in said second portion of travel itmparting a sec-
ond twist to the gathered threads, pulling the
resulting cord from said second portion of the
travel of the material, and coiling the cord, the
twisting of the materials in said first portion of
travel and the twisting of the gathered threads
and resulting cord in the second portion of travel
being. perjormed with the materials continuously
in motion, and applying a compensating tension
to the gathered threads between the balloons in
the first and second portions of the travel of the
materials to maintain such balloons under con-
trol,

27. Apparatus for twisting elongated flerible
Rlamentary material such as yarn in one continy-
ous operation comprising a two-for-one mate-
rial supply coniaining twisting spindle of the
type which forms fllamentary material extending
therefrom into a free-flying balloon 0f substan-
tially constant height, one of the twists taking
place in such balloon, means associated with said
spindle for imposing a predetermined back ten-
sion on such material between the material sup-
ply and the bulloon a separate two-for-one twist-
ing device of the type forming and receiving
Rlamentary material from a Jree-flying balloon,
of substantially constant height, one of the twists
at said device being effected in said last named
balloon, said device including means for drawing
in twisted material from the latter balloon with-
in the orbit thereof means for leading the twisted
material from the first mentioned balloon con-
tinuously into the last mentioned balloon to
form the latter, and means for driving said twist-
ing spindle and sald twisting device in synchro-
nism. .

28. Apparatus for twisting elongated flexible
Alamentary material such as yarn in one con-
tinuous operation comprising a two-for-one
twisting spindle of the type which forms fillamen-
tary material extending therefrom into a free-
Rying balloon, one of the twists taking place in
such balloon, means associated with said spindle
for imposing a predetermined back tension on
such material, a two-for-one twisting devi-e of
the tupe forming and recefving fllamentary mate-
rial from a free-flying balloon, one of the twists
at said device being eflected in said last named
balloon, satd device including means for draw-
ing in twisted material from the latter balloon,
means for leading the twisted material from the
first mentioned balloon continuously into the last
mentioned balloon Yo form the latter, tension
compensating means acting upon the material
between said balloons, and means for driving
said twisting spindle and said twisting device in
synchronism.

29. Apparatus for twisting elongated fiexible
AMlamentary material such as yarn in one con-
tinuous operation comprising a plurality of two-
Jor-one material supply containing twisting
spindles each of the type which forms Alamen-
tary material extending therefrom into a free-
flying balloon of substuntially constant helght,
one of the lwists taking place in such balloon,
means associated with each spindle for imposing
a predetermined back tension on such material
between the material supply and the balloon, a
separate two-for-one twisting device of the type
forming and receiving Rlamentary material from
a free-fiying balloon of substantially constant
height, one of the twists at said device being
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effected in said last named balloon, sald device
including means for drawing in twisted material
from the latier balloon within the orbit thereof,
means for gathering together the twisied mate-
rials from the balloons formed by said spindles
and leading such materials in gathered relation
into the last mentioned balloon to form the latter,
and means for driving said twisting spindles and
said twisting device in synchronism.

30. Apparatus for twisting elongated flexible
flamentary material such as parn in one con-
tinuous operation comprising a plurality of two-
Jor-one twisting spindles each of the type which
forms filamentary material extending therefrom
into a free-flying balloon, one of the twists taking
place in such balloon, means associated with each
spindle for imposing a predetermined back ten-
sion on such material, a two-for-one lwisting
device of the type forming and receiving filamen-
tary material from a free-fiying balloon, one of
the twists at said device being effected in said
last named balloon, said device including means

~ for drawing in twisted material from the latter

balloon, means for gathering together the twisted
materials from the balloons formed by said
spindles and leading such material in gathered
relation continuously into the last mentioned
balloon to form the latter, the last mentioned
means acting to compensate the opposing ten-
sions of said balloons, and means for driving
satd twisting spindles and said twisting device
in synchronism. .

31. An apparatus for forming siranded cord
from a plurality of elongated flexible filamentary

materials such as yarns in one conlinuous opera- S

tion comprising a plurality of similar material
twisting spindles, each such spindle being of the
type which two-for-one twists the material pass-
ing therethrough and which effects the first twist
in the material in a first pass in the spindle and
which delivers the twisted thread therefrom in
a balloon in free flight through the air, such bal-
loon constituting a second, reverse, pass of the
material at the twisting spindle, means in each
such twisting spindle for imposing a predeter-
mined back tension on the material therein at the
entering end of the first pass of the malerial in
the twisting spindle, means beyond the outer end
of the balloon of each such twisting spindle for
receiving and guiding the threads issuing jrom
said balloons, a two-for-one cabling and twisting
device of the type creating and receiving material
Jroma balloon in free flight through the air, such
balloon constituting the first pass at the cabling
and twisting device and effecting the first twist
of the cord thereat, the second twist of the cord
at such cabling and twisting device being effected
in a second, reverse, pass of the cord through said
cabling and twisting device, cord coiling means
mounted on the cabling device and driven there-
jrom, the cord coiling means receiving cord from
the exit end of said second pass in the cadbling
and twisting device, the threads being led from
the receiving and guiding means into the balloon
of the cabling and twisting device, the thread re-
ceiving and guiding means gathering the threads
Jrom the several twisting spindles into generally
parallel relationship and applying tension to the
thus gathered threads thereby to control the bal-
loons of the twisting spindles and the balloon
of the cabling and twisting device, and means to
drive the twisting spindles and the cabling and
twisting device in synchronism. .
32. The method of producing twisted elongated
flameéntary material which comprises continu-
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ously two-for-one twisting separate strands of
such material respectively extending from sep-
arate supplies thereof into free loops while spin-
ning such loops about their respective supply
sources as separate flying supply balloons, ex-
tending twisted strands from said loops in gath-
ered relation into another free loop and thence
into a take-up portion, continuously two-jor-one
twisting the gathered sirands while spinning the
loop thereof about said take-up portion as a fly-
ing balloon which exerts centrifugally a pull on
the gathered strands opposing the centrifugal
pulls thereon of the supply balloons, said last
named balloon under yielding tension, applying
to the gathered strands tension maintaining the
opposing balloon pulls in substantially counter-
balanced relation, and continuously drawing in
the take-up portion to maintain continuous lon-
gitudinal travel of the material from the supply
sources through the balloons while multiple twist-
ing the material.

33. The method of producing twisted elongated
Alamentary material which comprises continu-
ously feeding such material in the direction of its
length, imposing a predetermined back tension on
such material, in the first portion of travel of
such material, beyond the location of imposition
of the back tension thereon and in said first por-
tion of travel two-for-one twisting the material
by the following sieps: in a first pass of such
material in said first portion imparting a first
twist to the material, in a second, reverse, pass
of such material in said first portion of travel
forming a balloon traveling in jree fiight through
the air thereby to impart the second twist to the
material, feeding the thus twisted material into
a second portion of travel, in such second portion
of travel two-jor-one twisting such material by
the following steps: in e first pass of such ma-
terial forming a balloon traveling in free flight
through the air thereby to impart a first twist in
sugh second portion of travel, in a second, reverse,
pass of such material in said second portion of
travel imparting a second twist to the material,
pulling the resulting twisted material from said
second portion of the travel of the material, and
coiling the resulting twisted material, the twist-
ing of the material in said first portion of travel
and the twisting of the material in the second
portion of travel being performed with the ma-
terial continuously in motion, and applying a
compensating tension to the material between the
balloons in the first and second portions of the
travel of the material to maintain such balloons
under control.

34. Apparatus for twisting elongated flexible
Alamentary material such as yarn in one continu-
ous operation comprising a plurality of two-for-
one twisting spindles each of the type which
Jorms filamentary material extending therefrom
into a free-flying fArst balloon, means associated
with each spindle for imposing a predetermined
back tension on such material, a two-for-one
twisting device of the type forming and receiv-
ing flamentary material from a second free-fly-
ing balloon, said device including means for draw-
tng in twisted material from the latter balloon,
means for gathering together the twisted ma-
terials from the first balloons, for leading such
materials in gathered relation into the second
balloon to form the latter and for maintaining
said second balloon under yielding tension, in-
cluding means acting to counteract a difference
between the tension of materials entering the
second balloon. and the sum of the tensions of
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materials leaving the first balloons, and means
for driving said twisting spindles and said twist-
ing device in synchronism.

35. An apparatus for forming stranded cord
from a plurality of elongated flexible filamentary
materials such as yarns in one continuous opera-
tion comprising a plurality of similar material
twisting spindles, each such spindle being of the
type which two-for-one twists the material pass-
ing therethrough and which éffects the first twist
in the material in a first pass in the spindle and
which delivers the twisted thread therefrom in
a balloon in free flight through the air, such
balloon constituting a second, reverse, pass of
the material at the twisting spindle, means in
each such twisting spindle for imposing a pre-
determined back tension on the material therein
at the entering end of the first pass of the ma-
terial in the twisting spindle, a two-for-one
cabling and twisting device of the type creating
and receiving material from a balloon in free
flight through the air, such last named balloon
corstituting the first pass at the cabling and
twisting device and effecting the first twist of the
cord thereat, the second twist of the cord in such
cabling and twisting device being eflected in a
second, reverse, pass of the cord through said

10

cabling and twisting device, cord coilinly means .

mounted or. the cabling device and driven there-
from, the cord coiling means receiving cord from
the exit end of seid second pass in the cabling
and twisting device, the threads being led from
the balloons of the twisting spindles into the bal-
loon of the cabling and twisting device, means
beyond the outer end of the balloon of each such
twisting spindle for receiving and guiding the
threads issuing from said balloon, for gathering
the threads from the several twisting spindles

into generally parallel relationship, and for ap-.

plying compensating tension to the threads issu-
ing from the balloons of each such twisting
spindles, thereby to control the balloons of the
twisting spindles and the balloon of the cabling
and twisting device, and means to drive the
twisting spindles and the cabling and twisting
device in synchronism. .

36. An apparatus for twisting elongated flex-
ible filamentary material such as yarn in one con-
tinuous operation comprising a material supply
twisting spindle, such spindle being of the type
which two-for-one twists the material passing
therethrough and which effects the first twist of
the material in a first pass in the spindle and
delivers the twisted material therefrom in a bal-
loon in free flight through the air, such balloon
constituting a second, reverse, pass of the ma-
terial at the twisting spindle, means in such twist-
ing spindle for imposing a predetermined back
tension on the material therein at the entering
end of the first pass of the material in the twist-
ing spindle, a two-for-one cabling and twisting
device of the type creating and receiving elon-
gated flerible material from a balloon in free
Rlight through the air, such last named balloon
constituting the first pass at the cabling and
twisting device and effecting a first twist of the
material thereat, a second twist of such material
being effected in a second, reverse, pass of the
material through said cabling and twisting de-
vice, malterial coiling means mounted on said de-
vice and driven therefrom, the material coiling
means receiving material from the exit end of
said second pass in the cabling and twisting de-
vice, means between the outer ends of the respec-
tive balloons of the twisting spindle and the
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cadbling and twisting device, for leading twisted
material from the balloon of the former into the
balloon of the latter and for applying compensat-
ing tension to the material between these balloons
to control the balloons, and means to drive the
twisting spindle and the cabling and twisting de-
vice in synchronism.

37. An apparatus for forming stranded cord
Jrom a plurality of yarns in one continuous oper-
ation comprising a plurality of similar yarn twist-
ing spindles, the spindles being of the type which
delivers the twisted thread therefrom in a free
Aying balloon, means incorporated in each twist-
ing -spindle for imposing a predetermined back
tengion on the yarn, each such spindle twisting
a yarn into a twisted thread as the yarn passes
therethrough, means for gathering and forward-
ing the twisted threads in generally parallel rela-
tionship, means for receiving the threads from
the gathering and forwarding means and twist-
ing them together in a free flying balloon to form
a cord, the material travelling continuously from
the sources of supply of the yarn to the last
named twisting means, and tension compensating
means acting on the gathered threads passing be-
tween the point of gathering and the balloon of
the last named twisting means.

38. Apparatus for twisting elongated filamen-
tary flexible material such as yarn in one continu-
ous operation comprising a plurality of two-for-
one twisting spindles each of the type which
forms fllamentary material extending therefrom
into a free-flying first balloon, means associated
with each spindle for imposing a predetermined
back tension on such material, a two-for-one
twisting device of the type forming and receiving
Rlamentary material from a second free-flying
balloon, said device including means for drawing
in twisted material from the latter balloon, means
for gathering together the twisted materials from
the first balloons and leading such materials in
gathered relation into the second balloon to form
the latter, said last named means including a
rotatabdle gathering pulley and means for control-
ling its rotation so as to apply to such materials
a tengion compensating a difference between the
tension of materials entering the second balloon
and the sum of the tensions of materials leaving
the first balloons, and means for driving said
twisting spindle, said twisting device, and said

" pathering pulley in synchronism.
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39. Apparatus for twisting elongated flexible
filamentary material such as yarn in one continu-
ous operation comprising a two-for-one twisting
spindle having relatively stationary means for
holding a supply of the material, a flyer to receive
material from the supply and an eye coazxial with
the flyer at a substentially constant . spacing
therefrom to receive aq free portion of the material
extending from the fiyer to the eye, the spinning
of the spindle forming such free portion into a
free-flying balloon and producing a turist therein
per spindle revolution, means associated with said
spindle for imposing a predetermined back ten-
sion on each material between the material supply
and the balloon, a separate two-for-one twisting
device having a fiyer and an eye coarial with
this flyer at a substantially constant spacing
therefrom, means for leading twisted material
from the first mentioned eye to the last men-
tioned eye, the material then extending from the
latter in a free stretch to the flyer of said device
and thence into a take-up portion, the spinning
of said device forming said free streich into a
Jree-lying balloon having an orbit isolated from
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that of the first mentioned balloon and producing
a twist therein per revolution of said device, said
device including means jor drawing in said take-
up portion within said orbit, and means for driv-
ing said spindle and said device in synchronism.

40. Apparatus for twisting elongated fexible
Alamentary material such as yarn in one continu-
ous operation comprising a pluralily of two-for-
one twisting spindles each having relatively sta-
tionary means for holding a supply of the ma-
terial, @ flyer to receive material from the supply
and an eye coaxial with the flyer at a substan-
tially constant spacing therefrom to receive @
free portion of the material extending from the
flyer to the eye, the spinning of each such spindle
jorming the corresponding free portion into a
Jree-fiying balloon and producing a twist therein
per spindle revolution, means associated with
each such spindle for imposing a predetermined
back tension on such material between the ma-
terial supply and the balloon, a separate two-for-
one twisting device having a flyer and an eye
coazial with this fAiyer at a substantially constant
spacing therefrom, means for gathering together
the twisted materials from the first mentioned
eyes and leading such materials in gathered rela-
tion to the last mentioned eye, the material then
ertending from the latter in a free stretch to the
fiyer of said device and thence into a take-up
portion, the spinning of said device forming said
free stretch into a free flying balloon having an
orbit isolated from the orbits of the first men-
tioned balloons and producing a twist therein per
revolution of said device, said device including
means for drawing in said take-up portion within
said orbit, and means for driving said spindles
and said device in synchronism.

41. An apparatus for forming siranded cord
from a plurality of elongated flerible filamentary
naterials such as yarns in one continuous opera-
tion comprising a plurality of similar material
twisting spindles, each such spindle being of the
type which two-for-one twists the material pass-
ing therethrough and which effects the first twist
in the material in a first pass in the spindle and
which delivers the twisted thread therefrom in a
balloon in free flight through the air, such bal-
loons constituting @ second, reverse, pass of the
material at the twisting spindle, means in each

such twisting spindle for imposing a predeter- ,

mined back tension on the material therein at the
entering end of the first pass of the material in
the twisting spindle, means beyond the outer end
of the balloon of each such twisting spihdle for
receiving and guiding the threads issuing jrom
said balloons, a two-for-one cabling and twisting
device of the type creating and receiving material
from a balloon in free flight through the air, such
balloon constituting the first pass at the cabling
and twisting device and effecting the first twist
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of the cord thereat, the second twist of the cord
at such cabling and twisting device being effected
in a second, reverse, pass of the cord through said
cabling and twisting device, cord coiling means
mounted on the cadbling device and driven there-
from within the orbit of its balloon, the cord
coiling means receiving cord from the exit end of
said second pass in the cabling and twisting de-
vice, the threads being led from the receiving and
guiding meang into the balloon of the cabling and
twisting device, the thread receiving and guiding
means gathering the threads from the several
twisting spindles into generally parallel relation-
ship, and means to drive the twisting spindles and
the cabdling and twisting device in synchronism.
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