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This invention relates to an improved twisting spindle
and to the method of controlling the balloon of such
spindle. Such spindle, in certain embodiments, may be
employed as a singles twisting means of the supply type,
which delivers the twisted material through a ballcon
at the spindie. In cther embodiments the spindle may
be employed as a down'wister, which receives the elon-
gated fiexible material in a balloon created and main-
tained by the spindle. The invention also relates to a
system for continucusly twisting and drawing in elon-
pated flexible material, such material proceeding frem a
source of supply into the spindle .of the invention em-
ployed as a downtwister. In a preferred embodiment of
the system of the invention, theére is employed apparatus
forming cord from a plurality of yarn supplies, pref-
erably twisting spindles, while the material is continu-
ously in motion, such system incorporating the improved
spindie of the invention for doubling and twisting the
separate strands fed thereto.

This application is a continuation-in-part of applica-
tion Serial No. 238,215, filed July 24, 1951, now Patent
No. 2,729,932, and of applicaticn Serial No. 274,401,
filed March 1, 1952, now Patent No. 2,728,185, both
bearing the same title.

In the twisting system wherein twisted strands are fed
from a plurality of separate singles twisting spindles,
are combined or doubled, and then fed into a further
twisting means of the downtwister type, with which the
present invention is illustrated, there has been employed
a selectively braked gathering pulley from which the
combined strands were fed directly to the doubles bal-
loon. The tension in the material leading to the doubling
and twisting means in such sysiem is made up of the
sum of the tensions of the ballcons in the singles spindles
plus the tension applied by the brake at the gathering
pulley. In order to maintain the system in balance as
to tensions, it has been proposed to control the brake
at the gathering pulley by a tension-sensitive means en-
gaging the combined but as-yet-untwisted-upon-each-other
strands as they issue from the gathering pulley. Such
apparatus has nof been altogether satisfactery because
of the fact that the tension-sensitive.means has been
rather insensitive to slight changes in tension in the ma-
terial and also because of the instability of such control.
The tension-sensitive means most commenly employed
has been cne which diverts the material from its straight
run into a salient loop by means of a spring-biased pulley.
It will be seen that such spring must, because it is acted
upon by two run- of moterial over the pulley, sustain
at all times twice the weight or pull of the tension of the
material in the doubles balloon. Consequently the small
changes in the tensicn of the doubles balloon, which
result in undue changes in the diameter of the ballcon,
represent but a small percentage of the total force which
the spring is called upon to exert at all times. Thus
the amount of travel which the pulley undergoes as a
result cf ten-icn changes in the ballcon are small and the
measuring means and control incorporating such tension-
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sensitive means are inherently insensitive. Furthermore,
the tension-sensitive means operates only when a tension
change has taken place in the system, and thus inherently
cannot maintain the balloon under constant tension.

It has also been proposed, in such multiple-spindle
twisting system, to drive the gathering pulley in syn-
chronism with the flyer of the gathering or doubles
spindle and positively to drive the drawing-in capstan
at the doubles spindle. The insvitable creep of the ma-
terial on the gathering pulley and the capstan over the
long period of operation necessary to fill a bobbin, dur-
ing which time many miles of the material passes such
means, makes it impossible to drive the gathering pulley
and the capstan at fixed speeds relative to each other
while maintaining between them a balloon of the desired
diameter. Thus it has been propcsed to control the
speed cf the material at the auxiliary capstan by causing
such capstan to feed the material at selectively variable
speeds in response to tension-sensitive means engaging
the material and positioned near the capstan. Such
device, like that discussed above, is insensitive, and thus
fails to respond to small tension changes and to control
the speed of material at the capstan accurately enough
to insure the maintenance of the doubles ballcon at the
desired size. Furthermore, the device also inherently
introduces tension changes into the system.

The present invention overcomes the problem of bal-
loon size maintenance in both systems (¢) in which the
gathering pulley is braked as well as (b) that in which
the gathering pulley is positively driven, by maintaining
at all times a variable supply cf material in tension-
transmitting communication wi‘h the ballcon being con-
trolled, and by applying a predetermined substantially
fixed tension on the portion of the material in the variable
supply so that the balloon is subjected at all times to"
said predetermined substantially fixed tension. Varia-
tions in the length of material stored in said supply,
shown specifically as a variable loop subjected to a freely
hanging weight, are employed in the first disclosed em-
bodiment selectively to vary the severity of application
of the brake at the gathering pulley, and thus the speed
of the gathering pulley relative to the drawing-in capstan,
and in the second disclosed embodiment selectively to
vary the material-forwarding speed of the ‘drawing-in
capstan relative to the driven gathering pulley. As a
result of such variation in the relative speeds of feeding
of the material toward and away from the ballocon, ma-
terial is ordinarily alternately first withdrawn from the
balloon at a rate faster than it is fed into the variable
supply, thus to decrease the variable supply and then
the material is withdrawn from the balloon at a rate
slower than it is fed into the variable supply, thus to
increase the variable supply. In any event, whether or
not such regular changes in the speeds of feeding of the
material into and out of the balloon take place, the
ballcon is continually maintained under the said pre-
determined tension at all times with the apparatus of
the invention.

The invention will be more readily understood by ref-
erence to the accompanying drawings forming a part of
the specification.

In the drawings:

Fig. 1 is a diagrammatic view in side elevation of a
twisting and doubling apparatus for forming cord from
yarns, such apparatus employing a first preferred em-
bodiment of the balloon contro! apparatus described as a
means for controlling the diameter of the center, doubles
balloon;

Fig. 2 is a detailed view in side elevation of the brake
operating upon the tension applying means at the in-
feeding end of the doubles balloon and of the motor
selectively to adjustably apply said brake; ’
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Fig. 3 is a fragmentary view in side elevation of the
means for forming the loop in the material approaching
the balloon and of the switch operated thereby;

Fig. 4 is a wiring diagram showing means whereby
the motor in Fig. 2 is controlled by the variable loop
forming apparatus of Fig. 3;

Fig. 5 is a diagrammatic view in side elevation of a
second preferred embodiment of the three-spindle yarn
twisting and doubline apraratus conmstructed generally

aleng the lines of that shown in Fig. 1, the apparatus of 1

Fig. 5. however. employing a positively driven gathering
pulley and a driven drawine-in capstan which is selec-
tively variable in speed in response to the length of the
variable Toop;

Fig. 6 i{s an enlarged view, partially in side elevation
and rartially in vertical axial section through the bot-
tom of the central, cabling and twisting, spindle in the
combhination shown in Fie. §;

Fig. 7 is a semewhat diagrammatic view in plan of
the cearing driving the cord advancing roller 154, the
worm. worm gear. and rrller 154 he‘ng shown in plan
in their connected driving relati~nshio. Tn such view,
for clarity of illustratien of such driving relati~nshio. the
worm. werm gear. and roller are shown spread out lat-
erallv an1 projected on a horizental plane:

Fig. 8 is a wirina diaeram chewinge the means whereby
the variable sneed drawine-in capnstan in the ap=aratus
of Fie 5 is centrolled by the material storing loop of
variahle Jenath.

The emb~diment of the cembinati~n of apnaratus. to
which the mechanism ~f the inventicn is shawn as heing
aoolied. is. cenerally ~f the tvne choawp and described in
the natent to Uhlie. No. 2.487 837. issued November 15,
1949, Sy~h an-aratus cen-istc of three spindles. snindles
2 and 4 Reing of the two-frr-~n2 sineles sunnlv tvne. the
varn. whith is suhiected tn ten<ion devices 18 in each
spindle heing d-livered th-refrom in ball~rens 6 and 8,
resne-tivelv and heine frrwoarded to combinine. or doubl-
ino. and retardin~ tensi~n imnesing mechanism to he de-
scrited. frem which it is delivered as doubled cord 44 to
the infeeding end ~f ball~on 58 ~f the central cakling and
twisting snindle §1. Srind'e 60 is likewise of the two-
for-cne twistine tvoe, the combined threads receivine a
first twist in their nassage thrrugh the hallron 58 and a
secrnd twist in their u~ward travel verticallv throueh the
snindle. Upen emerging frem the too of the snindle.
the cord is enraced bv the positivelv driven canctan
62 driven in synchronism with the central snindle 68 so
as to supply the power to withdraw the cord frem the bal-
lorn 58. to overcome the retardine tensien of the tension-
imposing means 18. an1 to withdraw the singles strands
from their balloons 6 and 8. After leavine ca=stan 62
the cord is taken un bv being wound unon a bebbin (not
shown). being laid therern bv rerinrocating traverse
mechanism (not shown) cenventirnal in the art.

Tt is with the control of the diameter of the halloon 58
of the system shcwn in Fia. 1 with which the voresent
invention is concerned. Exverience has shown that there
is litle. if any, difficultv in the cecntro! of the sineles
ballocns when proper adjustment is made of the retard-
ing tension imposing means at the top of each singles
spindle. Difficulty has been experienced with control
of the doubles balloon 58, wherein if the balloon is too
tight. it rubs uron the upper rub ring (not shown) of the
spindle to the consequent damage of the cord, and. if such
ballcon is too loose, it rubs upon the outer guard mem-
ber if one is used, also to the damage of the cord. If no
such guard is used. the ballcon 58 very quickly becomes
entangled with the balloons 6 and 8 of the singles spindles
if it extends to overlap such balloons. The balloon con-
trol apparatus of the present invention is desien=d to hold
the balloon 58 under constant tensicn, and thus to main-
tain its diameter within close limits, so that such bailloon
neither contacts the inner wear ring nor contacts the
outer guard or housing member thereat.
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In the embodiment of the apparatus shown in Fig. 1,
the singles supply spindles 2 and 4 are driven at the same
constant high speed and in the same direction by means
of a belt (not shown) entrained over the drive pulley
of a motor (not shown). The central cabling spindle 60
is driven in the opposite direction at a slightly slower
but constant high speed by the same belt.

The twisted singles strands 12 and 14 proceed up-
wardly from the balloons of their respective spindles 2.
and 4, and thence to the idie gathering pulley 16, from
which the combined, generally parallel, but as yet un-
twisted-upon-each-other strands forming material 44 are
led downwardly to the constant tension imposing means
tc be described and thence into the balloon 58 of the
center, doubles spindle 60. The gathering pulley 16 is,
in the embodiment shown, under the control of a retard-
ing or braking means 17 shown more clearly in Fig. 2;
the idle gathering pulley 16 and the braking means 17
therefor constitute a variable speed means for feeding the
material into variable lcop 46. The retarding or braking
means 17 is designed to impose, once the machine has
teen placed in operation and adjusted, a controlled vari-
able retrading torque uron the gathering pulley 16.
Braking means 17 is designed to impose upon the gather-
ing pulley 16, by a separately powered prime mover con-
trelled by the variable loop 46, to be described, a first,
smaller retarding torque when the loop has reached its
minimum length, and to impose upon the gathering pulley
16 a second, larger retarding force when the loop has
reached its maximum length, so that the gathering pulley
16 exerts npcn the material 44 a force, varying within a
narrow range, such that the material travels past the
gathering pulley at speeds which are alternately slightly
greater than and then slightly less than the speed of the
material at the drawing-in capstan 62, which is driven at
a constant speed. The loop 46, which is in direct, ten-
sion-transmitting relationship with the balloon 58, con-
tinually subjects such balloon to the same constant ten-
sion toc which the material in the loop is subjected, as by
a freely hanging weight. The sum of the tensions in the
singles ballocns plus the instantaneous retarding tension
imposed by the brake substantially equals the tension in
the doubles- balloon but for the small amounts of un-
Falance deliberately introduced into the system by varia-
ticn in the speed of rotation of the braked gathering
pulley.

The construction of the regarding means 17 and of the
separately powered means 28 for applying such retard-
ing means is shown more clearly in Fig. 2. As there
shown, there is secured to the shaft mounting the gather-
ing pulley 16 a brake drum 18. Connected by pivot pin
24 to a portion of the machine frame, as shown, is a
brake lever 22. A brake shoe 20 is held against the
brake drum by a total force made up of that supplied
by means of the mechanism 28, to be described, and
that supplied by means of the weight 26 slidable along
lever 22 and held thereon in adjusted position by a thumb
screw, as shown.

The mechanism 28, wnder the control of the variable
loop forming means to be described, consists of the small
motor 30, the drive shaft of which is connected to the
speed reducer 32, which in turn is connected to the ver-
tical rotatable worm 36, mountzad to rotate in bearing pro-
viding support member 34. Threadedly engaged with
the worm 36 is the nut 38, one side of which is slidably
and non-rotatably engaged with a vertical guideway on
the frame member 39 so that as the worm rotates the nut
will rise and fall, depending upon the direction of rota-
tien of the worm.- As shown, a spring seat providing
member 48 is supported on the left-hand end of brake
lever 22 by having a central projection thereon, such
projection having a rounded bottom end, received within
a seat on the lever. A coil spring 43 is telescoped around
the .lower. end of worm 36 and is positioned between the
lower surface of nut 38 and the spring seat 40. The




the addition of smaller weights thereto.

spring 43 is preferably so chosen that when the nut 38 lies

substantially centrally in its range of vertical travel the
spring will impose- sufficient pressure upon the brake

Tever: 22, taken with the force also imposed thereon by

weight 26 when the latter is placed at a fixed predeter-
mined location lengthwise of lever 22, to cause the retard-
ing or braking means 17 to impose sufficient retardation
upon the material 44 entering the doubles balloon o
effect a balance in the system when the singles and dou-
bles bailoons have their preferred medial diameters.

" The Joop 46 in the material is formed immediately
below the gathering pulley 16 by means of the freely
vertically traveling pulley 48 which is pulled downwardly
by the weight 59, which is selectively adjustable as by
The material
44 is fed into loop 46 by idle but braked gathering pulley
16, at a rate determined by the degree of braking applied
to pulley 16 by braking means 17. When braking means
17 is applied with less force, that is, eased up on the
brake drum 38, weight 50 causes material 44 to enter
loop 46 at an increased rate past gathering pulley 16,
the weight 50 thus then descending to lengthen variable
supply loop 46. The material 44 rises from the pulley 48
over the fixed guide pulley 52, from which it travels
downwardly through the eye 56 into the balloon 58 of
the spindle 68. It will be apparent that the tension to
which the material 44 in loop 46 is subjected by the com-
bined weights of the pulley 48 and the weight 50 is trans-
mitted directly to the material of the balloon 58. With a
proper choice of the value of weight 50 the balloon 58
will be stable, under fixed conditions of flyer speed, yarn
characteristics, and so forth, since the balloon 58, thus
subjected to a constant suitable back tension, tends to
seek and remain at a given diameter.

Connected to the pulley 48 is the horizontally extend-
ing switch arm $4, made of electrically insulating mate-
rial, which travels therewith between its lower position,
in which it engages the bottom contactor 66, to the top
position, at which it cooperates with the top contactor 68,
both such contactors being mounted on fixed portions
on the frame on the machine (not shown). The guide
pulley 48 has mounted on opposite ends of its shaft bear.
ing chocks, one of which is shown at 72 in Fig. 3, such
chocks travelling in guideways provided between two
sets of two spaced parallel guide members 78, two of
which are shown in Fig. 3. The weight 50 is of such
shape as to slide freely in the space provided between
such guide members 76. Preferably at least two of the
members 78 are insulated from the machine frame and
from each other so as to serve as bus bars, one side, 1,,
of a low tension current scurce being connscted to one of
such members 7§ and the other side, L,, being connected
to the other of such members. Connection beiween con-
tacts 78 and 89, mounted upon the insvlating switch arm
€4, are effected through lead wires, shown in dotted linss,
from such contacts to brush members 74 and 76 making
connection with their respective members 79.

The contactor 68, which bears separate independently
adjustable contacts 82 and 84, insulated from each other,
and the contactor 68, which carries similar contacts 86
and 88, together with the switch arm 64 and the contacts
78 and 88 form parts of a reversing and comtrolling
switch for the motor 38 of the brake means ahbove de-
scribed. The motor 3¢ is preferably the type energized
by a low potential direct current source, the field being
the stator and the rector being of the fixed high per-
meability magnet type. The rotor may be made, for
example, of “Alnico,” which is an alloy of aluminum,
nickel, and cobalt, made and sold by the General Electric
Company. Such motor requires low current feed, there-
by minimizing contact difficulties at the reversing switch,
Furthermore, because of the permanent magnet rotor,
the problem of reversing the motor is a simple one.
Because by far the greater part of the necessary retarding
torque is contributed by the weight 26, the motor 30 may
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be of the very small fractional horse power type, and the.
spring 43 may be comparatively weak,

The motor 36 is connected to the current source Ly,
L; in the manner shown in Fig. 4. The circuit to the
motor is such that when the switch arm 64 rises, with the
shortening of the loop 46, so that the contacts 78 and
€8, respectively, touch contacts 86 and 88, the field 98
of the motor 38 is energized through the thus described
contacts and the wires 84 and 96 in such direction as to
drive the motor tc impel the nut 38 upwardly. The
speed at which the motor rofates is adjustable through
the manually adjustable rheostat 182 in the motor cir-
cuit. The amount of speed reduction afforded by means
32, and the speed with which the motor 39 is run are so
chosen that when switch arm 64 cooperates with contac-
tor §8 the motor 38 will have run sufficiently far, before
the comtact is broken by descent of pulley 48, for the
material 44 to run past the gathering pulley 16 at a speed
slighity in excess of the speed with which it is taken up
at the drawing-in capstan 62. Such change of speed of
material 44 at the gathering pulley 16 is relatively small,
so that the speed at which the pulley 48 descends is rela-
tively siow, thereby avoiding the imposition of mechani-
cal shocks or material nnbalances in the system due to
marked acceleraticn or deceleration of masses.

When the pulley 48 has descended sufficiently for the
contacts 78 and 88 cn arm 64 to touch centacts 82 and
84, respectively, the motor 38 will again be started, this
time in the reverse direction. The mcior will, of course,
remain rotating until the arm 64 is raised by the shorten-
ing of loop 46 to break the circuit through such con-
tacts. During the time that the motor 39 remains run-
ning, with the arm 64 in its lower position, the nut 38
will have been lowered sufficiently by the motor to apply
the brake shoe more forcibly to the brake drum 18. The
material will thus be fed more slowly past the gathering
rulley 16 so that the loop 46 will bagin to shorten and
pulley 48 will begin slowly to rise. Thereupen the con-
tacts cn switch arm 64 will move away from the contacts
cn means 6%, thereby shutting off the motor. The loop
45 therefore will now continually shorten, since the ma-
terial at this time will be running more slowly past the
gathering pulley 16 than it will be drawn in from balloon
58 by the capstan 62. Such process of alternately first
feeding the material into the loop at a rate slower than
it is withdrawn therefrom by the capstan and then faster
than such rate of withdrawal from the balloon therefore
centinues while the machine is in operation. All dur-
ing such time the balloon 88 is subjected to the constant
tensicn exerted thereon by the lcop 46, the material in
which is subjected to the constant gravity effect of the
rulley 48 and the weight 59.

The above described manner of operation of the ap-
paratus is that which will usually be carried out by it
upon normal settings and adjustments of the parts. The
apparatus will, however, continue to function to impose
a constant temsion om the balloon by maintaining a
variable supply of material under constant tension and
in tension-transmitting communication with the balloon
even if cccasionally the pullev 48 should not reach an
end (first) point of its travel before again approaching
the other (second) end point of its travel. In such case
the switch arm 64 upon reaching the contactor at the
second end point of travel will cooperate with the con-
tactor at such point to cause the motor 3¢ to run so
that the brake means 17 is adjusted to restore the system
to a condition in which the pulley 48 once again has its
full travel. In other words, the described pulley, switch
arm, and contactors will function automaticzlly to ad-
just the brake so that it imposes the proper higher and.
lower retarding torques to maintain the full travel of
the pulley 48 in both directions. Thus the maintenance
of the balloon under uniform tension at all times is
assured.

The three-spindle system shown in Fig. 5 differs from
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that described in connection with Fig. 1 in that the
gathering pulley 104 is constantly driven at a speed syn-
chronized with the speed of rotation of the center spindle
124. Parts of the singles spindles and strands delivered
therefrom in Fig. 5 corresponding to those in Fig. 1
are designated by the same reference characters. The
belt 106 entrained over the pulley 188 keyed to the shaft
bearing gathering pulley 184 is driven in a manuer con-
ventional in the art and specifically descrived in ap-
plication Serial No. 238,215. The twisted singles strands
12 and 14 are gathered at the pulley 184, being given a
sufficient number of wraps arcund the pulley to have a
substantially non-slipping engagement therewith, and are
led downwardly to a loop 11¢ formed by the vertically
travelling pulley 112 which has a selectively adjustable
weight 114 attached thereto. The material rises from
the loop over the fixed guide pulley 116 and descends
as material 118 through the eye 128 and into the balloon
122 of the spindle 124. In this instance the speed at
which the material is withdrawn from balloon 122 is
under the control of the selectively variable speed draw-
in means 126, specifically shown in Figs. 6 and 7. Means
126, in turn, is under the control of the lcop £1¢ so that
as the loop reaches a predetermined maximum length,
means 126§ is increased in speed and that as the loop
reaches a predetermined minimum length, the means 126
is decreased in speed. As a result, the balloon 122 is
continually subjected to the censtant tension to which

the loop 118 is subjected, such tension being substan-

tially unaffected by the small variations in the relative
speeds between the means 194 and 126.

Means 126, whereby the speed of withdrawal of the
material from the balloon 122 may be varied, will be
better understood by consideration of Figs. 6 and 7.
As there shown, the main driving and supporting shaft
128 for spindle 124 is hollow, having an axial bore
therethrough. Shaft 128 is mounted in a supporting
member 139, member 130 being received in a portion
of the machine frame, not shown. Shaft 128 is ro-
‘tatably supported in supporting member 136 by bearings
of which one is shown at 132.. Supported within the
bore in shaft 128 is the small axially located shaft 134,
such shaft being journalied in shaft 128 through the
medium of the bearings 136.

On the bottom of the small shaft 134 there is posi-
tioned the inductor disc 138 made of electrically comn-
ducting metal such as copper, aluminum, and the like.
A wound field coil 149, positioned in shell 142, is sup-
ported on frame part 144 so as to lic parallel with the
outer broad face of disc 238 with a small air gap 146
between them. The wound field coil 240 is selectively
energized to varying degrees, by means to be explained,
through the lead wires 148. The degree of attraction
between inductor disc 138 and the wound field coil 143,
and thus the force imposed upon shaft 134 retarding
its rotation, may be varied by varying the degree of en-
ergization of coil 140.

Journalled within the flyer 15¢, in the recess 152
therein, is the cord engaging and advancing roller mem-
ber generally designated 184. Member 154 is, as shown,
so positioned that its axle 156 extends transverse to the
axis of rotation of the flyer. The roller 154 is of such
diameter and is so positioned that the longitudinal center
of the inner side of its central cord engaging drum por-
tion 158 lies tangent to the axis of the flyer, along which
material 118 proceeds after leaving such roller. The
cord 118, proceeding inwardly through the radial pas-
sage 169 in flyer 15¢, may be wrapped one or more times
about such central portion 158 of the roller so as to have
substantially non-slipping engagement therewith. As
mentioned, the cord then leaves such portion 158 and
travels upwardly through the bore in the enlarged portion
162 of the central shaft of the spindle, which in this
instance is discontinuous, the flyer 150 being interposed
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between the portions 128 and 162, both such parts 128
and 162 being fixedly connected to flyer 150. . .

Roller 154 is provided with end flanges, the oute
portions of such flanges having gears 164 thereon. Gears
164 mesh with the gears 166 positioned on the ends of
the intermediate gear member 168 which is also jour-
nalled in a recess in the flyer on axle 170, such axle
being parallel to axle 156. Centrally of member 168
there is positioned the hour-glass worm gear 172 which
meshes, as shown, with the small worm 174 fixedly
attached to the top of the shaft 134. Shaft 134 is posi-
tioned coaxially of the flyer. Gears 172 and 174 are
made of such hand, and gears 164, 166, 172, and 174,
aud drum 158 are made of such relative size, that, when
the fiyer 150 rotates with the disc 138, and thus the shaft
134 and the worm 174 are locked from rotation, material
118 will be drawn into the flyer at a speed at least slightly
in excess of the speed required to maintain the balloon
122 at the desired medial diameter. Such driving of
member 154 results, of course, from the rotation of
members 154 and 168 as a unit with the flyer about the
worm 174, and thus the driving of member 154 through
the medium of the gears 174, 172, 166, and 164 from
shaft 134, in that order.

During the preferred operation of the spindle, the
wound field coil 140 is energized to a degree sufficient
to retard the rotation of inductor disc 138 to a point at
which the speed of rotation of shaft 134 and thus of
worm 174 with respect to member 168 is such that the
drum portion 158 of member 154 alternately has a pe-
ripheral speed such that it withdraws material from the
balloon 122 at speeds which are first in excess of and
then less than the speed at which the material 118 leaves
the gathering pulley 104, which is driven at constant speed
by the belt 196, driven by a pulley at the bottom of the
spindle, not shown, such pulley in turn being driven by
a worm gear, not shown, meshing with werm 176’ on
the spindle shaft 128. .

Such energization of the inductor 140 is cffected by
the arm 176 secured to the pulley 112 which forms the
variable loop 11¢. The arm 176, which rises and falls
with the pulley 112, is employed to operate a switching
mechanism 178 which alternately subjects inductor 140

to increased and then decreased energization. A pair of -

parallel dog members 186 and 182 are pivoted at 184 and
186, respectively, on parts of the machine frame. Such
dog members are connected together by the vertical link
member 188 to which is connected horizontal arm 190.
The pivotal jcints at 184 and 186 have enough friction
to retzin the dog, link, and switch arm (to be described)
system in the position into which it is urged by arm 176.
When the pulley 112 and thus the arm 176 rise so that the
arm 176 pushes the top dog 182 upwardly, it also pulls
the bottom dog 180 upwerdly through the medium of link
188. Reverse operation of arm 176, that is, contact be-
tween such arm and the bottcm dog 180 thrusts the dogs
and link downwardly. The link 188, made of electrically
insulating material, carries intermediate its length the
herizontally extending electrically conducting switch arm
19¢ which extends across and sclectively bridges the two
adjustable contacts 192 and 194. Bridging contacts 192
and 194 is the manually adjustable resistance 196. It
will be seen that when the switch arm 199 is retracted
from the contacts 192 and 194 the resistance 196 is intro-
duced into the feed circuit to the inductor 140, such feed
circuit including the source Ly, the wire 198, the manually
adjustable rheostat 260, and the source L;.

We have seen above that when the inductor 140 is
mere highly energized, the material forwarding speed of
the means 126 is increased, and that when means 140 is
less highly energized, the material forwarding speed of
means 426 is decreasad. Accordingly, when the arm 176
trips the top dog 182 to remove the switch arm 190 from
contacts 192 and 194, and to interpose resistance 196 in
the circuit, the inductor 140 is less highly energized and
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the material feeding speed of means 126 is decreased.
The energization of means 140, and thus the speed at
which means 126 forwards the material from the balloon,
when the resistance 196 is by-passed by arm 190, may be
adjusted by the rheostat Z00. When resistance 196 is in
the circuit to means 14¢ the material forwarding speed
of means 126 is affected by the adjustment of both rheo-
stat 280 and of resistance 196.

With the dogs 180 and 182 in the position shown in
Fig. 8, the pulley 112 travels upwardly until the loop 110
has reached its minimum length. The tripping of dog
182 then causes the described decrease in speed of means
126 so that such means 126 withdraws material more
slowly from the balloon than it is fed into the loop by
the driven gathering pulley 104. Consequently the loop
110 is then replenished and continues to grow longer
until the arm 176 trips the bottom dog 180. The bottom
dog thereupon causes the switch arm 199 to descend,
thereby by-passing the resistance 196 so that the inductor
140 is increasingly energized. The material forwarding
speed of means 125 is then increased so that the loop 110
gradually decreases in size, since the material is now
being withdrawn from balloon 122 at a rate faster than
it is being fed into the loop 116 by the gathering pulley.

Suitable adjustment of the variable resistance 126 al-
lows the choice of a selected degree of difference between
the higher and the lower speeds at which the means 126
withdraws material from balloon 122, so that the fre-
quency with which the loop 110 becomes filled and then
depleted may be chosen. Ordinarily it is preferred, as
with the embodiment of Fig. 1, that with this apparatus
the variable loop shall become filled and depleted rather
slowly, fast encugh to insure the maintenance of a con-
stant tension locp in tension-transmitting communication
with the balloon but slowly enough to avoid the imposi-
tion of undue mechanical shocks to the system.

Whereas I have described preferred embodiments of
the method of and apparatus for controlling the balloon
of a twisting spindle, it will be understood that such em-
bodiments are illustrative only. The invention is, there-
fore, to be defined by the scope of the claims appended
hereto.

Thus, in the illusirative embodiments the tension is
imposed on the variable supply of material by a freely
hanging weight. In such embcdiment the tension is
virtually constant regardless of the length of the material
in the variable supply. In the practice of the broad as-
pects of the invention, however, it is necessary only that
the tension imposed on the variable supply and thus on
the balloon remain substantially constant, that is, that it
shall not vary beyond the range required to maintain the
diameter of the balloon within a predetermined operative
range. Accordingly means other than a weight may be
employed to maintain the variable supply of material
under the reguisite substantially constant tension.

I claim as new the following:

1. The methed of controlling the balloon of elongated
flexible material at a twisting spindle having a balloon
guiding eye which comprises advancing the material from
a first feeding means toward the balloon, maintaining a
variable supply of material outwardly of the eye in ten-
sion-transmitting communication with the balloon and be-
tween the first feeding means and the guiding eye for the
balloon, applying a predetermined fixed tension on the
portion of the material in the variable supply, withdraw-
ing the material from the balloon by a second feeding
means, and varying the relative speeds of feeding of
the material toward and away from the balloon by vary-
ing the relative material advancing speeds of the first and
second feeding means alternately first to withdraw the
material from the balloon and thus from the variable sup-
ply at a rate faster than it is fed into the variable supply
to decrease the variable supply by a predetermined
amount and then to withdraw the material from the
balloon and thus from the variable supply at a rate
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slower than it is fed into the variable supply to_increase
the variable supply by a predetermined amount, so that
the variable supply is continually maintained under ‘the
said predetermined fixed tension.

2. The method of controliing the balloon of elongated
flexible material at a twisting spindle having a balloon
guiding eye which comprises advancing the material from
a first feeding means toward the ballecon, maintaining a
variable lcop of material catwardly of the eye in ten-
sion-transmitting communication with the balloon, ap-
plying by a freely hanging weight a predetermined fixed
tension on the portion of the material in the loop, with-
drawing the material from the balloon by a second feed-
ing means, and varying the relative speeds of the first and
second material feeding means alternately first to with-
draw the material from the balloon and thus from the
variable loop at a rate faster than it is fed into the variable
lcop to decrease the varizble loop by a predetermined
amount and then to withdraw the material from the bal-
loon and thus from the variable loop at a rate slower
than it is fed into the variable loop to increase the
variable lcop by a predetermined amount, so that the
loop is continually maintained under the said prede-
termined fixed tension.

3. The method of controlling the ballcon of elongated
flexible material at a twisting spindle which comprises
advancing the material from a first feeding means toward
the balloon, said first feeding means being of selectively
variable speed, maintaining a variable supply of material
in tension-transmitting communication with the balloon,
applying a predetermined fixed tension on the portion
of the material in the variable supply, withdrawing the
material from the balloon by a second, fixed speed,
feeding means, and varying the speed of the first material
feeding means to alternately first withdraw the material
from the balloon and thus from the variable supply at
a rate faster than it is fed into the variable supply to
decrease the variable supply by a predetermined amount
and then to withdraw the material from the balloon and
thus from the variable supply at a rate slewer than it
is fed into the variable supply to increase the variable
smply by a predetermined amount, so that the balloon
is continually maintained uvnder the said predetermined
fixed tension.

4. The method of controlling the balloon of elongated
flexible material at a twisting spindle which comprises
advancing the material from a first feeding means toward
the balloon said first feeding means being of selectively
variable speed, mainfaining a varaible loop of material
between the first feeding means and the balloon, said
variable loop being in tension-transmitting communica-
tion with the balloen, applying by a freely hanging
weight a predetermined fixed tension on the portion of
the material in the loop, withdrawing the material from
the balloon by a second, fixed speed, Feeding means, and
varying the spzed of the first material feeding means
to. alternately first withdraw the material from the
balloon and thus from the variable Ioop at a rate fester
than it is fed into the variable loop to decrease the
variable loop by a predetermined amount and then to
withdraw the material from the balloon and thus from
the variable loop at a rate slower than it is fed into the
variable loop to increase the variable loop by a pre-
determined amount, so that the balioon is continually
maintained under the said predstermined fixed tension.

5. The method cf controlling the ballcon of elongated
flexible material at a twisting spindle which comprises
advancing the material from a first feeding means toward
the balloon, said first feeding means advancing the
material with a fixed speed, forming a variable loop of
material in tension-iransmitting communication with the
balloon, applying a predetermined fixed tensicn on the
portion of the material in the loop, withdrawing the
material from the balloon by a second, variable speed,
feeding means, and varying the speed of said second
material feeding means to alternately first wtihdraw the.
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material from the balicon and thus from the -variable
loop faster than it is fed into the variable loop to decrease
the variable loop by a predetermined amount and then
to withdraw the material from the balloon and thus from

the variable loop at a rate slower than it is fed into the’

variable loop to increase the variable loop by a predeter-
mined amount, so that the loop is continually maintained
‘under the said predetermined fixed tension.

6. The method of conirolling the ballcon of elongated
flexible material at a twisting spindle which comprises
advancing the material from a first feeding means toward
‘the balloon, said first feeding means advancing the
material with a fixed speed, withdrawing the material
from the balloon by a second, veriable speed, feeding
means, forming a variable loop of material as it travels
between the first and second feeding means, the variable
loop being in tension-transmitting communication with
the balloon, applying by a freely hanging weight a prede-
termined fixed tensicn on the portion of the material in
the loop, and varying the speed of said second material
feeding means to alternately first withdraw the material
from the balloon and thus from the variable loop faster
than it is fed into the variable loop to decrease the length
of the variable loop by a predetermined amecunt and
then to withdraw the material from the bailoon and thus
from the variable locop at a rate slower than it is fed
into the variable loop to increase the length of the
variable loop by a predetermined amount, so that the
loop is continually maintained under the said predeter-
mined fixed tension.

7. Apparatus for twisting elongated flexible material
which comprises a twisting spindie which creates and
maintains a balloon thereat, said spindle having a balloon
guiding eye, a first material feeding means for advancing
the material toward the balloon of the spindle, means
forming a variable supply of material outwardly of the
eye in tension-transmitting communication with the
balloon, means applying a predetermined substantially
fixed tension en the portion of the material in the variable
supply, and a second feeding means for withdrawing the
" material from the balioon.

8. Apparatus- for twisting elongated flexible material
which cemprises a twisting spindie which creates and
maintains a balloon thereat, said spindle having a balloon
guiding eye, a first material feeding means for advancing
the material toward the balloon of the spindle, a second
feeding means for withdrawing the material from the
balloon, means forming a variable loop of material in
the material outwardly of the eye as the material travels
between the first and second feeding means, said loop
being in tension-transmitting communicaticn with the
balloon, and means applying a predetermined sub-
stantially fixed tension on the portion of the material
in the variable loop.

9. Apparatus for twisting elongated flexible material
which comprises a twisting spindle which creates and
maintains a balloon thereat, said spindle having a balloon
guiding eye, a first material feeding means for advancing
the material toward the balloon of the spindle, means
forming a variable supply of material cutwardly of the
ballpon in tension-transmitting communication with the
balloon, means applying a predetermined fixed tension
on the portion of the material in the variable supply,
a second feeding means for withdrawing the material
from the balloon, and means responsive to variations
in the length of material in the variable supply for
varying the relative material advancing speeds of the
first and second feeding means so as to maintain the
length of material in the supply within predetermined
limits.

10. Apparatus for twisting elongated flexible material
which comprises a twisting spindle which creates and
maintains a ballcon thereat, said spindle having a balloon
guiding eye, a first material feeding means for advancing
the material toward the balloon of the spindle, a second
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feeding means for withdrawing the material from the
balloon, means forming a variable loop of material in
the material outwardly of the eye as the material travels
between the first and second feeding means, said loop
being in tension-transmitting communication with the
balloon, means applying a predetermined fixed tension
on the portion of the material in the variable loop, and
means responsive to the length of the variable loop for
varying the relative material advancing speeds of the
first and second feeding means so as to maintain the
lengih of the loop within predetermined limits.

11. Apparatus for twisting elongated flexible material
which comprises a twisting spindle which creates and
maintains a balloon thereat, said spindle having a balloon
guiding eye, a first material feeding means for advancing
the material toward the balloon of the spindle, a second
feeding means for withdrawing material from the balloon,
means forming a variable loop of material in the material
outwardly of the eye as the material travels between the
first and second feeding means, said loop being in ten-
sion-transmitting communication with the balloon, said
last named means including a freely hanging weight apply-
ing a predetermined fixed tension on the portion of the
material in the variable loop, and means responsive to the
length of the variable loop for varying the relative ma-
terial advancing speeds of the first and second feeding
means, such last named means being so constructed and
arranged as to alternately first withdraw the material
from the balloon and thus from the variable loop at a rate
faster than it is fed into the variable lcop to decrease the
length of the variable loop by an amount in a predeter-
mined range and then to withdraw the material from the
baltoon and thus from the variable loop at a rate slower
than it is fed into the variable loop to increase the length
of the variable loop by an amount in a predetermined
range, so that the loop is continually maintained under
the said predetermined fixed tension.

12. Apparatus for twisting elongated flexible material
which comprises a twisting spindle which creates and
maintains a balloon thereat, a first material feeding means
for advancing the material at constant speed toward the
balloon of the spindle, a second feeding means for with-
drawing the material at a selectively variable rate from
the balloon, means forming a variable supply of materiat
in the material as it travels between the first and second
feeding means, said supply being in tension-transmitting
communication with the balloon, means applying a pre-
determined fixed tension on the portion of the material
in the variable supply whereby the balloon is continually
maintained under the said fixed tension, and means re-
sponsive to changes in the length of material in the varia-
ble supply for varying the material advancing speed of the
second feeding means so as to maintain the length of ma-
terial in the variable supply within predetermined limits.

13. Apparatus for twisting elongated flexible material

‘which comprises a twisting spindle which creates and

maintains a balloon thereat, a first material feeding means
for advancing the material at constant speed toward the
balloon of the spindle, a second feeding means for with-
drawing material at a selectively variable rate from thz

_balloon, means forming a variable loop of material in the

material as it travels between the first and second feeding
means, said loop being in tension-transmitting communi-
cation with the balloon, said last named means including
a freely hanging weight applying a predetermined fixed
tension on the portion of the material in the variable Joop,
and means responsive to changes in the length of the
variable loop for varying the speed of the second material
feeding means, such last named means being so con-
structed and arranged as to alternately first withdraw the
material from the ballocn and thus from the variable
loop at a rate faster than it is fed into the variable loon
to decrease the length of the variable loop by a predeter-
mined amount and then to withdraw the material from

‘the balloon and thus from the variable loop at a rate
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slower than it is fed into the variable loop to increase the
length of the variable loop by a predetermined amount,
so that the balloon is contirually maintained under ihe
said predetermined fixed tension.

14, A system for doubling a plurality of strands into a
cord comprising a plurality of strand supplies, a multiple-
twist type of take-up balloon creating twister for doubling
the strands and collecting the cord, means mounted on the
take-up twister for drawing the cord through the balloon
of the take-up twister, means for driving the last named
means at a selectively variable speed, strand speed regu-
lating means acting upon the strands as they pass between
the supplies and the take-up twister, said last named means
being driven in synchronism with the take-up twister and
engaging the strands substantially without slippage, means
forming a variable supply of material in tension-transmit-
ting communication with the balloon of the take-up
twister, means applying a predetermined fixed tension on
the portion of the material in the variable supply so that
the balioon is continually maintained under the said fixed
tension, and means responsive to variations in the length
of material in the variable supply for varying the speed
of driving of the means for drawing the cord through the
balloon of the take-up twister.

15. A strand-forming machine comprising a plurality
of singles twisters, means for doubling the strands issuing
from the singles twisters into a plied strand, said singles
twisters effecting a twisting operation in a first free-flying
balloon, said doubling means effecting a twisting operation
in a second free-flying balloon, means acting to counter-
act a difference between the tension of materials entering
the second balloon and the sum of the tensions of ma-
terials leaving the first balloons, said last named means
comprising means for imposing a predetermined retard-
ing tension on the material at the entering end of the sec-
ond ballocon, means drawing the material into the balloon
of the take-up twister at a constant speed, means forming
a variable supply of material in tension-transmitting com-
municaticn with the balloon of the take-up twister, means
applying a predetermined fixed tensicn on the portion of
the material in the variable supply so that the balloon is
continually maintained under the said fixed tension, and
means responsive to.variations in the length of material
in the variable supply to vary. the retarding tension im-

posed on the material at the entering end of the second 4

14
balloon to restore the balance of the first and second
balloons.
16. Apparatus for twisting elongated flexible material
which  comprises a twisting spindle having rotatable
means creating and maintaining a balloon of such mate-

" rial, and a guiding eye for the apex of the balloon spaced
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from said rotatable means, a first means for feeding the
material into the balloon, a second means for feeding
the material from the balloon, means positioned cutside
the balloon and between the eye and the respective feed-
ing means for forming a supply of material of variable
Iength in tension transmitting communication with the
balloon, means applying a fixed tension cn the material in
the variable length supply over the entire range of length
variation of the variable supply, the first and second
feeding means operating to feed the strand at a substan-
tially fixed speed ratio relative to each other over the
intermediate part of the range of variation of the vari-
able supply, and means operated by the variable length
supply for varying the relative speeds of the first and
second feeding means adjacent the ends of such range of
variation so as to maintain the length of the variable
supply of material within predetermined limits.

17. The apparatus defined in claim 16, wherein one of
the feeding means is driven at constant speed and the
other feeding means is variable in speed.

18. The apparatus defined in claim 17, wherein the
variable supply of material is in the form of a salient
path of material having two parallel runs, and compris-
ing yieldable means forming the bight of the salient path.

" 19. The apparatus defined in claim 18, wherein the
parallel runs of the material extend vertically, and the
yieldable means is a freely hanging weight,
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