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‘Edward J. Wright, Pendleton, S.C,, assignor to Deering

"Milliken Research Corporation, Pendleten, S.C., a cor-
poration of Delaware

Filed Oct. 3, 1956, Ser. No. 613,692
15 Claims. (CL 57—58.3)

This invention relates to improved apparatus for plying
and twrstmg strands 50 as to achieve a plied strand, cord

- or cable having a desired twist in both the overall plied

strand, cord or cable and the individual component
strands formmg the plied strand, cord or cable.
The invention is applicable to any flexible funicular

structure, virtually without regard to composition or

construction, and is particularly applicable to strands of
cotton, rayon, nylon or other textile materials. All such

_strands or structures are referred to generally in this speci-

fication and the claims simply as “yarns” or “strands,” em-
ployed interchangeably, and it is intended that these terms
include all filaments or assemblages of filaments or
fibers, either natural or artificial. The term “plying” is
used herein in the broad sense of combining any two or
more yarns into helical or entwined relationship rather
than in the strict sense of twisting only singles yarns to-
gether ‘and in the broad sense may include the twisting
together of strands of previously twisted single yarns or
multi-ply yarns or cords, each of which when forming
a component ply strand of a cord or cable may be re-
ferred to as “singles strands,” or “component strands.”
While the invention is particularly suitable for plying two
strands, it can be adapted for assembling three or more
strands, the limit being fixed only by practical considera-
tions. The terms “cable” or “cord” are particularly em-
ployed interchangeably to refer to the plied product com-
prising two or more yarns or strands in helically entwined
relationship, and further include constructlons in which
the component strands are themselves “cables” or “cords”
or are merely of single of multiple filament construc_tion.
In the preparation of yarns for use in the manufacture
of automobile tires, industrial belts, and in many other
instances, it is desirable to ply together two or more

-strands to form a plied strand or cord having a particular

twist in the singles component strands and either the same
or a different particular twist in the plied strand or cord.

. It is customary in the plied strand, cord or cable art to
specify the cord or cable construction through the designa-
tion of the singles twist and the cable or cord twist. 'This
designation is normally given as Ty X Ty, wherein T, is the
singles twist (on a corrected basis as normally used, and
as customarily used in the tire cord industry such as desig-
nated as Z twist), T, being the cable twist per unit of
Jength and as customarily employed in the tire cord in-
dustry is designated as S twist. There are a number of
factors which make it extremely difficult to obtain a de-
sired cord or cable comstruction with conventional ap-
paratus of the prior art. Among these factors-is that of
twist contraction in the formation of the cord, as will be
presently discussed, and the requirement of producing
various cord constructions embodying different combina-
tions of various numerically different values for singles
twist T, and cable twist T. To further understand the

‘designation Ty XTy, it should be explained that this means
.that a unit length of cable or cord is so plied and twisted

that when it is detwisted T, times it will be completely
unplied and the individual component strands making up
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2
the cable will have a corrected twist of Ty per unit length.
The T, per unit length twist on a corrected basis is arrived -
at by measuring the length of the 1nd1v1dua1 strand after

_-detwrstmg the cable and prior to detwrstmo the individual

strand, The corrected basis smgles twist T, is then given
by the quotlent of the number of turns necessary for de-
tw*stmn the rﬁeasured length of the component strand
divided by the L,ngth of this strand prior to_detwisting
the ccmponent strand per se. It will be noted that the
foregomg statements refer to T; as des1gnatmg the cor-
rected singles thst thls bemg the conventional basis for
designating slngles tw1st by the great ma]orxty of users.
However, there are mstances where T, is stated as desig-
1atmo the 1pparent smgles twist, and for this designation
Tl is the quotient of the number of turns necessary to
completely detwist a component strand after the cable is
completely detwisted, divided by the original cable length
prior to any detwisting action., As stated above, this
latter designation is not the usual one, and in the further
discussion of this factor in this application T, will be
assumed to be desrgnated on a corrected basis,

As is well known in the art relatmg to the formation
of cords and cables, the conventional designation of such
cords as having a particular construction TyXT, has
resulted from the steps involved in the conventional prior
art method of cord formation and the standard test
method used to count the twist. The deslgnatrons T
and T are convenient in the practice of the prior art
methods, due to the particular separate steps involved in
forming of cord according to the prior art. However,
as is pointed out above, the designation T;xTy by no
means accurately portrays the actual construction of the
cord or cable as a finished product. Particularly, it will
be noted that the singles strands do not have a twist of
T as they lie in the finished cord, but in fact may have
an actual twist quite drfterent from T;. On the other
hand, since the system of designation of cord construc-
tion has become the common and usual one in the art, it
is desirable to relate all cord constructrons to thrs
the cord is formed Accordmgly, whrle cord is formed
according to the instant invention in a completely dif-
ferent manner from that of the prior art upon which this
system of de31gnat1qn is -based, the desiguation TyXTy
is employed in the explanatlon of the operation of the
apparatus and the various examples which are given for

the formation of various cord constructlons according

to the present mventron Thus the designation Ty X T,
is only an artificial one, partloularly with Tespect to the
method ‘involved i in practicing the present invention, and
nierely, des1gnates in the conventional manner the cord
formed thereby in crder to 1nd1cate that the cord is the
same as would be formed in the conventional prior art
process described above in which a cord is formed by
twisting together a number of strands each having a twist
of T, prior to tw1st1ng together, and in which the final
cord per se has a twist of Ty

The formatron of a cord having any particular desired
construction has been in the past a long and tedious oune,
usually requiring a number of individual and separate
apparatus. Even with apparatus in which the entire oper-
ation is accomphshed without the need for several sepa-
rate apparatus the prior art process has been compara-
tively slow due to the inherent deficiencies of the ap-
paratus employed. Further, in many cases it has been
exiremely difficult to maintain precision formation of the
desired cord construction. A further disadvantage of the
prior art processes and apparatus has been the fact that
the floor space requirements for the necessary apparatus
are consrderable thus resultlng in poor economy of flocr
space utrhzatron and resultant high product cost.

It is therefore an obJect of -this invention to provide
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a plying-twisting-winding apparatus which can produce
a wide range of cord constructions at a high production
rate, and with very close accuracy.

It is a further object to provxde a plying-twisting-wind-
ing arrangement which requires a comparatively small
amount of floor space.

Another object is the provision of an improved ap-
paratus for producing in one continuous operation sub-
stantially any desired cord construction from single
strands having substantially any original twist therein,
within the practical physical limitations of the sirands.

A further object is the provision of .a plying-twisting-
winding apparatus in which the doffing of the finished
plied strand package is easily accomplished, with a mini-
mum of operator time being required.

Still other objects and many attendant advantages w111
become apparent to one skilled in the art from a read-
ing of the following detailed description of a preferred
embodiment of the invention, taken in conjunction with
the accompanying drawings, wherein _

Figure 1 is a schematic illustration of an arrangement
embodying the invention.

Figure 2 is a partial section view of the secondary
iwisting and winding take-up section ‘of the apparatus
taken on the axial plane through line 2—2 of Figure 1.

Figure 3 is a schematic illustration of the brake assem-
bly for the take-up spindle of Figure 1.

Figure 4 is a fragmentary view illustrating the ply-

action equalizer capstan array of Figure 1.
Briefly, in a preferred embodiment according fo the

present invention a plying, twisting and winding appa- -

ratus is provided, having a plying section disposed in sub-
stantally vertical relation below a secondary twist and
take-up section, both the plying and primary twist impart-
ing section and the secondary fwist and take-up section
being synchronously driven in relation to each other and
an intermediate positive feed section in order to main-
tain a desired twist in both the product cord and the
singles strands making up the cord. In this preferred
embodiment two or more singles strands are plied fo-
gether by a cord-forming out-feeding spindle in which a
first singles strand is passed in ballooned fashion about
a second singles strand and its supply source, and bring-
in2 the first or ballooned strand together with the second
or inner strand at a ply point lying substantially on the
axis of the balloon and spindle and with the tension

and/or linear rate of travel of the component singles
strands being substantially equalized at the ply point.
The cord is then fed away from the ply point by an
intermediate feeding section vertically disposed above the
equalizer capstan and driven at a selected constant speed
in synchronism with the plying means, whereby the cord
has a selected constant twist as it proceeds from the ply
point to the intermediate feed section.

The secondary twist and take-up section of the appa-
ratus includes as an important element in the novel com-
bination a positively driven annular ring which surrounds
and is traversed along a braked take-up bobbin the axis
of which is preferably substantially horizontal and above
the plying section. The annular ring has a cord guide
thereon and is positively rotatably driven in synchronism
with the plying and intermediate feeding sections, the
rate of rotation of the annular ring relative to the rate
of linear feed of the cord through the intermediate feed
section thereby determining the amount of secondary twist
which is imparted to both the cord and the individual
component singles strands as the cord is wound upon the
take-up bobbin. By properly selecting the initial twist
formed in the plied cord or cable per se by the plying sec-
tion and the twist imparted to both the plied cord per
se and the individual singles component strands by the
secondary twist and take-up section (including the posi-
tively driven annular ring), a plied cord of any construc-
tion Ty X Ty may be formed and wound onto the bobbin
at much higher rates than heretofore possible with pre-
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vious apparatus. It is of considerable importance that the
annular ring is employed in the combination, and that it
is positively driven in synchromism with the plying spin-
dle and the intermediate feeding section, since by this
arrangement the sum total twist formed in the plied cord
and the twist imparted to the individual singles or com-
ponent strands may be constantly maintained at a desired
value irrespective .of the plying: rate or the diameter of
the strand package on the bobbin as it is filled up. A
further reason of great importance that a positively
driven annular ring be employed in combination together
with a cord-forming out-feeding ply-action spindle lies
in the fact that. this particular arrangement permits the
entire combination to be run at a very high speed, as well
as various speeds of both high and low order, and with
much more precision than is possible with other arrange-
ments such as may be found in the prior art.

In the operation of this apparatus, two or more singles
strands are taken from their respective supply packages

veither as furnished by the yarn or strand manufacturer,
or otherwise as may be-desired, and are plied together

in the plying section of-the-apparatus without the ne-
cessity of first twisting the singles strands to a value of
T1.- The cord thus plied has a twist therein as it passes
through the intermediate feeding section which is a func-
tion of the rotation rate of the primary plying spindle rel-
ative to the linear rate of travel of the cord as it leaves
the ply point and passes through the intermediate feeding
section, while the singles strands at this point have a
twist -as they lay in the cord therein which is the same
as that which was in the singles strands as they were
taken from their respective sources of supply. The cord
then proceeds to the secondary twisting and take-up sec-
tion where a secondary twist is imparted to both the cord
per se and the individual singles strands therein. The
amount of this secondary twist which is imparted by the
secondary twist and take-up section of the apparatus, as
well as the amount of twist formed in the cord per se

-by -the plying section of the apparatus, is determined by

the final cord comstruction which -is' desired to be ob-
tained in the cord as it lies on the take-up bobbin. In
determining the proper ratios to be employed between
the various sections of this apparatus in the formation of
a particular cord construction, it is necessary to consider
ihe effect of each procedural step on both the cord and
the singles strands.

. Referring specifically to the Corrected Singles Twist Ty
‘which is desired to be obtained, the factors which must be
taken into consideraticn are: (1) the Original Twist, or
what might be termed the manufacturer’s twist, in the
raw singles yarn or strand, (2) the twist inserted in the
cable ‘or cord during the primary plying operation, which
will be designated for convenience as Primary Machine
Twist, and (3) the twist change from theoretical in the
singles strands as a result of the “twist ‘contraction” ‘or
“twist  expansion” factor for the particular construction,
which factor will be designated as Singles Differential
Twist. Of these factors the pertinence of the first men-
tioned one (Original Twist) is readily apparent in rela-
tion to its effect on the twist in the singles strands at any
particular point in the operation, including the point at
which singles twist is measured. As to the latter factor
(Singles Differential Twist), this may be defined as being
the difference between the actual twist value for: the

“Corrected Singles Twist and the algebraic-sum of Original

Twist 'and a factor equal and opposite to the Primary
Machine Twist, and with present usual tire ‘cord con-
structions is such as to cause the actual twist to be higher
than that expected as a result of machine twist and orig-
inal twist. This factor is a variable dependent upon a
number of factors including character (S or Z direction)
and amount of twist (both T; and Tj), character and
amount of Original Twist, number of plies, diameter. of
singles strands, and difference in tension on the strands
during the plying and twisting and the standard tension
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émployed in testmg for twist count, and is normally con-
sidered of such complexrty that it is obtmned as a result

" of empirical trial and error results for each particular

cond construction and is then employed as a constant for
that construction in subsequent calculations. The factor
of Primary Machine Twist might appear at first thought
not to be of pertinence to the Corrected Singles Twist,
since this plying operation places no actual effective tw1st
in the singles strands as they- le in the cord or cable
However, the pertinence of Primary Machine Twist be-
comes apparent when it is considered that the Corrected
Singles Twist value is fictitious as regards the actual cord
as formed, and only designates the twist per unit length
which is in the singles strands after complete untwisting
of the cord or cable per se. Thus, the Corrected Singles
Twist Ty is a value which has a component factor therein
equal and opposite in sign to the Primary Machine Twist
formed in the cable per se.

One may therefore set up an empirical equation for
determining Corrected Singles Twist, given the value of
its three component factor values, or finding any one
compenent factor value given the value for Corrected
Singles Twist and the remaining two component factors.
Such an equation may be written as:

Original T'wist

Corrected Singles Twist (os'r)=<si§§fﬁ;’s" osrlgf{%“;;)+

Primary Singles
(Mf}%}l’;?e) ( Differential -
(MTy) Tv_\nst (8DT)

The negative sign within the MT; bracket indicates that
the factor to be added is opposite in twist direction to
that of MT;. The empirical factor SDT may be either of
like twist direction to that of the algebraic sum of (OT)
and (—=MT;) or may be opposite in twist direction rela-
tive thereto, and is to be added algebraically, considering
its twist direction.

The factors which must be taken into consideration
in arriving at a desired value T, for the Final Cable Twist
are: (1) the twist (MT;) directly formed in the cable by
the primary plying section on the apparatus, (2) the twist
(Secondary Machine Twist, MTy) directly inserted in the
cable by the secondary twisting and winding section, and
(3) the Cable Differential Twist factor which, 31m11ar1y
to the term Singles Differential Twist, may be defined as
the difference for any particular construction between the

~actual IFmal Cable Twist and e ‘(pected Final Cable Twrst

factors (1) Primary Machine Twist (MT;) and (2)
Secondary Machine Twist (MT,). All of these factors
are algebraically additive in producing the Final Cable
Twist.” The pertinence of Prrmary Machine Twist (MT})
as formed in the cable or cord in the plying sectlon, and
the Secondary Machine Twist {MT;) as inserted in cable
or cord by the secondary twisting section will be readily
dpparent. In this connection it will be noted that the
secondary twisting section is actually the only true twist-
ing section of the preferred apparatus according to the
invention, since the plying section only plies and does
not twist although the effect is to form a cable or cord
per se which has a cable twist the same as would be
The Cable Differ-
ential Twist factor is similar to that of Singles Differ-
ential Twist, discussed above, and may be either of a posi-
tively additive nature in the sense of serving to increase

‘the algebraic sum of the other two factors (MT, and

MT,), be negative or have a zero effect dependent upen
several factors, among which are the direction of MT,
relative to MT;, cord diameter, singles ‘twist, the elastic
properties of the cord, and the difference in tension be-
tween that on the cord during processing by this ap-
paratus and the tension during testing for twist.

‘One may set forth an empirical equation for these
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6
relationships, whrch may be wntten algebralcally as
follows

rimary

Machmo >+
Twist (MTy)

Secondary Cable .
Machine +{ Differential
Twist (MT5) Twist (CDT)

Final Cable Twist (FOT)—

Tt will thus be sgen from the foregoing discussion that
the rotational rate of the pnmary plying spindle telative
to the linear rate of feed of the phed cord through the
mtermedrate feed section is adjusted to give a Primary
Machme Tw1st to the cord of a magnittide (TPI) and
direction” (Z or S) such that a TPI value equal and op-
posite in direction thereto will, when algebraically added
together with the Orginal or Manufacturer’s Twist and
the Srngles Differentia]l Twist, give the desired Corrected
Smgles Twist, Ty (or Apparent Singles Twist, as may be
des1red) The rotational rate of the positively driven
ring in the secondary twisting section relative to the
linear rate of feed of the cord or cable through the inter-
mediate feed section is so adjusted that a twist is inserted
in the cord which, when algebraically added to the Pri-
mary Machine Twist and the Cable Differential Twist,
will give the desired Fina]l Cable Twist, Te..

Referring to Figure 1, a strand of yarn A from an ex-
ternal source, such as supply package 11, is fed through
an adjustable tensioning assembly 13, thence axially

‘through the center of a hollow rotatably driven spindle

shaft 15 through a radial opening 17 in the shaft 15,
‘then -in variable wrap-around relation about the pe-
ripheral surface of a wrap-around balloon shape and
tension controllmg step 19 (which may be of conven-
tional constructron) formed on or secured to the shaft
15 for rotation therewith, and in a seml-loop or balloon
about the exterior surface of a cylindrical” housmg 39,
and thence through a p1gta11 guide 26 and in tractive
wrap-around relation about one capstan 23 in a sym-
metrical equahzer or metering capstan array generally
designated 21, to a ply point with another strand B. The
equahzer capstan array 21 may be, and is preferably, of
the type disclosed in an application of Norman E. Klein,
Serial No. 512,552, filed Junt 1, 1953, and as itlustrated
herein takes the form of a pair of symmetrically ar-
ranged canted capstans 23, 25, rotatable about individual
axes canted with respect to each other and to the axis
of a supporting rotatable rotor 33, which in turn is ro-
tatably supported in a supporting bracket 335 suitably
secured to the top of housing 39. A drive coupling
guide, in the form of a pigtail guide 26, is secured to a
face of the rotor 33 for coupling the strand A thereto in
driving relation. The capstans 23 and 25 are mechani-
cally synchronously intercoupled through the medium
of an idler face gear 27 which meshes with gear teeth 29
and 31 formed on of secured fo respectively the innér
ends of capstans 23 and 25. The face gear 27 is sultably
rotatably mounted on the rotor 33 so as to be frée to
rotate with respect thereto, thus permitting the speed of
rotation of the capstans 23 and 25 about their individual
axes to be independent of their speed of rotation as a
unit with rotor 33 about the axis of rotor 33.

Strand B is fed from an internal source of yarn. dis-
posed within the thus formed balloon (for example, from
a yarn package 37 mounted within a cylindrical housing
39, which package and housing are restrained against ro-
tation as by an off-center weight 41, as shown, or by
magnetic action, etc. ), through ad]ustable tensioning
apparatus 24 (which is preferably of the pad or pinch
type, e.g. spring or weight pressed interfacing disg, etc.)
and thence about a guide roller 43 and through an axial
aperture extendmg through the center of rotor 33, over
gliide 34, in wrap-around relation about the other capstan
25 of the array 21, and thereupon proceeding to the ply

point of the two strands.
The plied yarn or cord AB is fed from the ply point
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-and through a ‘suitable axially disposed guide 44 by a
constant speed intermediate feeding section 45, which
takes the form of a pair of rolls 47, which are preferably
canted or skewed with respect to each other so as to
spread the adjacent turns of cord AB thereon and thus
prevent entrapment during its passage thercover. Feed
rolls 47 are driven at a selected constant speed through
the medium of a timing belt 49, shaft 50, primary twist
change gear arrangement 51, beveled gears 71, 73, shaft
74, and timing belt 75 which is operatively connected to
a suitable drive source such as motor M. Motor M is
also connected in synchronous driving relation to the

‘10

spindle shaft 15 through the medium of a timing belt 77

engaging a gear wheel formed on or suitably secured to
the shaft 15.

The twist per unit of length formed in the plied cord
AR is determined by the ratio of the linear rate at which
the cord AB is fed away from the ply point by the feed
roll arrangement 45 relative to the speed of rotation of
the spindle shaft 15 and the balloon of sirand A. Thus,
by varying this ratio the primary twist formed in the plied
cord AB may be suitably varied within a very wide
range. ‘To this end, the primary twist change gear ar-
rangement 51 is provided, and includes a fine adjustment
change gear 59 suitably rotatably mounted on a swing
arm 67, as through the medium of a bushing 57 to which
is removably secured change gear 59, and which is ro-
tatably mounted on a stub shaft 65 secured to the swing

arm 67. Swing arm 67 is split and is adjustably rota-.
tably mounted on a suitably fixed bushing support 6% by -

means of a securing bolt and nut 7¢. . Bushing support
69 has a low friction bearing therein, in which is rota-
tably mounted the shaft 56. Also suitably removably
secured to the bushing 537 is a gear 55 which meshes
with a gear 53 secured -onto the shaft 50 which drives
belt 49. With the motor turning in the direction iflus-
trated, the fine adjustment change gear 59 meshes with
an idler gear 61 in order to initially form an S twist cord
AB, while in order to initially form a Z twist cord AB
the idler gear 61 is removed from operative engagement

in the gear train, the fine adjustment change gear 59 is-

meshed directly with gear 63, and the direction of drive
from the motor M is reversed. This reversal of twist
formation is facilely accomplished through the removal
of idler gear 61 and by a small downward angular move-
ment of the swing arm 67 to bring the gear 59 into
meshed engagement with gear 63. In order to change
the amount of primary twist inserted, it is merely neces-
sary to change the fine adjustment change gear 59, and/
or the range or coarse adjustment change gear 63, de-
pendent upon whether a relatively small or a large twist
change is desired.

Synchronously tied in with spindle 15 and feed rell
arrangement 45, as through a drive comnection from
motor M, is a secondary-twist, take-up arrangement 101,
which is capable of exceptionally high speed operation
as well as being arranged to provide a constant secondary
twist to the cord AB as it is wound onto a bobbin 18§ or
other carrier. It wili be understood as the description
proceeds that while the twist, take-up arrangement 181
is referred to for convenience as a “twist” arrangement,
it may be utilized to either add to or subtract from the
twist inserted by the original plying action of spindle
15 and equalizer capstan 21,

It is an important aspect of this invention that the
plying and take-up arrangement lends itself to high speed
operation and that the apparatus is adapted to utilize a
minimum. of floor space. To the end that a minimum of
floor space is employed, in the preferred embodiment
thé secondary twist take-up section is disposed vertically
above the plying section, although a satisfactory arrange-
ment may by modification be provided with the plying
section inverted and above the secondary twist take-up
section, or may be otherwise provided with a sacrifice of
this advantage, if desired,
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The drive connection from the motor M to the sec-

- ondary twist take-up arrangement 181 includes timing belt

75, shaft 74, timing belt .gear 76, timing belt 88, shaft
82, change gear arrangement 81, toothed drum 93 and

“timing belt 95 which positively engages a rotatable an- -

nular ring 103. In order to achieve the desired drive
connection between drive shafts 74 and 82 in the illus-
trated embodiment, the timing belt 89 is passed through
a 90° change of direction through the medmm of a pair
of idler rollers 79.

The change gear arrangement 81 is similar to the pre-
viously described change gear arrangement 51 (with the
input and take-off points being merely reversed), and
will therefore not be described in further detail except
to note that the gears 83 and 85 are removable and are
employed as range or coarse adjustment change gears,
while the gear 89 is the fine adjustment change gear and
the gear 91 is an idler reversing gear.

As mentioned briefly above, the secondary twist take-
up arrangement 191 includes a rotatable positively driven
annuiar ring 163 which preferably forms the elongated
inner race of a ball bearing assembly (see Figure 2), the
outer race 103 of which is suitably secured to a ring rail
147 as through the medium of securing screws 189. The
annular ring 183 has an eyelet guide 1313 formed therein,
as illusirated, -or suitably secured thereto, and is dis-
posed in concentric relation about a rotatable bobbin-
supporting spindle 113 and an apex guide 97 which may
be suitably pivotally mounted as indicated at 98 for

: pivotal movement out of the bobbin Ioading path for ease

of ‘doffing and donning.. The spindle 113 may be of any
suitable construction for supporting a desired strand or
cord carrier; such as bobbin 288, and in the llustrative
embodiment inclndes a spindle shaft 114 rotatably
mounted. in a pair of spaced apart bearings 115 and 117
which are press fit into a bolster 119 secured to a spindle
rail 121, The annular ring 103 has timing gear teeth
184 for med on one peripheral end thereof which are en-
gaged in driving relation by timing belt 95, while the
other or cuter extended end has eyelet guide 211 formed
therein. The bobbin 18§ is preferably positively keved to
the spindle 114 in any conventional or desired manner,
as indicated at 116, and may be secured on the spindle
in any suitable or desired manner, as by a tapered end
screw 118 adjustably mounted in the outer end of the
spindle, which may be longitudinally split for adjustable
expansion by the tapered screw 118 to selectively lock
the bobbin in place thereon, and release the bobbh there-
from.

Any suitable braking means may be prov1ded for the
spindle %4 such as electromagrmetic, magnetic, mechan-
ical friction (iacluding friction disc and friction band
types), and viscous friction types. In the illustrated ex-
ample a brake drum 123 is suitably secured to the lower
end of spindle 114 'as by a spline or key connection 124
and a securing nut 125. A leather brake strap 127 is
disposed in peripheral wrap-around engagement with the
spindle brake drum 123 and has its ends secured as by
a securing screw 132 to an adjustably spring biased drum
12% mounted on an adjustment shaft 131. The adjust-
ment shaft 131 is connected to the cylindrical housing
drum 222 through a torsion spring 133, and is adjustably
mounted in a bushing 135 on the spindle rail 123. It will
be apparent that adjustment of the torsion spring 133
through the medium of adjustment shaft 131 will vary

the tension in the brake strap 127 and thus the degree

of braking force execrted on the spindle shaft 114. - Ro-
tation of adjustment shaft 131 may be accomplished as
through a knob 134 secured thereto, while retention of
the shaft in the desired angular position may be accom-
plished as by employing a tight friction fit between bush-
ing 135 and shaft 131 or by a set screw, ball detent, or
other suitable retention arrangement.

A relative traversing motion may be imparted to the
ring 103 and bobbin 100 by reciprocating either the ring
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tail 107 or the spindle rail 121 (or both). In the illus-
trated ‘embodiment ‘the ring rail is arranged for recipro-
catmg traverse movement and the spindle rail is station-
ary. To this end ring rail 107 is slidably mounted on
spaced apart guide bars 108 suitably secured to the frame
110 and has a cam follower arm 141 secured thereto,
which engages with a heart cam 143 fixed on shaft 144,
In order to maintain the follower 141 in engagement with
the heart cam 143 a flexible cable 157, having a depend-
ing weight W attached thereto, is entrained over a guide
roller 159 and secured to the ring rail.

Shaft 144 is rotatably driven by a worm wheel 145
thereon which is meshed with worm 147 on shaft 149,
vhich in turn is driven as by a belt or chain 151 mounted
in’ driving relaticn on toothed wheels 153 and 155 se-
cured respectlvely on shafts 50 and 249. The heart cam
143 is thus rotated in synchronism with the movement
of the remaining “elements of the combined system ‘and
serves to impart a reciprocating traverse motion to the
nng rail 107 and thus to the posmvely driven annular
ring 103.

1t will be noted that in order to accommodate the lat-

eral traversmg movement of trmlng beélt 95 as it follows
the traverse path of the annular ring 103, the timing belt
dnve gear 93 s elongated and forms a toothed drum en-
gaging in driving relation the timing belt 95 (as descrlbed
above).
" It will be readily apparent that while a single motor
drive is provided for the spmdle 15, feed roll arrange-
ment 45, and secondary twist and take-up arrangement
101, and such is the preferred and most advantageous
arrangement each of these portions of the apparatus
. might be driven from a separate source, if desired, so
long as each is mamtamed in synchronism wrth the other
as through the use of synchronous drive motors. Fur-
ther, it will be obvious that the various drive connections
mlght be effected in other and diffeernt ways than as il-
Iustrated; for example, one might utilize a greater pre-
ponderance of timing belt drive connections in order to
minimize or substantlally eliminate the varicus problems
encountered in direct high speed gear connections while
still maintaining positive drive couplings or the various
sections and parts thereof might be interconnected in dif-
ferent drive relationship (such as driving the shaft 82
through shaft 50, instead of taking the connection oﬁ at
shaft 74 as illustrated).

In a typical operation of the preferred embodxment
strand A is fed through the hollow spindle 18, in wrap-
around engagement with the wrap-around tension and
balloon control means 17, from which it proceeds in bal-
looned fashion by virtue of its linear travel and the cen-
tr1fuga1 throwing action of sprndle 15, through the equal-
izer capstan array 21 where is engages tractively in
wrap-around relation with metering capstan 23, proceed-
ing then to the ply’ pomt with a second strand B. The

second or inner strand B is fed upwardly past guide roller

43 and through the axial bore in the rotor 33, thence
over guide 34 and in tractive wrap-atound engagement
‘with metering capstan 25 and then to the ply point with
strand A.

The plied strand or cord AB is then fed at a constant
selected linear rate through axially disposed guide 44 by
means of the feed roll arrangemert 45 over which the
plied strand AB passes in tractive multiple wrap-around
relation. The primary twist imparted to the plied strand
AB may be varied as desired by suitably changing either
or both of the gears 3% or 63, and the direction of twist
may be facilely reversed through the reversal of motor
M and the removal of idler gear 61 and the adjustment of
swing arm 67 so as to mesh gear 59 with gear 63.

The plied strand AB proceeds at a constant rate from
the feed roll arrangement 45 to the & ondary twist and
take-up arrangement 161, where it is wound upon the
bobbin 100." In its travel from the rollers 47 of the feed
roll arranoement 45 the phed strand passes through ax1ar
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guide 97, then in a balloon about the bobbin 106 and
through the guide eye 111 in the ring 103, which is posx-
tively ‘fotated and  thus impaits a constani’ secondary
twist to the cord AB and to the individual component
strands A and B as the cord is wound onto the’ bobbin
100. It will be apparent that the plied cord AB ‘being
wound onto the bobbin 100 will cause the bobbin to ro-
tate against the action of brake strap 127 at an increasing
angular velocity as the strand package on the bobbin
increases, the instant bobbin velocity at any time being
the difference between the rate of rotation of annular
ring 103 and the quotient of the linear rate of feed of
cord AB divided by the instant circumférence of the cord
package at any particular time dufing the operation.
The amount of secondary twist added to or subfracted
from the plied cord AB and the individual strands A
and B therein may be readily varied as desired through
the changmg of éither the range gears 83, 85 or the fine
adjustmetit ‘gear 89, or both. The dlrectlon (i.e., addi-
tive or” subtractive) of secondary twist imparted by the
secondary twist arrangement 101 is determined by the
inclusion of or omission of the idler gear 91 in the
change gear arrangement 81 which is dependent in tuin
upon the direction of primary plying twist inserted by the
plying and intermediate feedmg sections. For instance,
with'the miotor M turning in the direction shown in Flgure
1,’and with idler gears 61 and 91 operatively connected in
their respectlve change gear arrangements, the plymg
section comprising spindle 15 and equalizer capstan 21
will form a cord having an’' S twist (PMT) therein the
magnitiide of which will be dependent upon the géar ra-
tios employed for ¢hange gears 5% and 63; while the sec-
ondary twist and take-up ring 183 will insert a Z twist
(SMT) in the cord AB and the component strands there-
of, thus in éffect addmg to the singles twist effect and
subtracting from the cord or cable twist effect resulting
from the plying action. By merely rémoving the idler
gear 91 the secondary twist and take-up section 101 will
impart an S twist to the cord AB in addition to the S
twist formed in'the cord AB by the plying section. To
obfain 'a Z twist (MT,) in the plying section and an 'S
twist (MT,) in the secondary twist and take-up sectron,
the motor M is reversed, idler gear 61 is removed and
idler gear 91 is utilized as shown. A Primary Machine
Twist (MT;) of Z direction with a Secondary Machine
Twist (MTy) of Z direction is obtained with both idler
gears 61 and 91 removed, and with the motor reversed
in direction from that shown. ‘Obviously, however, aTe-
versal gearing arrangement or other reversal arrange-
ment might be provided for reversing the direction of ro-
tation of spindle shaft 15 w1thout necessrtatmg reversal
of ‘motor M, if desired.

The ring rail 187 (which may suxtably be employed to
traverse a plurality of annular rings 163 for a correspond-
ing plurahty of similar ply-twist-wind positions) is trav-
érsed in a recrprocatmg fashion by the rotation of heart
cain 143 and the movement of cam Tollower 141 which
is mamtamed in contlnuous engagement therewith through
the action of welght \i on ring rail 197 and the fol-
lower 141,

The followmg typical examples illustrate typrcal vari-
ations in the factors” 1nvolved in makmg varlous cord
constructlons on an apparatus accordmg to the present
mvent10n ‘

Example 1

Cord Construction as wound onto bobbin: 1650 demer,
2 ply, rayon cord; 11.74 Z x 9.96 S

Supply Yarn: 1650 denier continuious filament, Du Pont
Type 258 Super, 720 ﬁlaments/strand havmg an OT
of 2.13 Z.

Ty=11.74 Z MT,=.854 S
Ty=9.96 S SDT=.76 Z
OT=2.13 Z CDT=.256 S
MT;=8.85 S
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Example i

Cord Construction: 840 denier, 2 ply, nylon cord
12.06 Z x 10.51 S
Supply Yarn: 840 denier continuous filament nylon, 34

filaments/strand, having an OT of .4 Z.

T,=12.06 Z MTy=1.135 Z
T,=10.51 S SDT=.14 Z
OT=4Z CDT=.125 §
MT;=11.52 S

Example 1

Cord Construction: 2200 . denier, 2 ply,
999 Zx9.018

‘Supply Yarn: 2200 denier continuous filament, Du Pont
_ Type 168 Super, having an OT of zero.

rayon cord;

T;=9.99 Z MTy=.426 Z
Ty=9.01 S SDT=.53 Z
OT=0 . CDT=.024 Z
MT;=9.46 S

_While the preferred and most advantageous arrange-
ment is embodied in the species combination employing
a ply-action equalizer array as illustrated, in which the
strands are plied fogether at a Y ply point, other out-
‘flow types of plying apparatus might be employed within
the scope of the generic invention provided, of course,
that the overall synchronous drive action is maintained
and that the positively driven annular ring twister and
.intermediate feed are employed; however, the singles
and cable differential twist factors may be different for
other plying apparatus as used in this overall system.

It will be apparent that many modifications and alter-
native embodiments may be made without departing from
the scope and spirit of this invention, and it is therefore
to be understood that the invention is not to be limited
by the illustrative embodiment shown herein, but only by
the scope of the appended claims.

I claim:

1. Cord forming and winding apparatus comprising
rotatable plying means for plying two strands together
under substantially constant tension; positively driven
rotatable twister take-up means including a spindle, a
rotatable annular cord twisting and winding ring disposed
in surrounding relation about said spindle; intermediate
cord feeding means operatively disposed in flow relation
between the output point of said rotatable plying means
and the input point to said take-up 'means; said drive
means being operatively synchronously connected to each
of said plying means, cord feeding means, and annular
ring, whereby a cord is formed having a selected sub-
stantially constant singles twist and ‘cord twist, means
adapted to effect longitudinal traversing motion between
said ring and said spindle, a ball bearing having an inner
and an outer race, said ring forming the inner race of
said bearing, said inner race being of longer cylindrical
length than the outer race of said bearing and forming a
longitudinal extension at each longitudinal end of said
outer race, one of said longiiudinal extensions having
gear teeth thereon, said drive means including a positively
acting connection to said gear teeth, and a cord guide
eye formed on the other of said extensions.

2. Apparatus according fo claim 1, wherein said gear
teeth are timing gear teeth, said positively acting con-
nection including a timing belt in operative engagement
with said gear teeth.

3. Apparatus according to claim 2, wherein said teeth
are bound laterally by two annular flanges, one being
formed at each longitudinal side thereof to prevent lateral
displacement of the timing belt from said teeth.

4, Cord forming and winding apparatus comprising
rotatable plying means for plying two strands together
under substantially constant tension; positively driven
rotatable twister take-up means including a spindle, a
rotatable annular cord twisting and winding ring disposed
in surrounding relation about said spindle; intermediate
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cord feedmg means operatively d1sposed in flow relatmn
between .the output point of said rotatable plying means
and the input point to said.take-up .means; and-drive
means operatively synchronously connected to each of
said plying means, cord feeding means, and annular ring,
whereby a cord is formed having a selected substantially
constant singles twist and cord twist, said plying means,
feeding means, and twister take-up means being disposed
in substantially vertical alignment one above the other,
said take-up spindle being disposed substantially horizon-
tally, said ring being rotatable about a substantially hori-
zontal axis coaxial with said spindle axis.

5. Cord forming and winding apparatus  comprising
rotatable plying means for plying two strands together
under substantially constant tension; positively driven
votatable twister take-up means including a spindle, a
rotatable annular cord twisting and winding ring disposed
in surrounding relation about said spindle; intermediate
cord feeding means operatively disposed in flow relation
between the output point of said rotatable plying means
and the input point to said take-up means; and drive
means operatively synchronously connected to each of
said plying means, cord feeding means, and annular ring,
whereby a cord is formed having a selected substantially
constant singles twist and cord twist, said plying means,
feeding means, and twister take-up means being disposed
in sequential ascending order as named one above the
other.

6. Cord forming apparatus comprising rotatable means
adapted to ply two strands together; means adapted to
advance the strands at a selected constant rate fo and
away from the ply point; twister take-up means for the
plied cord formed by plying said strands and comprising
a positively driven annular ring having a strand - guide

‘thereon for reception and twisting of said plied cord as

it proceeds therethrough, a take-up spindle rotatably dis-
posed within said ring, a brake adapted to retard rotation

-of said spindle; and means for synchronously driving said

rotatable plying means, advancing means, and rotatable
ring, whereby a plied construction of desired singles and
cord twist is formed, said brake comprising a brake band,
a brake drum on and rotatable with said spindle and
engaged by said band, a brake adjusiing shaft laterally
offset from said spmdle, and a resilient connection be-
tween said band and said shafi.

7. Ply action and twisting apparatus comprising a rotat-
able shaft having a longitudinal bore and a transverse
bore formed therein and connecting between two spaced
apart exterior points on the periphery of said shaft, first
and second strand equalizer metering capstans mechan-
ically intercoupled for synchronous rotation each about
an axis canted with respect to each other and about a
common axis coaxial with the axis of said shaft, strand
guiding means disposed beiween said capstans and- co-
axial with said common axis, a take-up spindle, brake
means for said take-up spindle, a ring rail, an annular
ring rotatably mounted on said rail and in surrounding
relation about said spindle, a strand guide on said ring,
means for traversing said rail and ring lomgitudinally
along said spindle, strand feeding means disposed in
flow relation between said equalizer, metering capstans
and said annular ring and take-up spindle, and means {for
driving said shaft, feeding means and ring in synchronous
relation one with the other.

8. Apparatus according to claim 7, further comprlsmg
a strand guide axially ahgned with and axially spaced
from said spindle.

9. Apparatus according to claim 7, wherein said rotat-
able shaft and associated metering capstans, said feeding
means, and said spindle are disposed in sequential order
one above the other.

10. Strand plying and twisting apparatus comprising
means adapted to throw a balloon of a first strand -about
a source of supply for a second strand; means for metes-
ing said strands {0 a ply point each at substantially the

1
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same rate and tension; strand feed means arranged in
subsequent flow relation to said ply point and adapted
to positively feed said strand away from said ply point;
and twisting and take-up means disposed in subsequent
flow relation to said feed means, said twisting and take-
up means comprising rotatable means for receiving the
plied and twisted combined strands, a rotatable annular
ring surrounding said receiving means and having a strand
guide eye thereon; means for traversing said ring along
said receiving means; and means adapted to positively
drive said ballcon throwing means, strand feed means
and ring in synchronous relation with each other.

11. Apparatus according to claim 10, wherein said
drive means comprises a single motor and timing drive
belts operatively connecting said motor to each of said
balloon throwing means, strand feed means, and ring.

12. Apparatus according to claim 10, wherein means
are provided for selectively varying the synchronous rela-
tion of said balloon throwing means, strand feed means
and ring.

13. In combination a generally vertically disposed ply-
ing spindle and a twister take-up spindle arrangement
having a horizontal take-up axis disposed vertically above
said plying spindle, said plying spindle axis being verti-
cally inclined, said take-up spindle axis extending in sub-
stantially the same direction horizontally as the horizon-
tal component of inclination of said plying spindle axis.

14. Apparatus for twisting and winding a strand com-
prising a take-up spindle, a ball bearing having an inner
end an outer race, said inner race forming a cord twisting
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and winding ring disposed in surrounding relation about
said spindle, said inner race being of longer cylindrical
length than the outer race of said bearing and forming a
longitudinal extension at each longitudinal end of said
outer race, one of said longitudinal extensions having
gear teeth thereon, and a cord guide eye formed on the
other of said extensions.

15. Apparatus according to claim 14 further including
drive means having a positively acting connection to
said gear teeth, said drive means including a rotatable
drum having longitudinally extending teeth formed about
the periphery thereof along its longitudinal axis and a
toothed belt conmnection between said gear drum and
said gear teeth on said inner race of said bearing, and
means for effecting relative reciprocal motion between
said ring and said drum along a path parallel to the axis
of said drum and said spindle.
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