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2.114.496

' METHOD OF AND APPARATUS FOR COM-
BINING STRANDS

Herbert 8. Keating, North Plainfield, N. J., as-
signor to Western Eleciric Company, Incorpo-
rated, New York, N. Y., a corporation of New

York

Application Juiy 9, 1936, Berial No. 89,814
27 Claims. . (CL 117—34)

This invention relates to a method of and ap-

paratus for combining strands and more par- -

ticularly to a method of and apparatus for inter-
twisting strands with predetermlned cyclic varia-
§ tions of lay.

In the manufacture of electric cables. especially
such as are used in the communications arts, it
may in some cases be desirable to adjust the
capacitance relation or properties of individual

10 strands with respect to other individual strands.
This is accomplished in some instances by con-
necting to the pair of the strands in question a
length of a pair of tightly coiled mutually in-
sulated strands.’ One method of manufacturing

18 such capacitance balancing units, as they may be
called, is to intertwist two appropriate stiands in
suclr fashion that they are twisted together, with
- » non-conductive core strand, with a very short
. pitch of lay in a close double helix for a prede-

zo termined distance and then for another predeter-

mined distance with a very long or practically no -

twist. The closely twisted portions may then be
cut apart at some point between for use.

An object of the present invention is to pro-

28 vide a method of and an apparatus for inter-
twisting two or more strands with or without a
core strand in such fashion as to produce a re-
peated sequence of two or more portions having
lays of different pitch.

30 With the above and other objects in view one
embodiment of the invention comprises means
to advance longitudinally a plurality of strands
and rotary means to intertwist- the strands in
combination with means to cyclically vary in pre-

35 determinable fashion the ratio of the linear speed
of longitudinal advance of the strands to the an-
gular speed of the rotary twisting means.

Other objects and features of the invention will
appear from the following detailed description of
one embodiment thereof taken in connection with
the accompanying drawings in which the same
reference numerals are appended to identical
parts in the several flgures and in which

Fig. 1 is a diagrammatic representation of an
apparatus constructed in accordance with the in-
vention;

Fig. 2 is an enlarged view in central longitudi-
nal section of the compacting device;

Fig. 3 is an end view of the rotary member
thereof;

Fig.41s a view of one product of the apparatus
of Fig. 1;

Pig. 5 is a right hand side enlarged elevation

85 of the commutator of the apparatus of Fig. 1;

Fig. 6 is a sectional view thereof on the une
¢—8 of Fig. 5;

Pig. 7lsaviewum.uartomg 1 of a modified
form of dpparatus, and

Pig. 8 is a view of a product of the apparatus of |
Mg 1.

The apparatus dlsclom in'¥g. 1 comprises a
core supply.20, a rotatable conductor supply and
twisting unit 30, a capstan and take-up unit 86,
and a driving and speed control unit. §0. .

The core supply device 20 may be any approved
and well known means to support a spool or reel
21 having a supply of a core strand [0 wound
thereon. The device itself is not shown in de-
tail as many such are well known in the art. 15

The unit 38 comprises a disk shaped base 31
mounted in any suitable fashion, not shrown, to
be rotatable about its axis. < Two conductor
strand supply reels 32 and 33 are mounted on the
base 31 to be rotatable thereon and to revolve 20
therewith about the axis thereof. These reels
carry. supplies of insulated conductor strands {1
and 12 respectively, which are combined by the
apparatus into a compound strand {4 in which
the strands i1 and 12 are twisted together about' 25
the substantially straight strand 10. A cylindri- .
cal male twisting member 34 having a conical
head 38 and an axial bore 36 is mounted rigidly
and coaxially on the base 31 which has a central -
aperture to communicate with the bore 36. The 30
conical outer face of the head 38 is also formed
with a pair of radial grooves 37 and 38. The
strand 10 passes through the bore 88 and is met
at the apex of the head 38 by the strands i
and 12 which lie in the grooves 37 and 38 re- 35
spectively. A drag device 28, of any appropriate
construction, acts to retard rotation of the disk
3.

" A generally cylindrical or prismatic female
twisting member 40 is rigidly and immovably 40
supported by any appropriate means not shown
to be coaxial with. the member 34 and to receive
the conical head 38 in a correspondingly conical
recess 41 formed in its end. ‘An axial bore 42 in"
the member 40 forms in effect an extension of the 45
bore 36 and permits passage to the compound
strand 14. A recess or radial slot 43 formed in
one side of the member 40 communicates with
the bore 42 and houses a pair of fixedly posi-
tioned, rubber covered, rotatable rolls 44 and 45, 50
Opposite the slot 43 is a corresponding slot 46
housing a third rubber covered roll 47 rotatably
mounted on a lever 48 pivoted at 49 to let the roll
47 be movable toward and from the rolls 44 and
48, and urged toward them by a spring 39. These 55
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rolls grip the compound strand between them to
prevent it from rotating under the twisting effect
at the apex of the head 38, _

The capstan and take-up unit §0 may be of any
well known and approved construction.

The drive and control unit 60 comprises a series
wound D. C. motor 81 to drive the twisting unit
30, a solenoid actuated brake device §2 to stop
the twisting unit, a constant speed motor €3 to
drive the capstan at invariant speed and thus to

advance the core strand I8 and its associated

conductor strands {i and 12 at constant linear
speed through the apparatus, an adjustable re-

duction gear 64 driven by the motor $8 and driv-_\

ing a control shaft §8.

The motor 63 is connected directly across the
main input power lines 101 and 182 and thus
runs continuously so long as the main control
switch 103 is closed. One terminal of the motor

81 is directly conected to the line 104, The other

{s connected through an adjustable rheostat 66
and a wire 67 to a contact arm €8 mounted on
and rotatable with the shaft 8. Opposite the
contact arm 68 and coaxial therewith is a sta-
tionary disk 69 (Figs. 5 and 6) of insulating ma-
terial having secured to the face thereof next
to the contact arm a plurality (here twelve) of
segmental metallic contacts 70, insulated from
each other by the plate 69 and by air gaps. The
end of the arm 68 is formed to wipe over the seg-
ments 10 as the shaft 65 turns.

.On the other face of the disk 69 is a concentric
plurality (here five) of metallic rings Ti. Holes
712 are bored along the central radius of each
segment 10 through each segment and each ring.
A metallic pin 73 may be thrust into the appro-
priate one of these holes to connect any given
segment with any given ring, and by using a plu-
rality of pins 13 the segments and rings may be

interconnected in any desired manner: A resist-

ance T4 has one end 15 connected to the outermost
ring 11 and its other end 76 connected to the in-
nermost ring 71, Sliding contacts 17, two less in
number than the number of rings Tl are con-
nected in sequence respectively to the interme-
diate rings 71 between the innermost and outer-
most rings T.

The terminal 18 is also connected through the
solenoid 62 to the line 101, and to one side of a
tilting switch 78 the other side of which is di-
rectly connected to the line 102. The switch 18
is positively operated to open and to close respec-
tively by cams 79 and 808 adjustably mounted on
the shaft 65.

Assuming now that the machine is in the gen-
eral position shown in Fig. 1, let the main switch
103 be closed. The motor 63 then drives the
capstan and take-up 50 at constant speed pro-
pelling the strand 14 at constant linear ‘speed
thereof. to the right. The switch 18 being open
current can pass neither to the motor 61 nor
through the solenoid of the brake §2. The disk
31 therefore is not now driven by the motor €1
and is additionally held stationary by the brake
62. Hence a length of the strands 10, If and 12
is drawn from the member 48 in an untwisted

- state as shown at I8 in Fig. 4.

The cam 19 releases the switch 78 which is now
closed by the cam 80. Current then flows from
the line 102 to the terminal 75 and thence through
the switch 18 to energize the solenoid of the brake
62 and back to the line 10f. Hence the brake
releases the disk 31, At the same time current
flows from the terminal 15 into the resistance 14
and thence to the several rings 71, Various pins
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13 being in the positions shown in Figs. 5 and 6,

current will pass from the outermost ring T4

into the segments 10 indicated at A—B, B—C and

C—D, and from segment A—B info the contact

or commutator arm 88, whence it flows via wire
87 and rheostat 66 to motor 81 and so to the line
181. The motor 6l thereupon begins to drive
the disk 31 at a constant and relatively high rate
of speed against the action of the drag 29, and so
causes the conductors 11 and 12 to twist about
the core 10 into the relation shown in Fig. 4 at
16. The speed of the motor &1 at this time is
not. affected by the resistance 14 but is fixed by
the adjustable rheostat 66 at a value which in
connection with the constant speed of the motor

63 driving the unit 58 will produce the extremely

short pitch of twist shown at {§.

This state of affairs will continue while the con-
tact arm 88 sweeps over the three segments 10
from A to D. The next two segsments 18 from
D to E and from E to F' are connected by pins 13
to the second ring 71 from the outside and not
to any other ring. This causes current to pass
from terminal 15 through the first section of
the resistance 74 and the first sliding contact 17
to the second ring 71 and thence to the D—F
segments 18 and so to the motor €1. The re-
sistance thus cut into the motor circuit causes
the latter to slacken speed and to allow the twist-
ing device to slow a trifle under the effect of the
drag 29.

Since the speed of longitudinal advance of the
strands remains unchanged as the motor €3 is
not affected, the result is that the next length of
strand {4 will show s somewhat longer pitch,
as indicated at 17 in Fig. 4, until the contact arm
68 leaves the E—F segment T4. .

The F—G segment 10 is connected by & pin 13
to the next to the last ring Tl and hence while
the contact arm sweeps over this segment 18, the
first three sections of the resistance T4 are cut

10

15

into the twisting head motor circuit and the

twisting speed correspondingly reduced to ‘pro-
duce a relatively long pitch section I8 of strand.

In analogous fashion the sections from G to
Lin PFig. 4 are produced as the contact arm sweeps
over the segments 18 from G to L in Fig. 5. Seg-
ments 10 from L to M and M to A are not con-
nected to any ring 71, hence while the contact
arm 68 sweeps over these segments no current
can pass to the motor §f and an untwisted sec-
tion 18 of strand is produced, after which the
entire cycle of operations is automatically re-
peated until the main switch 103 is opened.

For the above mode of operation, the cams 19
and 80 are set to open and close the switch 718
as the contact arm 68 enters segment 10 from L
to M and leaves segment 710 from M to A, so
that for this mode of operation the switch is
supererogatory. However to produce the product
shown {n Fig. 8, pins 13 may be inserted to con-

nect all the segments 70 with one and the same

one of therings 71. The apparatus will then pro-
duce & strand having alternating twisted and
parallel portions, the relative lengths depending
on the adjustment of the cams T9 and 80 and the
pitch of the twisted. portions depending upon
which ring 1/ is connected to the segments 70.

A simflar result may be accomplished by re-
moving the cams 19 and 80, locking the switch
18 closed, and then connecting an appropriate
number of the segments 70 all to the appropriate
ring T1.

By removing the cams T8 and 80, locking the

70

switch 18 closed and inferconnecting all the seg- y5
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ments 'appiopriately with the rings, a product
may be produced analogous to that shown in
Fig. 4 but without any parallel portion.

It will be noticed in Fig. 4 that in the open lay
parts of the strand (4 from D to L, the two strands
fl and 12 lie closely abutted together with a
spiral open space between the turns of the double
helix thus formed, and this in spite of the fact
that -the twisting or serving head 3§ leads the
cover strands {1 and 12 to the core strand 10
from symmetrically opposite sides of the latter.
Because of the inherent variability of material
things, the supplies 32 and 33 will differ in the
resistance which they offer to permitting the
cover strands ti and {2 to be drawn off. Hence
the opposed tensions of the strands- ! and (2
on the strand 10 at the twisting point between
the outlet of the bore 36-and the entrance to the
bore 42 will be slightly unequal in practice and
the actual twisting point will be drawn a trifle
out of line (either up or down in Fig. 2 accord-
ing as the tension of strand {{ is a little greater
or less than that of strand 12). ‘Because of this
fact, the two strands {1 and 12 are served on the
core [0 as shown instead -of dividing the longi-
tudinal space along ‘the core 19 evenly between
them.

For the manufacture of capacitance balancing
units it may be an advantage to have the two
conductors thus' closely juxtaposed throughout
their coiled length. - However, if for other pur-
poses it be desired to distribute the turns of the
conductors along the core with equal interspaces,
this may obviously be accomplished by- making
thé bore 42 of such diameter, particularly at the
entrance of the bore, as to fit the strand 14 so
closely as not to permit any displacement; of the
winding point. - Then the conductor strands 11
and 12 will be served on the core strand 10 in
a symmetrical fashion to form equi-spaced coils.
- In any event the successful operation of the
apparatus-disclosed is materially enhanced by the
close and accurate control of the several strands,

" both' individually and collectively, ‘immediately

before, at, and immediately behind. the winding
point, exercised by the members 35 and 4{, the
grooves 37 ahd 38, the bores 36 and 42, and the
rolls 45 and 41. Such-control exercised by such
or equivalent apparatus appears to be an im-
portant auxiliary to the general procedure and
apparatus.

PFurthermore, if the supplies 82 and 33 be
mounted on the disk 31 side by side instead of
diametrically opposite, and if the grooves 371 and
38 be positioned correspondingly near together
instead of diametrically opposite, the close ap-
position of the turns of the two cover strands |1
and 12 on the core strand {0 with interspaces be-
tween the twin turns will be positively enforced.
Also more than two supplies may be mounted on
the disk 3!, symmetrically or unsymmetrically
spaced therearound, and a corresponding num-
ber of guide grooves (such as 37 and 38) may be
made in the head 35; ’andv,.thus any reasonable

number of cover strands may be served on the

core strand with their respective turns distributed
along: the core strand in- any desired predeter-
mined fashion.

The appa.ratus shown in Fig. 7 is & simpler form
adapted to produce only the type of product
shown in Fig. 8. Here the units 20 .and 30 are
the same as before. The capstan and take-up
unit (50 has the same function as the unit 59,
but the capstan is here shown as a pair of rubber

3

faced rolls or sheaves 151 and. i52; the roll 18§
being driven by the motor 63, and the two rolis
pressing the strand (4 between them to draw it
along. The unit 50 might however be-equally
well substituted for the unit 50.

On the side of the sheave 152 and: insulated
therefrom in any suitable manner is rigidly
mounted a partial slip ring {10 and a complete
slip ring {71 connected by a conductor 173. A
stationarily supported brush (68 is connected to
the line 102 and wipes over the ring 170. A sim-
ilar brush 175 wipes over the ring 111 and is con-
nected by a wire 67 to one terminal of the solenoid
of the brake 62 and to one.terminal of the motor
61. The other terminals of the brake solenoid and
of the motor 61 are connected to the line 10{.
The motor 63, as before, is connected dlrectly
to the lines 101 and 102. :

With the parts in the position shown in Fig. 7,
if the main switch 103 be closed, the motor §3
starts at once to draw the strand 14 along toward
the right at constant linear speed and to rotate
the rings 170 and (1{ clockwise.

ductor 113, ring 171 and wire 67 to the solenoid

_of the brake 62 and to the motor 61, and thence

to the line f01. The solenoid being thus ener-
gized causes the brake to release the disk to be
driven by the motor 61. This state of affairs
corresponds to one of the points P in Fig. 8 and
continues until the whole of the partial ring 170
has passed under the brush 168, during which
time the twisted portion 16 of the product shown
in Fig.'8 beginning at the particular point P is
produced. The trailing' end of the partial ring

- 110 corresponds to the point Q of Fig. 8. At this

time the circuits of the brake solenoid and of the
motor 61 are broken by the ring 170 leaving the
brush (68. The motor 61 and twisting unit 30
are stopped by the brake 62, and this state of

10

15

Current flows .
from the line 102 via brush (68, ring 170, con--

30

affairs continues until the leading end of the ring -

{70 again reaches the brush 168. During this
interval an untwisted or parallel portion #5°of
the strand !4 is produced. The above process
then repeats itself cyclically as long as the switch
103 is closed. =~

It will be clear from the above disclosures that
importantly characteristic features of the inven-
tion are the- controlled varistion of the ratio of
the speed of the linear advance of the strand 14
to the angular speed of the unit 30 and in par-
ticular the arrangement. and method in which
the linear speed of the strands is held constant
while the angular speed of the twisting is cycll-
cally varied.

" The above disclosed embodiments of the inven=
tion are illustrative only and may be modified
and departed from in many ways without de-
parting from the spirit and scope of the inven-
tion as pointed out in and limited only by the
appended claims.

What is claimed is: o

1. A method of combining strands which com-
prises the steps of advancing a plurality of strands
longitudinally at constant linear speed, and in-
tertwisting the strands together, while varying
the angular speed of bwistlng whereby the pitch
of twist of the intertwisted strands may be varied
from a short pltch to a pitch of substantially any
magnitude.

2.-A method of combining strands which comi-
prises the steps of advancing a plurality of
strands longitudinally at constant linear speed,
and intertwisting the strands together, while

55

65

70
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whereby the pitch of twist of the intertwisted
strands may be cyclically varied from a short
pitch to a pitch of substantially any magnitude.

3. In a strand handling apparatus, means to-

advance g plurality of strands longitudinally at
constant linear speed, and rotary means to inter-
twist the strands together, in combination with
means to vary the angular speed of the twisting
means whereby the pitch of twist of the inter-
twisted strands may be varied from a short pitch
to a pitch of substantially any magnitude.

4. In a strand handling apparatus, means to
advance a plurality of strands longitudinally at
constant linear speed, and rotary means to inter-
twist the strands together, in combination with
means to cyclically vary the angular speed of the
twisting means whereby the pitch of twist of the
intertwisted strands may be cyclically varied from
a short pitch to a pitch of substantially any mag-
nitude.

5. In a strand handling apparatus, a stationary
core supply, & rotatable support, a strand supply
mounted on the support to be revolved thereby, a
twisting member mounted on the support to be
rotated thereby to twist a strand drawn from the
strand supply about & core drawn from the core
supply, a product advancing means to advance
the combined core and strand, & constant speed
n.otor to drive the advancing means, & motor to
drive the support, and a commutator device to
vary the speed of the support driving motor.

6. In a strand handling apparatus, a stationary
core supply, a rotatable support, a strand supply
mounted on the support to be revolved thereby, a
twisting member mounted on the.support to be
rotated thereby to twist a strand drawn from the
strand supply about a core drawn from the core
supply, a product advancing means to advance
the combined core and strand, a constant speed
motor to drive the advancing means, a motor to
drive the support, and a commutator device to
cyclically vary the speed of the support driving
motor.

7. In a strand handling apparatus, a stationary
core supply, a rotatable support, a strand supply
mounted on the support to be revolved thereby, a
twisting member mounted on the support. to be
rotated thereby to twist a strand drawn from. the
strand supply about a core drawn from the core
supply, & product advancing means to advance
the combined core and strand, a constant speed
motor to drive the advancing means, a motor to
drive the support, and a commutator device driv-
en by the constant speed motor to vary the speed
of the support driving motor.

8. In a strand handling apparatus, a stationary
core supply, a rotatable support, a strand supply
mounted on the support to be revolved theréby, a
twisting member mounted on the support to be
rotated thereby to twist a strand drawn from the
strand supply about a core drawn from the core
supply, a product advancing means to advance
the combined core and strand, a constant speed
motor to drive the advancing means, a motor to
drive the support, and a commutator device driv-
en by the constant speed motor to cyclically vary
the speed of the support driving motor.

9. In a strand handling apparatus, a stationary
core supply, a rotatable support, a strand supply
mounted on the support to be revolved thereby, a
twisting member mounted on the support to be
rotated thereby to twist a strand drawn from. the
strand supply about a core drawn from the core
supply, a product advancing means to advance

2,114,496
cyclically va.rylng the angular speed of twisting -

the combined core and strand a constant speed
motor to drive the advancing means, a motor to
drive the support, a commutator device driven by
the constant speed motor to vary the speed of the
support driving motor, and an adjustable-speed
transmission device between the constant speed
motor and the commutator device.

10. A method of combining strands which com-
prises the steps of advancing a core strand longi-
tudinally past a winding point, leading a plurality
of cover strands to the core strand at the winding
point, revolving the cover strands about the core
strand to be wound thereon, and controlling lat-
eral displacement of the winding point to control
the relative distribution of the cover strands on
the core strand.

11. A method of combmlng strands which com-
prises the steps of advancing a core strand lon-
gitudinally past a winding point, leading a plu-
rality of cover strands to the core strand at the
winding point, révolving the cover strands about
the core strand to be wound thereoh, varying the
ratio of the linear speed of the core strand to the
angular speed of the cover strands at the wind-
ing point to vary the lay of the cover strands on
the core strand, and controlling lateral displace-=
ment of the winding point to control the rela-
tive distribution of the cover strands on the core
strand.

12. A method of combining strands which com-
prises the steps of advancing g core strand lon-
gitudinally past a winding point at constant linear
speed, leading a plurality of cover strands to the
core strand at the winding point, revolving the
cover strands about the core strand to be wound
thereon, varying the angular speed of the cover
strands to vary the lay of the cover strands on
the core strand, and controlling lateral displace-
ment of the winding point to control the relative
distribution. of the cover strands on the core
strand. .

13. In a strand handling apparatus having
means to advance a plurality of strands longi-
tudinally, and means to intertwist the strands to-

gether, in combination with means to vary the

ratio of the linear speed of advance of the strands
to the angular speed of the twisting means, a
twisting device comprising a member having a
working face thereon and formed with a cover
strand guiding groove in the working face and
with g core strand guiding bore intersecting the
working face, and a second member having a
working face thereon complementary to thé first
named working face to retain in place a cover
strand positioned in the said groove and the sec-
ond ‘member also being formed with a bore po-
sitioned coaxially with the first named bore to
receive a combined core strand and cover strand,
one of the two members being rotatable rela-
tively to the other about the common axis of
their two bores to serve the cover strand on the
core strand.

14. In a strand handling apparatus having
means to advance a plurality of strands longi-
tudinally, and means to intertwist the strands
together, in combination with means to vary the
ratio -of the linear speed of advance of the
strands to the angular speed of the twisting
means, a twisting device comprising a member
having a working face thereon and formed with
a cover strand guiding groove in the working
face and with g core strand guiding bore inter-
secting the working face, and a second member
having a working face thereon complementary to
the first named working face to retain in place
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& cover strand positioned in the sald groove and
the second member also being formed with a bore
positioned coaxially with the first named bore to
recelve a combined core strand and cover strand,
the first named member being rotatable rela-
tively to ‘the second member ahbout the common
axis of their bores to serve the cover stra.nd on
the core strand.

15. In a strand handling apparatus having
means to advance a plurality of strands longi-
tudinally, and means to intertwist the strands
together, in combination with means to vary the
ratio of the linear speed of advance of the strands
to the angular speed of the twisting means, a
twisting device comprising & member having &
working face thereon and formed with a cover
strand guiding groove in the working face and
with a core strand guiding bore intersecting the
working face, and a second member having a
working face thereon complementary to the first
named working face to retain in place a cover
strand positioned in the said groove and the sec-
ond member also being formed with a bore posi-
tioned coaxially with the first named bore to re-
ceive a combined core strand and cover stand, one
of the two members being rotatable relatively to
the other about the common axis of their two
bores to serve the cover strand on the core strand,
and the bore of the second member being sub-
stantially of the same diameter as the served core
to prevent lateral displacement of the winding
point.

16. In a strand handling apparatus having
means to advance a plurality of strands longi-
tudinally, and means to intertwist the strands
together, in combination with means to vary the
ratio of the linear speed of advance of the strands
to the angular speed of the twisting means, &
twisting device comprising a member having a
working face thereon and formed with a cover
strand guiding groove in the working face and
with a core strand guiding bore intersecting the
working face, and a second member having a
working face thereon complementary to the first
named working face to retain in place a cover
strand positioned in the said groove and the sec-
ond member also ‘being formed with a bore po-
sitioned coaxially with the first named bore to
receive a combined core strand and cover strand,
one of the two members being rotatable rela-
tively to the other about the common axis of
their two bores to serve the cover strand on the
core strand, and the bore of the second member
being substantially larger than the diameter of
the served core whereby the winding point may
be laterally displaced.

17. In a strand handling apparatus a serving
head comprising a member having a working face
thereon and formed with a cover strand guiding
groove in the working face and with s core strand
guiding bore intersecting the working face, a sec-

ond member having a working face thereon com- .

plementary to the first named working face to
retain in place a cover strand positioned in the
sald groove and the second member also being

"formed with a bore positioned coaxially with the

first named bore to receive a combined core
strand and cover strand, and means within the
second member to prevent rotation of the served
core relative to the second member, the first
named member being rotatable relatively to the
second member about the common axis of their
bores to serve the cover strand on the core strand.

18. In a strand handling apparatus a serving
head comprising & rotatable member having a

convex conical ‘head formed with & strand gulde
groove therein and having an axial bore co-
axlal with the conical surface, and & fixed mem-
ber having a concave conical surface -comple-
mentary to the said conical head and juxtaposed
thereto to retain a strand positioned in.the said
groove therein and having an-axial bore coaxial
with the concave conical surface anhd with the
first named bore.

19. In a strand handling apparatus a serving
head comprising a rotatable member having a
convex conical head formed with a strand guide
groove therein and having an axial bore coax-
ial with the conical surface, a fixed member hav-
ing a concave conical surface complementary to
the said conical head and juxtaposed thereto to
retain ‘a strand positioned in the said groove
therein and having an axial bore coaxial with the
concave conical surface and with the first named
bore, and means in the bore of the fixed mem-
ber to prevent rotation relative to the fixed
member of a strand passing through the bore of
the fixed member.

20. In a strand handling apparatus, means to
advance a plurality of strands longitudinally, ro-
tary means to intertwist the strands together,
means to drive the advancing means at constant
speed, means independent of said driving means
to drive the intertwisting means, and means to
vary the speed of the last named driving means.

21, In a strand handling apparatus, means to
advance a plurality of strands longitudinally, ro-
tary means to intertwist the strands together,
means to drive the advancing means at constant
speed, means independent of said driving means
to drive the intertwisting means, and means to
vary the speed of the last named driving means
without affecting the speed of the first named
driving means.

22. In a strand handling apparatus, a stationary
core supply, a rotatable support, a strand supply
mounted on the support to be revolved thereby,
a twisting member mounted on the support to be
rotated thereby to twist a strand drawn from
the strand supply about a core drawn from the
core supply, & product advancing means to ad-
vance the combined core and strand, a constant
speed means to drive the advancing mesns, means
to drive the support, and means to vary the speed
of the support driving means.

23. In a strand handling apparatus, a station-
ary core supply, a rotatable support, a strand
supply mounted on the support to be revolved

thereby, a twisting member mounted on the sup-

port to be rotated thereby to twist a strand drawn
from the strand supply about & core drawn from
the core supply, a product advancing means to
advance the combined core and strand, a constant
speed motor to drive the advancing means, a
motor to drive the support, and a device to vary
the speed of the support driving moteor. )
. 24, In a strand handling apparatus, a rotatable
support, a plurality of strand supplies mounted
on the support to be revolved thereby, a twisting
member mounted on the support to be rotated
thereby to intertwist strands together drawn from
the plurality of supplies, a product advancing
means to advance the intertwisted strands, a con-
stant speed means to drive the advancing means,
means independent of said driving means to drive
the support, and means to vary the speed of the
support driving means.

25. In a strand handling apparatus, a rotat-
able support, & plurality of strand supplies mount-
ed on the support to be revolved thereby, a twist-
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ing member mounted on the support to be rotated
thereby to intertwist strands together drawn from
the plurality of supplies, a product advancing
means to advance the intertwisted strands, a con-
stant speed means to drive the advancing means,
means independent of said driving means to drive
the support, and means to cyclically vary the speed
of the support driving means.

26. In a strand handling apparatus, a core
strand supply, a plurality of cover strand supplies;
means to lead the cover strands to the core strand
at a winding point, means to revolve the core
strands about the cover strand to be wound there-
on, means to advance the combined strands from
the winding point, and means to control lateral
displacement of the strands at the winding point

2,114,496

for controlling the relative distribution of the
cover strands on the core strand.

27. In a strand handling apparatus, a core
strand supply, a plurality of cover strand sup-
plies, means to lead the cover strands to the core
strand at a winding point, means to revolve the
core strands about the cover strand to be wound
thereon, means to advance the combined strands
at constant linear speed from the winding point,
means to vary the angular speed of the cover
strands about the core strand to vary the lay of
the cover strands.on the core strand, and means
to control lateral displacement of the strands at
the winding point for controlling the relative dis-
tribution of the cover strands on the core strand.
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