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5711 ABSTRACT

A pair of transversely aligned arbors are rotatably can-
tilevered at opposite ends of a vertically disposed ro-
tatable turret. Each arbor is provided with a plurality
of internally floating, cam-operated mechanisms for

locking a take-up reel thereon. Independent drive
mechanisms drive the reels separately at varying
speeds. A snagger device is cantedly mounted on the
cantilevered end of each arbor for rotation therewith
and extends a radial distance slightly greater than the
adjacent flange of the reel thereon to oscillate be-
tween two points coplanar with respect to the inner
and outer surfaces of the flange, respectively. A dis-
tributor adjacent to one of the reels actively taking up
the strand is provided with a reversible drive screw for
driving a traversable strand guide controlled alter-
nately by a stationary limit switch adjacent to the reel
flange associated with the snagger and a rectilinearly
movable limit switch mounted on a second drive screw
and normally positioned adjacent to the opposite reel
flange. Prior to cutover from a full reel to an empty
reel, when a footage counter indicates that a length of
strand approximating one layer of convolutions
thereof remains to be taken up: (a) the turret is ro-
tated 180° to position an empty reel between the dis-
tributor and the nearly full reel; and (b) the second
drive screw is actuated to move the movable limit
switch toward the stationary limit switch at the tra-
verse speed of the strand guide. The limit switches
continue to control the reversal of the first drive
screw. When the remaining length of strand is taken
up and the advancing strand is traveling close to the
inside flange of the empty reel, the snagger associated
therewith is thrust into the path of the strand to grip
and sever its connection to the full reel and to com-
mence winding thereof upon the empty reel. The full
reel is replaced by an empty reel to await the next cut-
over operation.

10 Claims, 27 Drawing Figures
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METHODS OF AND APPARATUS FOR
CONTINUOUSLY REELING STRAND MATERIAL
This is a division, of application Ser. No. 150,283
filed June 7, 1971, now U.S. Pat. No. 3,701,471.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods of and ap-
paratus for continuously reeling strand material and
more particularly to methods of and apparatus for tak-
ing up a continuously advancing strand automatically
onto a pair of take-up reels releasably secured to a pair
of transversely aligned arbors rotatably mounted in
cantilever fashion on a centrally pivotable turret.

2. Description of the Prior Art

In the manufacture of strand material, for example,
plastic insulated conductor wire, a finished insulated
wire is directed continuously from an extruding process
at a substantially constant linear speed. In order that
the extrusion process may continuz without interrup-
tion, it is common practice to take up the finished wire
onto successive or alternate reels of a strand-reeling ap-
paratus.

When a predetermined length of insulated wire has
been wound upon one of the take-up reels, the advanc-
ing wire is transferred to an empty take-up reel without
interrupting the advancement of the wire emerging
from the extruding apparatus. When the reels are
aligned transversely, i.e., for rotation about spaced par-
allel axes, a snagger device may be mounted for rota-
tion adjacent to a flange of each reel. To accomplish
transfer of the wire from a full reel to an empty reel or
cutover, as it is called, relative movement must occur
between the snagger associated with the empty reel and
the insulated wire for the former to intercept, sever and
capture the latter for subsequent take-up on the empty
reel. During this cutover operation it is desirable to
avoid a sudden diversion of the path of the wire into the
snagger since the stress produced in the wire, especially
if it is being advanced at high speed, may be sufficient
to cause the wire to break before snagging occurs. For
the same reason it is desirable to avoid subsequent con-
tact between a later advanced section of the wire and
the snagger after cutover to the empty reel has oc-
curred. In this connection the relative movement be-
tween the advancing insulated wire and the snagger
must be kept to a minimum. It follows, therefore, that
cutover should occur when the wire is closest to the
flange of the empty reel adjacent to the snagger. This
has been considered the most favorable position for
transfer of the wire.

One method of assuring that a wire will be in a favor-
able position for transfer is to cause the distributor to
remain in a fixed position adjacent to the flange of the
reel associated with the snagger when the reel taking up
the wire is almost full. The use of this method, however,
involves the risk of wire tangling and breakage due to
the occurrence of wire pile-up at the flange.

Another method of assuring that a wire will be in a
favorable position for transfer is to cause the stroke of
the wire distributor to be shortened to a path lying to-
wards the flange adjacent to the snagger at a time im-
mediately prior to cutover. The use of this method,
however, does not carry an assurance that transfer of
the wire will take place when the distance between the
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wire and the flange adjacent to the snagger is at a mini-
mum.

It is also desirabie to design a take-up apparatus to be
compatible with various types of automatic loading and
unloading facilities which may be utilized to minimize
handling of the reels or the apparatus by an operator
and thus avoid the risk of injury to the operator or dam-
age to the reels, the wire or the apparatus.

Finally, it is desirable to provide automatic means for
positively locking the rotatable reels in place during the
operation of the apparatus and for unlocking the reels
to permit easy removal thereof as they are filled.

SUMMARY OF THE INVENTION

One object of the present invention is to provide new
and improved methods of and apparatus for reeling
strand material.

Another object of the present invention is to provide
new and improved methods of and apparatus for taking
up a continuously advancing strand onto transversely
aligned, rotatable take-up reels.

Another object of the present invention is to provide
new and improved methods of and apparatus for dis-
tributing strand material onto a take-up reel.

Another object of the present invention is to provide
new and improved methods of and apparatus for dis-
tributing and winding strand material, such as, for ex-
ample, insulated conductor wire, on successive reels
without stopping the distributing and winding of the
material.

Another object of the present invention is to provide
new and improved methods of and apparatus for con-
trolling the distribution of strand material onto a take-
up reel just prior to and during the time in which the
strand is transferred from a full reel to an empty reel.

Another object of the present invention is to provide
new and improved methods of and apparatus for dis-
tributing a predetermined amount of advancing strand
in superimposed layers of convolutions between first
and second axial limits on the winding surface of a
take-up reel.

Another object of the present invention is to provide
new and improved methods of and apparatus for dis-
tributing a length of strand substantially equal to one
final layer of convolutions thereof between first and
second boundaries on the winding surface of a rotating
take-up reel.

Another object of the present invention is to provide
new and improved methods of and apparatus for grip-
ping an advancing strand.

Another object of the present invention is to provide
a new and improved snagging device for a continuous
take-up unit.

Another object of the present invention is to provide
new and improved methods of and apparatus for snag-
ging an advancing strand guided past a take-up element
and in proximity to the periphery thereof.

Another object of the present invention is to provide
new and improved methods of and apparatus for effect-
ing the transfer of a moving strand from a first driven
feel to a second driven reel aligned transversely with
the first reel.

Another object of the present invention is to provide
new and improved methods of and apparatus for snag-
ging an advancing strand being distributed onto a take-
up ree! when a predetermined amount of strand has
been taken up on the reel and for winding the snagged
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strand onto an empty reel without subsequent risk of
breaking the wire.

Another object of the present invention is to provide
new and improved apparatus for supporting a hollow
cylindrical article.

Another object of the present invention is to provide
new and improved apparatus for releasably supporting
a reel.

A method of taking up a continuously advancing
strand onto first and second transversely aligned take-
up reels mounted for rotation about spaced, paraliel
axes, embodying certain features of the invention, may
include driving the first reel, distributing the advancing
strand onto the first reel by guiding the strand back and
forth across the winding surface of the first reel to wind
successive layers of convolutions thereon, driving the
second reel, interchanging the positions of the reels to
position the second reel along the path of the strand
being distributed onto the first reel, altering the distri-
bution of strand onto the first reel in a predetermined
sequence wherein the equivalent of the final layer of
convolutions of strand is guided onto a part of the
winding surface of the first reel, the end of the se-
quence occurring when the strand is being guided past
a predetermined end of the second reel, and transfer-
ring the distributed strand from the first reel to the sec-
ond reel at a time coincident with the end of the se-
quence.

An apparatus for taking up a continuously advancing
strand onto first and second transversely aligned take-
up reels mounted for rotation about spaced, parallel
axes, embodying certain features of the invention, may
include means for driving the first reel, means for dis-
tributing the advancing strand onto the first reel by
guiding the strand back and forth across the winding
surface of the first reel to wind successive layers of con-
volutions thereon, means for driving the second reel,
means for interchanging the positions of the reels to po-
sition the second reel along the path of the strand being
distributed onto the first reel, means for altering the
distribution of the strand onto the first reel in a prede-
termined sequence wherein the equivalent of the final
layer of convolutions of strand is guided onto a part of
the winding surface of the first reel, the end of the se-
quence occurring when the strand is being guided past
a predetermined end of the second reel, and means for
transferring the distributed strand from the first reel to
the second reel at a time coincident with the end of the
sequence.

A method of controlling the distribution of a prede-
termined length of continuously advancing strand onto
and traversing the winding surface of a rotating take-up
reel reversibly between first and second tongitudinally
spaced limits, embodying certain features of the inven-
tion, may include moving the second limit linearly to-
ward the first limit at a speed substantially equal to the
speed of traverse of the strand, reversing the direction
of traverse of the strand when it reaches the moving
gecond limit, and terminating the advancement of the
strand onto the reel at a time subsequent to the reversal
of the strand at the moving second limit when the
strand is next adjacent to the first limit.

An apparatus for controlling the distribution of a pre-
determined amount of continuously advancing strand
onto and traversing the winding surface of a rotating
take-up reel reversibly between first and second longi-
tudinally spaced limits, embodying certain features of
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the invention, may inciude means for moving the sec-
ond limit linearly toward the first limit at a speed sub-
stantially equal to the speed of traverse of the advanc-
ing strand, means for reversing the direction of traverse
of the advancing strand when it reaches the moving
second limit, and means for terminating the advance-
ment of the strand onto the reel at a time subsequent
to the reversal of the strand at the moving second limit
when the strand is next adjacent to the first limit.

A method of gripping an advancing strand embody-
ing certain features of the invention may include re-
volving a snagger about a first axis in an annular path
having an axis intersecting the first axis at an angle to
oscillate the snagger between a pair of spaced planes
perpendicular to the first axis, and imparting relative
movement between the advancing strand and the snag-
ger to position the strand in a path between the spaced
planes intersecting the path of the revolving snagger to
cause the snagger to intercept and grip the strand.

An apparatus for gripping an advancing strand, em-
bodying certain features of the invention, may include
a snagger mounted for revolution about a first axis in
a annular path having an axis intersecting the first axis
at an angle, means driving the snagger for oscillating
the snagger between 2 pair of spaced parallel planes
perpendicular to the first axis, means for imparting rel-
ative movement between the advancing strand and the
snagger to position the strand in a path between the
spaced planes intersecting the path of the revolving
snagger whereby the snagger intercepts and grips the
strand.

An apparatus for supporting a hollow, cylindrical ar-
ticle, embodying certain features of the invention, may
include a hollow, generally cylindrical hub having a pe-
ripheral article mounting surface formed with an aper-
ture therethrough adjacent to the article mounting sur-
face, means on the hub, longitudinally spaced from the
aperture, for abutting an annular edge of the article, a
member having a transverse projection formed on a
longitudinal body, the member being loosely disposed
longitudinally within the hub and confined for limited
longitudinal and lateral movement therein with the pro-
jection thereon adjacent to the aperture, resilient
means associated with the elongated member for
urging the member pivotally toward the axis of the hub
to urge the projection thereon away from the aperture
aligned therewith, an actuator disposed within the hub
for axial movement, and means for rendering the actua-
tor operable to move axially within the hub into en-
gagement with the member to pivot the member
against the effect of the resilient means away from the
axis of the hub to cause the projection to protrude
through the aperture fo engage a section of an opposite
annular edge on the article frictionally to secure the ar-
ticle onto the hub.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and various features of the invention will
be more readily understood from the following detailed
description of a specific embodiment thereof when
read in conjunction with the accompanying drawings
wherein:

FIG. 1 is a front elevational view of a strand take-up
apparatus embodying the principles of the present in-
vention;

FIG. 2 is a fragmentary, side elevational view of the
apparatus of FIG. 1;
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FIG. 3 is a perspective view of part of the apparatus
of FIGS. 1 and 2, showing an advancing strand being
guided by a distributor and wound upon one of a pair
of take-up reels mounted on a pair of arbors supported
on a rotational turret;

FIG. 4 is a schematic iliustration of the closest and
remotest points at which an orbiting snagger, retracted
into a rotating snagger support, is proximate to a flange
on a take-up reel adjacent to and rotating with the
snagger support;

FIG. 5 is a schematic illustration similar to FIG. 4, il-
lustrating the proximity of the orbiting snagger to the
flange on the take-up reel after the snagger is moved
from a retracted position within the support to an ex-
tended position partially without the support;

FIG. € is a front elevational schematic illustration of
the relative positions of the turret, the take-up reels and
a pair of snagger devices during the normal take-up op-
eration;

FIG. 7 is a sectional view of the turret, the take-up
reels and the snagger devices taken along lines 7—7 of
FIG. 6;

FIG. 8 is a front elevational schematic illustration of
the relative positions of the turret, the take-up reels and
the snagger devices at a time just prior to cutover from
a full reel to an empty reel when the turret has been ro-
tated 180° from the position shown in FIG. 6;

FIG. @ is a sectional view of the turret, the take-up
reels and the snagger devices, taken along the lines
9—9 of FiG. §;

FIG. 10 is a front elevational schematic illustration of
the take-up reels and snagger devices at the instant of
cutover,

FIG. 11 is a front elevational schematic illustration of
the take-up reels and snagger devices at a time immedi-
ately subsequent to cutover;

FIG. 12 is a plan view, partly in section, of the distrib-
utor shown in FIGS. 1 to 3, illustrating the manner in
which a strand is controlled to assure cutover of the ap-
paratus at the proper time;

FIG. 13 is a sectional view of a first one-way clutch,
taken along the lines 13—13 of FIG. 12,

FIG. 14 is a sectional view of a second one-way
clutch, taken along the lines 14—14 of FiG. 12;

FIG. 15 is a sectional view of a supporting arrange-
ment for the turret and a rotatable reel mounting arbor
of the apparatus of FIG. 1, taken along lines 15—15 of
FIG. 2;

FIG. 16 is an exploded perspective view of a snagger
associated with the take-up apparatus;

FIG. 17 is a perspective view of the snagger of FIG.
14 in an assembled condition illustrating the manner in
which a strand may be gripped thereby or removed
therefrom;

FIG. 18 is a sectional view of one of the rotatable
snagger devices illustrating a portion of a mechanism
for actuating a snagger,

FIG. 19 is a sectional view of the remainder of the
snagger actuating mechanism taken along the lines
19—19 of FIG. 18;

FIG. 20 is a sectional view of three mechanisms for
locking a reel onto an arbor taken along the lines
20—20 of FIG. 15;

FIG. 21 is a sectional view of an arbor illustrating the
manner in which one of the locking mechanisms is ac-
tuated for releasing a reel from an arbor;
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FIG. 22 is a perspective view of the drive system for
the distributor, the turret and the arbors associated
with the take-up apparatus of the invention;

FIG. 23 is a schematic representation of a hydraulic
control system for a strand-reeling apparatus in accor-
dance with the principles of the invention;

FIG. 24 is a schematic representation of a pneumatic
system for a strand-reeling apparatus in accordance
with the principles of the invention;

FIGS. 25 and 26, taken together, represent a sche-
matic representation of an electrical control system for
a strand-reeling apparatus in accordance with the prin-
ciples of the invention, and

FIG. 27 illustrates the manner in which FIGS. 25 and
26 are to be combined.

DETAILED DESCRIPTION

1. General Description of the Take-up Operation

Referring now to FIGS. 1, 2 and 3, there is shown a
take-up apparatus, generally indicated at 30 for taking
up an advancing strand 31 continuously. The strand 31
may be, for example, an insulated wire, advanced at a
substantially constant relatively high speed from an in-
sulation extruder (not shown) by a conventional motor
drive (not shown).

The apparatus 30 includes a flat, rigid base plate 32
for supporting a frame 33 upon which is mounted a
wire distributor 36 and a centrally pivotable support
arm or turret 37. The turret 37 is journaled in a sleeve
bearing 38 mounted in a hub 41 secured to the frame
33, for rotation about a central axis C. A pair of trans-
versely aligned, reel-supporting spindles or arbors
42-42 are mounted in cantilever fashion on turret 37
for rotation about spaced axes which are parallel to the
axis C of the turret 37.

A pair of identical take-up reels 43—43, each com-
prising a cylindrical winding surface or drum 46 and a
pair of flanges 47—47 secured fixedly at opposite ends
of the drum 46, are mounted on arbors 42—42 and are
rotatable therewith. As will become more apparent
from the following description, locking means associ-
ated with each arbor 42 releasably secure each reel 43
thereon.

The distributor 36 includes a traversible strand guide
48 which is reciprocated horizontally to guide the ad-
vancing insulated wire 31 across the drum 46 of the
reel 43 in the upper position on the turret 37 adjacent
to the distributor 36 to distribute successively ad-
vanced sections of insulated wire 31 in superimposed
layers of convolutions on the upper reel 43.

A triggerable snagger device 51 is mounted at a sup-
ported end of each arbor 42 and is rotatable therewith.
Each snagger device 51 includes a snagger clamp or
snagger 52 normally maintained in a retracted position
within a snagger support 53 which rotates with its asso-
ciated arbor. Each snagger support 53 is mounted at a
predetermined angle with respect to the axis of each
arbor 42 (see FIGS. 4 and 8) to orbit each snagger 52
about an axis of revolution which intersects the axis of
the arbor 42 but is not axially coincident therewith.
The snagger 52 is positioned at a slightly greater radial
distance from the axis of arbor 42 than the peripheral
edge of the flange 47 on the reel 43 adjacent thereto.

As seen from FIG. 4, during its orbital movement the
retracted snagger 52 traverses {rom a point in a plane
56 approximately flush with the outside face of flange
47 to a point in a plane 57 approximately flush with the
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inside face of the flange 47. Similarly, as seen from
FIG. 5, the snagger 52 may be triggered to move out of
the support 53 from its retracted position therein into
an extended position, to traverse, while it orbits, from
a point in a plane 58 approximately flush with the in-
side face of reel flange 47 to a point in a plane 61
spaced from the inside face of flange 47.

FIGS. 6 to 11, inclusive, illustrate schematically a se-
ries of steps in an exemplary cutover operation wherein
the advancing insulated wire 31 is transferred from a
full reel to an empty reel to continue taking up wire 31.
During normal operation (FIGS. § and 7) one reel 43
is in an active condition on the upper part of turret 37,
taking up wire 31. When the active reel 43 is nearly
full, e.g. when an amount of accumulated strand equal
to a predetermined amount of wire less than the
amount desired to constitute a full reel is detected by
a footage counting system, turret 37 is rotated 180° to
revolve the active reel 43 to a lower loading and un-
loading position (FIGS. 8 and 9) 180° away from its
former position. At the same time a passive or empty
reel 43 is revolved from the lower loading and unload-
ing position into the upper position formerly occupied
by the active reel 43. At this time the active reel 43
continues to rotate in the lower position on turret 37 to
continue taking up insulated wire 31, now passing
across drum 46 of the empty reel 43, which is ac-
celeratedly driven to ultimate take-up speed.

As set forth in detail in the following description,
when a predetermined amount of wire 31, representa-
tive of a full reel, has been taken up on the active reel
43 a footage counter detects this condition and triggers
the snagger $2 associated with the empty reel 43 to ex-
tend the snagger 52 outwardly into the path of the wire
31 passing in proximity to the reel flange 47 adjacent
to the snagger device 51 to intercept, grip and break
the connection of the wire 31 to the full reel 43 at a
point between the reels 43—43 (FIGS. 10 and 11).

The distributor 36 is operated to alter the movement
of the strand guide 48 to position the path of travel of
the wire 31 near the flange 47 of the empty reel 43 ad-
jacent to the snagger 52 just prior to the time that the
latter is triggered to insure that cutover occurs at the
moment when the predetermined amount of wire 31is
taken up on the fuil reel 43.

After cutover takes place, subsequently advanced
sections of wire 31 are wound onto the newly activated
formerly empty reel 43 in the upper position on turret
37. Since the wire 31 only approaches the newly acti-
vated reel 43 from a side thereof opposite the side on
which the snagger 52 caught the wire 31, i.e., from the
side of the reel nearest to the distributor 36, and since
the snagger 52 is traversed away from adjacent flange
47 when it is orbited to that side of the reel, there is no
need to retract the snagger 52 after it is triggered to
prevent it from re-snagging the oncoming wire. The full
reel 43 in the lower position on turret 37 is then
stopped from rotating and removed from the arbor 42
and a new empty reel is loaded thereon to await the
next cutover cycle. Since the loading and unloading of
the reels 43—43 on arbors 42—42 takes place in the
lower position on turret 37, the arrangement may be
used with various types of automatic reel loading and
unloading facilities.

2. Automatic Take-up Apparatus
A. Distributor Assembly
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Referring now to FIG. 12, the distributor 36 includes
a reversible fluid-operated motor 62 secured to a left
end support 63 of a housing 66. The motor 62 is cou-
pled to a drive shaft §7 through sleeve couplings 68 and
71. The drive shaft §7 is rotatably supported in suitable
bearings mounted in a pair of cross braces 72 and 73
and is coupled to one end of a first device screw 76 ro-
tatably supported at its other end in a suitable bearing
mounted in a right end support 77 of housing 66. The
strand guide 48 includes a roller support plate 78 se-
cured to a movable support arm 81 fastened to a
threaded sleeve 82, threadedly mounted for reciprocat-
ing movement along drive screw 76. A roller 83 on arm
81 engages the underside of a side brace 86 on housing
66. A pair of spaced guide rollers 8787 are rotatably
mounted on the support plate 78 for guiding the ad-
vancing insulated wire 31 therebetween and recipro-
cally onto the winding drum 46 of a rotating take-up
reel 43.

A pair of spaced, gear-driven first and second one-
way clutches, generally indicated at 88 and 89 respec-
tively, are mounted adjacent to one another on drive
shaft 67. Cluiches 88 and 89 are operatively coupled to
a second drive shaft 81 rotatably supported at one end
in suitable bearings in cross brace 72 and coupled at
the other end through a selectively actuable third
clutch 92 to a second drive screw 93, rotatably
mounted in suitable bearings in cross brace 73 and the
right end support 77 of housing 66. The one-way
clutches 88 and 89 function to convert the reversible
rotary movement of the shaft 67 by the motor 62 to
substantially continuous, unidirectional, rotary move-
ment of the shaft 91 such that the shaft 91 always ro-
tates in the same direction, regardless of the direction
of rotation of shaft 67.

The conversion of the reversible movement of the
shaft 67 into unidirectional movement of the shaft 91
is accomplished by arranging each of the one-way
clutches 88 and 89 to slip when shaft 67 is rotated in
a first direction and to rotate shaft 91 counterclockwise
when shaft 67 is rotated in a second opposite direction.
As illustrated in FIGS. 13 and 14, a gear 26 of clutch
88 is arranged to slip in response to clockwise rotation
of shaft §7 and to couple shaft 7 to shaft 91 through
gears 97 and 98 to rotate shafi 91 counterclockwise in
response to counterclockwise rotation of shaft 67. Con-
versely, a gear 181 of clutch 89 is arranged to slip in re-
sponse to counterclockwise rotation of shaft 67 and to
couple shaft 67 to shaft 91 through a gear 192 to rotate
shaft 81 counterclockwise in response to clockwise ro-
tation of shaft 7. Thus clutches 88 and 89 function to
rotate shaft 91 counterclockwise in response to any ro-
tational movement of shaft 67.

A first control limit switch 103 is mounted on an arm
106 secured to a threaded sleeve 107 threadedly
mounted for movement along the drive screw 93.
Threaded sleeve 167 and drive screw 93 are formed
with the same pitch or lead per revolution as threaded
sleeve 82 and drive screw 76, respectively. Arm 106,
having a roller 108 thereon which engages the under-
side of brace 886, is formed with a pad 110 thereon nor-
mally engaging a stop 111 in right end support 77.
Limit switch 103 is normally positioned adjacent to the
right end support 77 of housing 66 at a spaced distance
from a second control limit switch 112 fixedly mounted
on the cross brace 73. During normal operation of the
distributor 36, the support arm 81 is driven along and
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by the drive screw 76 until either of two switch actua-
tors 113 or 116 fastened on opposite sides of arm 81
actuates control limit switch 163 or 112, respectively
aligned therewith, alternately to reverse the direction
of distributor motor 62 and thus reverse drive screw 76
to impart conventional reciprocating movement to the
strand guide 48 to guide an advancing wire 31 through
guide rollers 87—87 to distribute wire 31 evenly onto
the winding drum 46 of a take-up reel 43 between
flanges 47—57 thereof.

The third clutch 92 is normally disengaged to main-
tain the drive screw 93 in a nondriven condition to
maintain the limit switch 183 in a nonmoving position
adjacent to the right end support 77.

As mentioned previously, in order to initiate the
snagging operation, the insulated wire 31 must be in a
position immediately adjacent to the leftmost flange 47
of the take-up reel 43 adjacent to the snagger device
51. To insure the timely occurrence of this condition,
a footage counting system or counter 117 (FIG. 25) is
actuated when a predetermined length of wire repre-
senting one final layer of convolutions thereof remains
to be iaken up by the reel 43 in the upper active posi-
tion on turret 37. The counter 117 continuously moni-
tors the length in feet of the wire 31 wound upon the
active take-up reel 43. At a time when the count on the
counter 117 indicates that a predetermined amount of
insulated wire 31 remains to be taken up to make a full
reel, a first preset signal is generated on an output P1
of the counter 117 which alters the operation of the dis-
tributor 36 to insure that the wire 31 is in a position
near to the reel flange 47 associated with the snagger
device 51 at the time the snagging operation is to oc-
cur.

To illustrate the operation of the distributor 36, it is
assumed that the strand guide 48 is being reciprocated
normally in reverse directions along a rectilinear path
having a length Y equal to the width of a reel 43 be-
tween flanges 47—47, if lead angles aré neglected,
when counter 117 generates a signal on output P1. At
this time the support arm 78 can be traveling either to
the right or to the left in FIG. 12 and the turret 37 is
rotated 180° to position the almost full reel below the
empty reel.

For the purpose of this illustration it is assumed that
1,000 feet of wire remains to be taken up when the
counter 117 generates a signal on output P1 and that
one complete layer of convolutions of wire 31 in sub-
stantially the last full layer thereof is substantially equal
to 1,000 feet. it is desired to complete the take-up of
this final 1,000 feet of wire 31 at the leftmost flange 47
of the empty reel 43. Since the reels 43—43 are trans-
versely aligned, passage of wire 31 near the left flange
of either reel occurs at the same time. The advancing
wire 31 therefore, and thus the strand guide 48, must
be traversed a distance Y across the reel 43 and end up
at the leftmost flange 47.

If strand guide 48 is traveling to the right when the
counting system 117 indicates that an additional 1,000
feet of wire is needed to complete the almost full reel
43, a signal on output P1 of counter 117 energizes a so-
lenoid 118 (FIG. 26) to actuate the clutch 92 to drive
the second drive screw 93 through driven shaft 67,
clutch 88 and shaft 91 to move the limit switch 103 to-
ward the limit switch 112, Since the relationship be-
tween drive screw 93 and slceve 107 is identical to the
relationship between drive screw 76 and sleeve 82, the
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arm 106 is driven by drive screw 93 at the same rate of
speed with which the arm 81 is driven by drive screw
76. If, as shown, the distance between the guide rollers
87—87 on the support plate 78 to the left flange 47 of
reel 43 is X, the strand guide 48 will continue to be
moved to the right until it has traveied a distance

Y-X/2

when the actuator 113 on arm 81 engages the moving
limit switch 183 to reverse drive screw 76. The strand
guide 48 is then moved to the left through a distance

Y-X/2+X

to a position immediately adjacent to the left flange 47.
At this time the strand guide 48 has traveled a total dis-
tance of

Y-X/2 +Y-X/2+X

which is equal to Y from the time the clutch 92 was ac-
tuated by the counter $17, representing substantially
one complete layer of convolutions of wire 31 on the
reel 43. Since this layer of convolutions is assumed to
equal 1,000 feet, the occurrence of a completed reel
takes place precisely adjacent to the leftmost reel
flange 47. At this time the counter 117 generates a sig-
nal on a second preset output P2 thereof to initiate the
snagging operation, described in detail below.

When the actuator 113 on the support arm 81 en-
gages the moving limit switch 103, the clutch 92 is de-
actuated to cease coupling the shaft 91 to the second
drive screw 93 and a pneumatic cylinder 121, having a
movable piston 122 in engagement with the limit switch
103 is actuated to return the limit switch 1€3 to its nor-
mal position adjacent to the end support 77. Since
clutch 92 is disengaged, the actuating screw 23 is free
to be rotated clockwise by the return movement of the
movable limit switch 103 under the control of cylinder
121.

As will become more apparent from the description
below with respect to FIGS. 24, 23 and 26, cylinder
121 is actuated by a spring-return solenoid-operated
control valve 123 under the control of a solenoid 124
energized each time limit switch 103 is actuated by
switch actuator 116. The actuation of cylinder 121,
however, is effective to move switch 103 only at those
times when switch 103 is away from end support 77.

If the first present signal output P1 is energized when
the strand guide 48 is moving to the left, with the guide
rollers 87—87 at a distance X from the left reel flange
47, the clutch 92 is actuated to rotate the second drive
screw 93 and move arm 106 and the limit switch 103
thereon toward the limit switch 112 at the same rate of
speed with which the support arm 81 and strand guide
48 is moved by drive screw 76. In this case the strand
guide 48 continues to travel to the left until the actua-
tor 116 on support arm 81 engages the fixed limit
switch 112 to reverse the direction of drive screw 76.
At this time the strand guide 48 and the moving limit
switch 103 both have traveled a distance

X.

The strand guide 48, thercafter, is caused to move to
the right through a distance

Y-X/2

when the actuator 113 engages the moving limit switch
103 to cause the drive screw 76 to be reversed to re-

,
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verse the direction of the strand guide 48 which then
is driven to the left. As previously mentioned, the acu-
tation of the moving limit switch 183 causes the clutch
92 to be deactuated to cease driving the second drive
screw 93 and the cylinder 121 is actuated to return the
limit switch 103 to its normal position adjacent to the
end support 77. The strand guide 48 continues moving
to the left, until the wire 31 is in a position immediately
adjacent to the leftmost flange 47 of reel 43, traveling
through a distance

Y-X/2

The total distance thus traveled by the strand guide 48
from the time the clutch 92 was actuated by the
counter 117 is

X + Y-X/2 +Y-X/2

which is equal to Y, representing substantially one
complete layer of convolutions of wire 31 on the reel
43. In this case, as in the one previously mentioned, the
occurrence of the completed reel occurs when the path
of the wire 31 is precisely adjacent to the leftmost
flanges 47—47 of reels 43—43. At this time a signal is
generated on the second preset counter output P2 to
initiate the operation of the snagger device 51.

Thus it is seen that the distributor 36 may be con-
trolled to insure that the path of the wire 31 being
taken up is adjacent to the left flange 47 of the reel 43
adjacent to the snagger device 51 at the time of cut-
over.

B. Turret and Arbor Assembly

Referring to FIG. 15, each arbor 42 includes a hub
126 secured to a hollow shaft 127 mounted for rotation
in bearings 128—128 in a hub 129 and bearings 131
mounted in a sleeve 132, both aligned with one another
and formed in turret 37. A reel 43 may be mounted on
hub 126 with a bevelled interior face 133 of drum 46
in frictional engagement with a chamfered edge 136 of
a flange 137 formed on the hollow shaft 127.

A central hub 138 formed in the turret 37 is jour-
naled in the sleeve bearing 38 disposed in the hub 41

on the frame 33. Each end of the turret 37 is provided

with a roller bearing 139 fastened to a plate 141 se-
cured to each end of the turret 37. Each bearing 139
is designed to perform one of two functions, dependent
upon the position of the turret end associated there-
with. The bearing 139 at the end of the turret 37 in the
upper position engages a microswitch 142 when the
turret is vertically aligned as shown in FIGS. 1 to 3. Mi-
croswitch 142 controls a solenoid 143 (FIGS. 24 and
25) which selectively operates a valve 146 to actuate
a pneumatic cylinder 147 which causes a turret lock
148 (FIGS. 22 and 24) to lock turret 37 from rotational
movement and to disengage the driving means therefor.
The bearing 139 in the lower position on vertically
aligned turret 37 is received in a slot 151 on a support
152 secured to base plate 32 to prevent lateral move-
ment or cambering of turret 37.

A hollow shaft 153 is journaled in a set of bearings
156 mounted in central hub 138, A pulley 157 keyed
to hollow shaft 183 is drivably connected to a pulley
158 keyed to hollow shaft 127 through a timing belt
161. Rotational movement of shaft 153 is imparted to
arbor 42 through pulley 157, pulley 158 and shaft 127.

A solid shaft 162, coaxial with shaft 153, is journaled
in bearings 164 mounted in hollow shaft 153. A pulley
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163 keyed to solid shaft 162 is drivably connected to
a pulley 166 (FIG. 22), similar to pulley 158 and keyed
to the shaft 127 associated with the oppositely aligned
arbor 42, through a timing belt 167. Rotational move-
ment of shaft 162 is imparted to arbor 42 through pul-
ley 163, pulley 166 and shaft 127.

C. Snagger Assembly

FIG. 15 shows a snagger support gear 171, having cir-
cumferentially spaced teeth 172—172, and mounted
for rotation on bearings 173—173 on hub 129 of turret
37. Gear 171 is formed with an eccentric peripheral
bearing seat 176 having a circumferential surface
canted with respect to the circumferential surface de-
fined by the spaced teeth 172-172. More specifically,
the centerline or central axis of the bearing seat 176 on
gear 171 intersects the central axis of the teeth
172—172 thereof at an approximate angle of 1°
counterclockwise from a horizontal reference in FIG.
15. One gear 171 is associated with each arbor 42 but
is not drivably connected thereto. Though each gear
171 is rotatable about an axis through its associated
arbor 42, and the central axis of bearing seat 176 on
gear 171 generates a right circular conical locus about
an axis through arbor 42, the rotation of gear 171 is in-
dependent of the rotational movement of arbor 42.

Snagger support 53 is rotatably mounted on bearings
177—177 mounted on the eccentric bearing seat 176
of gear 171. Snagger support 53 therefore assumes a
canted orientation with respect to a plane normal to the
central axis of arbor 42 and the central axis of turret
37. More specifically, the principal plane of snagger
support 53 is tilted counterclockwise at an angle of ap-
proximately 1° from a vertical reference in FIG. 15.

One end of snagger support 53 is formed with an
opening 178 for receiving the snagger 52. An opposite
end of snagger support 53 is formed with a slot 181 for
receiving a weight 182 fastened therein to counterbal-
ance the snagger 52. A roller 183 rotatably mounted on
a peripheral section of the flange 137 on shaft 127 ex-
tends into an aperture 186 formed in snagger support
53. Rotation of hollow shaft 127 causes roller 183 to
bear against an adjacent edge of the aperture 186 to ro-
tate snagger support 53 with the arbor 42. As previ-
ously mentioned, the snagger support §3 rotates with
arbor 42 and at an angle with respect to the axis thereof
to oscillate the snagger 52 toward the reel 43 on arbor
42 when snagger 52 is below a horizontal plane through
the axis of arbor 42 and away from reel 43 when the
snagger 52 is above a horizontal plane through the axis
of arbor 42.

In order to maintain the canted orientation of the
snagger device 51, the central axis of the bearing seat
176 on gear 171 must be maintained at a constant angle
to a horizontal reference plane; otherwise a 180°
rotation of the turret 37 will position the gear 171 in an
inverted position from that shown in FIG. 15 with the
result that the orbiting snagger 52 will oscillate toward
the reel 43 on arbor 42 when the snagger 52 is in a posi-
tion above a horizontal plane through the axis of arbor
42. The occurrence of the foregoing condition would
create the risk of interference with or re-snagging of
the wire 31 being distributed onto the reel 43 at a time
subsequent to cutover. To prevent the foregoing condi-
tion from occurring, the apparatus must be arranged
such that for each increment of rotation of the turret
37, gear 171 must be rotated an equal increment in the
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opposite direction to compensate for the rotation of
turret 37. Stated otherwise, each gear 171 must be ar-
ranged for resultant translational movement with re-
spect to the remainder of the apparatus. The compen-
sation for each gear 171 is accomplished by connecting
a sun gear 187 (FIGS. 15 and 22), fixedly secured to
frame 33, to each gear 171 through a planetary gear
188 and a connecting gear 191 mounted on a shaft 192
extending through and journaled in the sides of turret
37. The gears 187, 188, 191 and 171 are arranged to
provide a 1:1 ratio beiween gears 187 and 171.

As seen most clearly in FIG. 22, any rotary move-
ment of turret 37 about central axis C will cause plane-
tary gears 188—188 to undergo epicycloidal move-
ment with respect to sun gear 187, thus rotating con-
necting gears 191—121 and the snagger support gears
171—171 connected thereto. Thus for every increment
of rotation of turret 37 about central axis C, there is a
corresponding increment of rotation in the opposite di-
rection of gears 171—171 to keep the snagger devices
51—51 properly canted with respect to arbors 42--42
and reels 43—43 thereon.

The siructure of each snagger 52 is illustrated in
FIGS. 16 and 17. The snagger 52 includes a block 193
and a clamp 196, pivotally secured to the block 193 by
a partially threaded shoulder screw 197 fastened in a
threaded aperture 198 formed in a bevelled surface
201 formed on block 193. The block 193 is formed on
its underside with a pair of spaced retaining members
202—202 each formed with an aperture 203 there-
through for receiving a pivot pin 206 which supports a
pivot element 207. The pivot element 207 is normally
biased clockwise by a torsion spring 208 with one end
of the element 207 in abutting engagement with the un-
derside of block 193. As shown in FIG. 18, block 193
is also formed with a bore 211 for receiving a compres-
sion spring 212 and a threaded counterbore 213 for re-
ceiving a removable stop 216 threaded therein and en-
gaging spring 212. A slot 217 is formed in the underside
of the block 183 communicating with the bore 211 for
receiving a pin 218 press-fitted therein.

Referring once again to FIGS. 16 and 17, one end of
the block 193 is formed with a laterally projecting, se-
miarcuate gripping jaw 221 having a series of serrations
222 formed on the arcuate portion thereof. The clamp
196 is formed with a corresponding semiarcuate grip-
ping jaw 223 having a relatively smooth arcuate sur-
face. When the snagger 52 is not being removed, the
clamp 196 assumes an offset, pivoted position clock-
wise about the axis of screw 197 in the direction of
arrow 226 shown in FIG. 17. When the snagger 52 is
being revolved due to rotation of the snagger support
53, centrifugal force causes the clamp 196 to pivot
counterclockwise in the direction of arrow 227 until a
pin 228 mounted therein engages an arcuate notch 231
in the block 193 to prevent further pivoting. At this
time the jaws 221 and 223 are aligned to form a strand-
receiving opening 232.

The snagger 52 is constructed to be moved into the
path of the wire 31 to receive it in opening 232 to grip
the wire 31 securely between the jaws 221 and 223.
When it is desired to remove the wire 31 from the snag-
ger 52, it is merely necessary to remove the reel 43
upon which the wire is wound by sliding the reel off of
the arbor 42 supporting the reel. Removal of the reel
will cause a force to be exerted on the wire 31, as
shown in phantom in FIG. 17, to separate the jaws 221

20

25

30

35

40

45

50

55

i4

and 223 to pull the wire 31 free from the opening 232
between the jaws and around the smooth arcuate sur-
face of the jaw 223. Thus the snagger 52 is provided
with a self-cleaning capability which automatically re-
leases the gripped section of the wire 31 without opera-
tor assistance in the release operation.

Referring to FIG. 18, each snagger 52 is slidably dis-
posed in bearings 233-233 mounted in the opening 178
formed in the snagger support 53. The snagger 52 is
normally biased into a retracted position within the
support 33 by the action of the spring 212 against pin
218 which has a shank portion 236 disposed in a bore
237 formed in support 53. The pivot element 207,
aided by torsion spring 208, normally abuts a steel roll
238 to lock the snagger 52 in its retracted position.

An arcuate cam lever 241 (FIGS. 18 and 19) is one
of a pair thereof, pivotally mounted at each end of the
turret 37 by a pivot pin 242. The opposite end of the
lever 241 is formed with bifurcations 243—243 for re-
ceiving a revolvable eccentric disc 246. As shown in
FIG. 19, the disc 246 is secured eccentrically to a shaft
247 coupled to a linkage member 248 connected to a
movable armature 251 of a solenoid 252 by a connect-
ing rod 253. The solenoid 252 may be secured to the
inside wall of turret 37. A tension spring 254 disposed
between the solenoid 252 and a stop 255 on rod 253
normally acts to bias the rod 253 upward and to the left
(FIG. 19) to pivot linkage member. The solenoid 252,
associated with each snagger device 51, may be ener-
gized selectively to rotate shaft 247 partially about its
axis to rotate eccentric disc 246, to pivot the lever 241
about pin 242. When the solenoid 252 is de-energized
the lever 241 is automatically returned to its normal
unpivoted position by the action of spring 254,

During normal operation when the snagger support
53 is rotated, it passes, for a portion of its path, adja-
cent to the cam lever 241, As shown in FIGS. 18 and
19, a detent member 256, having a flanged end 257, is
rotatably supported in the snagger support 53. The
lower part of the flanged end 257 is spaced form the ar-
cuate surface of lever 241 when the snagger support 53
passes adjacent to lever 241. When the counting sysiem
117 generates a signal on output P2 thereof indicating
that an amount of wire representative of a full reel
thereof has been taken up onto the active reel 43, the
solenoid 252 is energized to pivot the lever 241 to en-
gage flanged end 257 of the revolving detent member
256. Upon engagement with the pivoted lever 241, the
detent member 256 partially rotates causing a pin 258,
biased by a compression spring 261 into an arcuaie
notch 262 formed in detent member 236, to move up-
ward within a bore 263 in the snagger support 53
against the action of spring 261 into engagement with
pivot element 287 to move it against the action of tor-
sion spring 208 out of abutting engagement with the
roll 238 to unlock or trigger the snagger 51.

A centrifugal force component acts to drive the un-
locked snagger 52 slidably outward from the support
53 into an extended position to grip, sever and clamp
a section of the wire 31 at a portion thereof adjacent
to the leftmost flanges 47 —47 of reels 43—43 when the
extended snagger 52 is revolved into position between
the supported take-up reels. Thereafter the wire 31 is
wound onto the upper empty take-up reel associated
with the extended snagger 52, which continues to re-
volve in its extended position, retaining the gripped
wire 31 therein. The wire 31 is retained in the snagger
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52 until the reel 43 associated therewith is removed
from its arbor 42 at which time the absence of centrifu-
gal force allows the clamp 196 to assume its offset, piv-
oted position to facilitate removal of the section of the
wire 31 held between the jaws 221 and 223 as previ-
ously described. The absence of centrifugal force also
permits the snagger 52 to be self-retracted into the
snagger support 53 by the spring 212 to cause the pivot
member 287 to ride back over the roll 238 to assume
the initial locked position shown in FIG. 18. Thus the
triggering mechanism for each snagger device 51 is au-
tomatically reset when its associated arbor 42 stops ro-
tating.

D. Reel Locking Assembly

FIG. 15, taken in conjunction with FIGS. 20 and 21,
illustrates the arrangement and operation of three reel
locking mechanisms 266—266 associated with each
arbor 42 for releasably retaining a reel 43 thereon. An
elongated member or shaft 267 having a head 268
formed on one end thereof is slidably disposed axially
within the hollow shaft 127 and the hub 126 of the
arbor 42. A yoke 271 on a piston 272 connected to a
pneumatic cylinder 273 mounted in the frame 33 is de-
signed to receive the head 268 on the shaft 267 associ-
ated with the arbor 42 positioned adjacent to the base
32 whenever the turret 37 is rotated to interchange the
vertical positions of the aligned arbors 42—42.

The shaft 267 is formed along an intermediate sec-
tion thereof with three circumferentially spaced longi-
tudinal slots 276— 276, one of which is shown in FIGS.
15 and 21. A roller 277 is mounted in an intermediate
portion of each slot 278.

Each hub 126 is formed with three circumferentially
spaced cavities 278—278 therein, each of which com-
municates with the hollow interior thereof. The locking
mechanisms 266--266 are freely or floatably disposed
within cavities 278—278 but are confined therein by
the walls thereof to preverit substantial longitudinal and
lateral movement. Each of a pair of aligned apertures
281 and 282 formed in the periphery of hub 126 com-
municates with each cavity 278. Each locking mecha-
nism 266 cooperates with an associated roller 277 in
the slot 276 of shaft 267 to lock and release a reel 43
on an arbor 42 at selected times during the handling
thereof.

Each mechanism 266 includes an arm 283 having
first and second arcuate cam surfaces 286 and 287, re-
spectively, and a shoulder 288 formed thereon. When
the reel 43 is locked to the arbor 42, roller 277 in shaft
267 engages cam surface 286. Arm 283 is pivotally
connected to a yoke 291 by a pivot pin 292. The shoul-
der 288 projects into the aperture 281 and engages a
lug 253 on hub 126. A clamping block 296 having bev-
elled surfaces 287 and 298 on a projection 301 thereof
extending through aperture 282, is coupled to yoke 291
by a pin 302 threaded therein. Pin 302 extends through
a bore 303 in block 296, and is formed with a head 306
disposed in a counterbore 307 for retaining a piurality
of washer-type springs 308—308 therein. The threaded
end of pin 392 is prevented from becoming unthreaded
from yoke 291 by a set screw 311.

As illustrated in FIG. 15, with the shaft 267 posi-
tioned as shown, wherein a slot 276 in shaft 267 is oft-
get from a cavity 278 in hub 126, a reel 43 may be
clamped onto arbor 42 with the bevelled surfaces
133—133 on drum 46 of the reel 43 retained between
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the bevelled surface 136 of hollow shaft 127 and sur-
faces 297-297 of clamping blocks 296—296, respec-
tively. This clamping action is accomplished by the roll-
ers 277—277 acting against cam surfaces 286—286 of
arms 283—283 pushing arms 283-—283 downward into
a locked position, urging shoulders 288—288 against
lugs 293—293, and the leading peripheral portion of
shaft 267 acting against the clamping blocks 296—296.
This action is aided by the elasiic force exerted by
springs 308—308 which tend to urge clamping blocks
296— 296 leftward resiliently to retain reel 43 on arbor
42 and to compensate for variances in reel hub lengths.

When it is desired to remove the reel 43 from the
arbor 42, the pneumatic cylinder 273 is actuated to
slide shaft 267 axially to the right until each slot 276 is
moved from its offset position with respect to each cav-
ity 291 to a position subtending the cavity 291 as shown
in FIG. 21. As the shaft 267 is moved to the right, each
roller 277 moves from engaement with an aligned cam
surface 286 horizontally, unlocking arm 283. Each un-
locked arm 283 pivots about pin 292 moving the cam
surface 287 into engagement with roller 277. When slot
276 ultimately clears the clamping block 296, the latter
is permitted to be pivoted about pin 292 upwardly into
slot 276. It is of minor consequence whether or not the
clamping block 296 actually pivots upwardly since if it
does not, the only force which prohibits removal of the
reel 43 slidably to the right in the weight of the adjacent
portions of clamping blocks 296—296 which are small
when compared to the weight of the reel 43 especially
if the reel is wound with a full accumulation of strand
thereon.

E. Drive System

Referring to FIG. 22, the drive system for the take-up
apparatus 30 is shown. A hydraulic dashpot or motor
313 drives the turret 37 through a gear 314, mounted
on an output shaft 315, which engages a gear 316 se-
cured to the hub 138 on the turret 37, The ratio of gear
314 to gear 316 is chosen to such that gear 316, and
therefore the turret 37, rotates 180° for a 270° rotation
of gear 314 by motor 313. Motor 313 ismountedona
plate 317 secured to a rocker arm 318 controlled by a
face cam 319 of turret lock 148. As discussed in detail
below in connection with the pneumatic system of FIG.
24, the turret lock 148 may be actuated to bolt-lock the
turret 37 from movement and to disengage gear 314
from gear 316 after the positions of the reels 43—43
are interchanged.

Each arbor 42 and its associated snagger device 51
is driven independently by one of a pair of identical
electrically energized speed-controlled motors 320 and
321. As explained in more detail in connection with the
hydraulic system of FIG. 23, the motors 328 and 321
are coupled to a pair of pumps 322 and 323, respec-
tively, to vary the speed of distributor motor 62 in ac-
cordance with the speed of the motor driving the reel
taking up the wire 31 to control the rate of distribution
of the wire 31 onto the reels 43—43. The motor 320
drives the arbor 42, shown in the upper vertical posi-
tion on turret 37, through a pulley 326 keyed to solid
shaft 162 and coupled to a pulley 327 on an output
shaft 328 of motor 320 through a timing belt 331. As
previously explained, rotation of shaft 162 drives the
hollow shaft 127 secured to upper arbor 42 through
pulley 163 on shaft 162 and pulley 166 on shaft 127,
drivably coupled to one another by timing belt 167.
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The motor 321 drives the arbor 42, shown in the
lower vertical position on turret 37, through a pulley
332 on a motor output shaft 333 coupled to a pulley
336 keyed to hollow shaft 153 by a timing belt 337 to
drive shaft 127 secured to lower arbor 42 through pul-
ley 137 on shaft 153 and pulley 158 on shaft 127, driv-
ably coupled to one another by timing belt 161.

As previously mentioned, every increment of rota-
tion of turret 37 about central axis C by the energizaton
of motor 313 produces a similar opposite increment of
rotation of snagger support gears 171—171, through
sun gear 187, planetary gears 188—188 and connect-
ing gears 191—191, to compensate gears 171—171 for
the rotation of the turret 37 to keep snagger devices
51—81 properly oriented with respect to their associ-
ated arbors 42—42 and the reels 43—43 thereon.

Further, as previously mentioned, the distributor 36
is operated by a reversibly driven hydraulic motor 62,
under the conirol of reel motors 320 and 321 and
pumps 322 and 323. Motor 62 is directly coupled to
drive screw 76 and is selectively coupled to drive screw
93 through clutches 88, 89 and 92.

F. Control Systems

Referring to FIGS. 23, 24, 25 and 26, the hydraulic
control system, the pneumatic control system and the
electrical control system, respectively, for the take-up
apparatus 30 are shown.

As illustrated in FIG. 23, a hydraulic system for con-
trolling the distributor motor 62 includes a reservoir
339 containing hydraulic fluid at atmospheric pressure.
Fluid is pumped from reservoir 339, containing hydrau-
lic fluid at atmospheric pressure, through a supply line
340 connected to the reel-motor-driven fluid pumps
2232 and 323 through a pair of spring-centered, double-
soleniod operated valves 341 and 342 under the con-
trol of two sets of solenoids 343 and 344 and 345 and
346, respectively, to the motor 62. Pumps 322 and 323
and valve 341 determine the speed of motor 62, while
valve 342 determines the direction of rotation of motor
62. Though both valve 341 and valve 342 are shown in
their spring-centered neutral positions, it should be un-
derstood that one solenoid associated with each valve
will be energized when the take-up apparatus 30 is
being operated.

When either solenoid 343 or solenoid 344 is ener-
gized, valve 341 is operated to direct fluid to motor 62
through a high fluid pressure line 347 and valve 342.
Solenoids 343 and 344 are alternately operated in re-
sponse to the cutover signal represented by the pulse
on output P2 of counter 117.

Solenoids 345 and 346 are operated upon the actua-
tion of control limit switches 112 and 103, respectively,
by the movement of strand guide 48, to direct fluid re-
versibly to motor 62 to reverse the direction of drive
screw 76 and strand guide 48. Fluid is returned to the
reservoir 339 through a pressure regulator 338 which
insures smooth operation of motor 62 and a filter 348
both connected in a return line 349.

As illustrated in FIG. 24, pressurized air for the pneu-
matic control system is directed from an air supply 350
through a four-way, spring return, solenoid-operated
valve 351 operated by a solenoid 352, to a supply line
353. As mentioned previously, the movable limit switch
return cylinder 121 is controlled through a four-way,
spring return, solenoid-operated valve 123, operated
by the solenoid 124 to direct air from the supply line
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353 to cylinder 121 to force piston 122 outward to
move arm 106, and switch 143 thereon, to its normal
position abutting the stop 111 on end support 77 of the
distributor 36.

The driving means for the turret motor 313 includes
a four-way, spring-return, solenoid-operated valve 354
operated by a solenoid 355 to direct air from supply
line 353 to a first air-oil tank 356 where the air pressure
forces oil from the tank 356 into the left side of the
motor 313 to rotate a vane 357 therein 270°. The vane
357 is coupled to shaft 315 to rotate gear 314 through
an angle of 270°, thereby rotating gear 316 on hub 138
and the turret 37 through an angle of 180°, to inter-
change the positions of the reels 43—43 (FIG. 22). Gil
exits from the right side of motor 313 and passes
through a cam-controlled valve 358 into a second air-
oil tank 359. The vane 357 in motor 313 is coupled to
a cam 360 which rotates therewith to move a cam fol-
lower 361 on valve 358 to close valve 358 gradually as
the turret 37 completes the latter portion of its 180°
rotation. This is necessary to insure a controlled rota-
tion of the tarret 37 since the weight of the full reel in
the upper position on turret 37 might otherwise cause
the turret 37 to whip around two quickly after its initial
movement creating the risk of damage to or misalign-
ment of the apparatus due to the stresses involved.

As previously mentioned, operation of the turret lock
148, discussed in detail below, causes the gears 314 and
316 to disengage to permit motor 313 to be reset upon
the de-energization of solenoid 358, operating valve
354 to direct air into tank 359, forcing oil through a
one-way check valve 361 into the right side of motor
313 to move vane 357 back to its original position. The
oil then exits the left side of motor 313 and enters the
tank 356 to await the next cycle of operation.

The turret lock 148 is controlled by the four-way,
spring-return, solencid-operated valve 146 under the
control of solenoid 143. When solencid 143 is ener-
gized, valve 146 is operated to direct air from line 353
into cylinder 147 to retract a piston 362, partially rotat-
ing face cam 319 which is coupled thereto. The face
cam 319 is formed on opposite sides with a pair of com-
plementary cam slots 363 and 364 for receiving a pair
of cam followers 365 and 366, respectively. The cam
follower 365 is coupled to a bolt 367 (FIG. 22) while
the cam follower 366 is coupled to the rocker arm 318,
Each of the cam slots 363 and 364 are formed for ap-
proximately half their lengths with arcuate portions
having a center of curvature which coincides with the
center of face cam 319,

During the first half of the movement of face cam
319, the cam follower 365 is moved outwardly to move
bolt 367 intc a notch 368 in the hub 138 to lock the tur-
ret 37 from movement, while the cam follower 366
rides in the slot 364 without movement. During the sec-
ond half of the movement of face cam 313, the cam fol-
lower 363 rides in the slot 363 without further move-
ment, holding bolt 367 in locked position while the cam
follower 366 is moved inwardly to pivot rocker arm
318 and plate 317 connscted thereto to disengage gear
314 on motor 313 from gear 316 on hub 138, thus al-
lowing motor 313 to be reset.

The reel locking and unlocking cylinder 273 is actu-
ated through a four-way, spring-return, solenoid-
operated valve 369 under the control of a solenoid 370,
shown energized, selectively to lock the locking mecha-
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nisms 266—266 in the arbor 42 aligned with the cylin-
der 273.

As shown in FIGS. 25 and 26 arranged as shown in
FIG. 27, power is supplied to the electrical system from
a suitable 220 volt 60hz source of E.M.F. connected at
terminals 371—371 to lines 372 and 373 and through
a suitable step-down transformer 374 to lines 375 and
376. The solenoid 352 for operating valve 351 to direct
air to the pneumatic control system of FIG. 24 may be
energized by an operator closing a switch 377 which
connects solenoid 352 across lines 375 and 376.

Connected across lines 375 and 376 are a pair of
motor starting relays 381 and 382 in series with a pair
of push-button start switches 383 and 386 and a pair of
emergency-stop push-button switches 387 and 388,
repsectively. When one of the motor start buttons 383
or 386 is depressed, the associated relay 381 or 382 is
energized to close a contact 391 or 392 connecting a
reel driving motor 320 or 321, respectively, across lines
372 and 373 to energize the associated motor. Energi-
zation of motor start relay 381 or 382 also closes a con-
tact 393 or 396, respectively, to complete a holding cir-
cuit for keeping relay 381 or 382 energized to permit
the operator to release either depressed motor start
button without stopping its associated motor.

Both motor 320 and motor 321 are provided with
suitable speed-control systems (not shown} to match
the constant linear speed of the advanced wire 31 by
reducing the rotational speed of each arbor 42 as the
winding diameter of reel 43 thereon increases. The
speed-control systems may be, for example, of the type
disclosed in Hauck et al. U.S. Pat. No. 3,408,013, as-
signed to the assignee of the present invention.

Closure of microswitch 142 by the bearing 139 on
turret 37 in the upper position energizes the solenoid
143 through a normally closed contact 397 of a relay
398 to operate valve 146 to actuate cylinder 147 to en-
gage the turret lock 148,

The counting system includes a follower sheave 401
in rolling contact with the advancing wire 31. Sheave
401 is mechanically coupled to and drives a pulse gen-
erator 402 which indicates the length of wire advanced
past sheave 401 by feeding pulses to counter 117, for
example, one pulse for every two feet of wire advanced.
As previously mentioned, counter 117 is provided with
two preset outputs P1 and P2.

A pulse is generated on output P1 of the counter 117
when the total number of pulses from the pulse genera-
tor 402 is representative of a total length of wire 31
wound upon a reel 43 equal to a predetermined length
of wire less than the desired length of wire on a full reel.
For example, if it is desired to have 26,000 feet of 24
gauge insulated wire on each reel, preset output P1
may be adjusted to render an output pulse when the
tota! number of pulses fed to counter 117 indicates that
25,000 feet, or 1000 feet less than the desired amount
of wire has been taken up by the active reel 43.

Similarly, a pulse is generated on output P2 of the
counter 117 when the total number of pulses fed to
counter 117 from the pulse generator 402 is represen-
tative of a total length of wire 31 wound upon a reel 43
equal to the desired amount. In the chosen example, an
output pulse would be rendered on output P2 when the
total number of pulses fed to counter 117 indicates that
26,000 feet of insulated wire has been taken up on the
active reel 43.
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The output Pi of counter 117 is coupled to a first
toggle or flip-flop 403 having complementary d.c. volt-
age level outputs 404 and 406 through a relay 4067.
Output 404 of flip-flop 483 is coupled to the enabling
input of a gate 408 serially connected to a relay 409
having a contact 411 which closes when relay 409 is en-
ergized to energize motor starting relay 382 to energize
motor 321. Output 406 of flip-flop 403 is coupled to
the enabling input of a gate 412 serially connected to
a relay 413 having a contact 416 which closes when
relay 413 is energized to energize motor starting relay
381 to energize motor 320. The flip-flop 483 responds
to pulses at its input 417 by changing the state of the
output voltage levels at outputs 404 and 406. Thus,
flip-flop 403 changes state after each received pulse
generated on output P1 of counter 117. Each of the
gates 408 and 412 is designed to respond to a high d.c.
voltage level from the flip-flop output associated there-
with.

When an output pulse is generated on counter output
P1, a contact 414 of relay 487 closes momentarily to
connect the gates 408 and 412 to line 375. When either
gate 408 or 412 is enabled by a high d.c. voltage level
on its associated flip-flop output, a circuit is completed
across lines 375 and 376 to energize a relay 418 and the
relay 388. When relay 418 is energized, a contact 422
thereof is closed to energize the clutch-actuating sole-
noid 118 and a relay 424, closing a make contact 425
thereof, to establish a holding circuit for solencid 118
through a break contact 426 of a clutch-release relay
427. Solenoid 118, when energized, actuates cluich 92
to drive the second drive screw 93, moving the arm
166, and the limit switch 103 thereon, away from its
normal position adjacent to the right end support 77
toward the fixed limit switch 112 (FIG. 12), moving
piston 122 into the air cylinder 121. When limit switch
103 is subsequently closed by actuator 113 carried by
support arm 81, the clutch-release relay 427 and sole-
noid 124 are energized. When relay 427 is energized,
the normally closed contact 426 thereof opens to de-
energize clutch solenoid 118 to disengage clutch 92 so
that the drive screw 93 is no longer being driven. Ener-
gization of solenoid 124 operates valve 123 which actu-
ates cylinder 121 to move piston 122 to the right to re-
turn the arm 106 to its position adjacent to end support
717.

When relay 398 is energized, a contact 431 thereon
closes to energize solenoid 355 and a relay 432. Energi-
zation of solenoid 355 operates vaive 354 to force oil
from air-oil tank 356 into turret motor 313 to rotate
vane 357 clockwise (FIG. 24) 270° to rotate turret 37
through gears 314 and 316 through an angle of 180° to
interchange the positions of the arbors 42—42. Energi-
zation of relay 432 closes a make contact 433 to set up
a holding circuit therefor through a break contact 434
of relay 436. Contact 397 of relay 328 opens to de-
energize solenoid 143 to permit valve 146 to reverse
the fluid through cylinder 147 to unlock the turret 37.

When contact 397 is opened, the relay 436 de-
energizes to close contact 434, completing the holding
circuit for relay 432. As the turret 37 rotates to inter-
change the positions of the reels 43—43, the bearing
139 associated with the upper reel moves out of en-
gagement with microswitch 142 opening the latter.
When the bearing 139 associated with the now-
revolving lower reel subsequently engages microswitch
142, relay 436 is energized to open the holding circuit
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for relay 432 to de-energize relay 432 and solenoid 355
to cease driving the turret motor 313. At this time sole-
noid 143 is again energized to operate valve 146 to ac-
tuate turret lock 148.

The output P2 of counter 117 is coupled through a
relay 437 to a second flip-flop 438 having complemen-
tary d.c. voltage level outputs 439 and 441 coupled to
the enabling inputs of a gate 442 and a gate 443, re-
spectively. The operation of {lip-flop 438 and gates 442
and 443 by a pulse on cutput P2 of counter 117 is iden-
tical in all respects to the operation of the flip-flop 403
and the gates 408 and 412 at counter output P1. Each
of the gates 442 and 443 is designed to respond to a
high d.c. voltage output level from the flip-flop output
associated therewith.

When a pulse is generated on counter cutput P2 a
contact 444 of relay 437 momentarily closes and a high
d.c. voltage level on output 439 enables gate 442 to en-
ergize a relay 446, a relay 447 and the solenoid 252 as-
sociated with the snagger device 51 adjacent to the
arbor 42 driven by the motor 321.

Energization of relay 446 closes a make contact 448
thereof and opens a break contact 451 thereof. Closure
of contact 448 energizes solenoid 343 to operate valve
341 to direct fluid from pump 323, driven by motor
321, to distributor motor 62, through valve 342, to con-
trol the rate thereof. The solenoid 343 is held operated
by a holding circuit through a contact 452 on a relay
433 which is also energized upon closure of contact
448. Solenoid 344 is simultaneously de-energized since
the opening of contact 451 of relay 446 causes a relay
4354 to become de-energized, opening a holding circuit
therefor through a contact 455. Energization of relay
447 opens a break contact 456 to open the circuit to
motor start relay 381, opening contact 391 thereof to
cease supplying current to reel motor 320. Energiza-
tion of the snagger solenoid 252, associated with the
snagger device 51 adjacent to the arbor 42 driven by
motor 321, pivots the lever 241 associated therewith to
trigger the associated snagger 52.

Similarly, a high d.c. voltage level on output 441 of
flip-flop 438 enables the gate 443 to energize a relay
457, a relay 458 and the solenoid 252 associated with
the snagger device 51 adjacent to the arbor 42 driven
by the motor 320.

Energization of relay 457 opens a break contact 461
and closes a make contact 462 thereof. When contact
461 opens, solenoid 343 and relay 453 are de-
energized, opening the holding circuit through contact
452, Closure of contact 462 energizes solenoid 344 and
relay 484 through contact 451 of relay 446. Solenoid
344 and relay 454 are held energized through holding
contact 485. As previously mentioned, the energized
solenoid 344 operates valve 341 to direct fluid from
pump 322, driven by motor 320, to distributor motor
632, through valve 342, to control the rate thereof. En-
ergization of relay 458 opens a break contact 461 to
open the circuit to motor start relay 382, opening con-
tact 392 thereof to cease supplying current to reel
motor 321. Energization of the snagger solenoid 252,
associated with the snagger device 51 adjacent to the
arbor 42 driven by motor 320, pivots the lever 241 as-
sociated therewith to trigger the associated snagger 52.

Closure of fixed limit switch 112 by actuator 116 on
support arm 81 energizes a relay 462 which closes a
contact 463 thereof to establish a holding circuit there-
for through a break contact 466 of relay 467. A contact
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468 of relay 462 closes to energize distributor solenoid
3485 to operate valve 342 to direct fluid through distrib-
utor motor 62 to rotate drive screw 76 in a first direc-
tion to move the support arm 81 and the strand guide
48 to the right (FIG. 12). A contact 471 of relay 462
opens to open a holding circuit for the relay 467. When
the actuator 113 on arm 81 closes movable limit switch
103, the relay 467 is energized to open break contact
466 thereof to open the holding circuit for relay 462 to
de-energize relay 462, closing contact 471 thereof to
set up the holding circuit for relay 467. Contact 472 of
relay 467 closes to complete the holding circuit there-
for and contact 473 closes to energize distributor sole-
noid 346. When the distributor solenoid 346 is ener-
gized the valve 342 is operated to reverse the direction
of rotation of motor 62 to drive screw 76 in a second
reverse direction to move the support arm 81 and the
strand guide 48 to the left.

The unlocking of the normally locked reel locking
mechanisms 266—266 is controlled by an operator
closing a switch 476 which energizes the solenoid 370
to operate valve 369 to reverse the fluid in cylinder 273
to move piston 272 therein and the shaft 267 1o the
right, as shown in FIG. 21, to permit the clamping
members 301301 to pivot upward so that a full reel
43 can be removed and replaced with an empty reel. If
automatic loading and unloading facilities are utilized
with the apparatus 39, the unlocking of the reel locks
would also be automatic, the solenoid 370 being ener-
gized in response to the operating signal for the unload-
ing facility.

3. Operation

With the take-up apparatus 30 having the turret 37
positioned to orient the reels 43—43 as shown in FIGS.
1 to 3, with the reel in the upper position on turret 37
drivably connected to motor 328, and the leading end
of wire 31 being gripped by a snagger 52, an operator
depresses the reel motor start push buiton 383 and
closes air supply switch 377 (FIG. 25).

Depression of push button 383 energizes motor start
relay 381 through contact 456 of relay 447 and emer-
gency-stop push-button switch 387, closing contact
391 to energize reel drive motor 320 and contact 393
to hold relay 381 energized. Energized motor 320 ro-
tates to drive the reel 43 in the upper position on turret
37 through pulleys 326 and 327, shaft 162, pulleys 163
and 166 and the shaft 127 associated with upper reel
43 (FIG. 22). The rotary movement of motor 320 is im-
parted to pump 322 to supply hydraulic fluid from res-
ervoir 339 to control the rate of distributor motor 62
through valve 341, operated by energized solenoid 343
(FIG. 23).

Closure of switch 377 energizes solenoid 352, operat-
ing valve 351 to direct air from air supply 358 to the
pneumatic system of FIG. 24.

Assuming that the strand guide 48 is in its lefimost
position as shown in FIG. 12 with actuator 116 on arm
81 engaging the fixed limit switch 112, relay 462 will
be energized closing contact 468 thereon, energizing
solenoid 345 to operate valve 356 to direct fluid
through distributor motor 62 to rotate drive screw 76
and move arm 81 and strand guide 48 thereon to the
right. As the strand guide 48 moves to the right, the in-
sulated wire 31 is advanced at a constant linear speed
from an extruding process through guide rollers 8787
and onto the winding surface of the rotating take-up
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reel 43 where the wire 31 is coiled thereon. Upon
reaching the rightmost flange 47 of reel 43, actuator
113 on arm 81 engages and closes limit switch 103.
Closure of limit switch 103 energizes relays 427 and
467. Energization of relay 427 opens contact 426
thereof which has no effect at this time since it is in
electrical series with normally open contact 422 of
relay 418. Energization of relay 467 closes contacts
472 and 473 thereof and opens contact 466 to open the
holding circuit for relay 462. Since limit switch 112 is
open at this time, relay 462 de-energizes opening con-
tact 468 to de-energize solenoid 345 to permit valve
342 to be neutralized momentarily in its spring-
centered position, and closing contact 471 to complete
the holding circuit for relay 467 through contact 472
thereof. Solenoid 346 is energized through now-closed
contact 473 of relay 467 to operate valve 342 to re-
verse the direction of distributor motor 62 to reverse
drive screw 76, driving strand guide 48 to the left. ‘

The strand guide 48 continues to be reciprocated to
guide the wire 31 between the flanges 47—47 of the
upper take-up reel 43 under the control of limit
switches 112 and 103 and distributor motor 62 to dis-
tribute superimposed layers of convolutions of insu-
lated wire 31 upon the winding drum 46 of the upper
take-up reel 43. When pulse generator 402 has fed a
total number of pulses to counter 117 representative of
an amount of accumulated wire on upper reel 43 equal
to a predetermined amount of wire less than the
amount of wire desired to make a full reel, a pulse is
generated on preset output P1 of counter 117.

The output pulse on preset output P1 of counter 117
changes the state of flip-flop 403 to establish a high d.c.
voltage level on output 464 to enable gate 408. The
output pulse on P1 also energizes relay 407 to close
momentarily contact 414 to energize relay 409, clutch
relay 418 and turret relay 398. Energization of relay
409 closes contact 411 to energize motor start relay
382 which closes contact 396 in the holding circuit
therefor and closes contact 392 to energize the other
reel drive motor 321 which rotates the empty reel,
which occupies the lower position on turret 37, through
pulleys 332 and 336, shaft 153, pulleys 157 and 158
and the shaft 127 associated with the lower reel 43
(FIG. 22). Energization of relay 418 closes contact
422, energizing relay 424 which holds energized
through now-closed contact 425 thereof energizing
clutch solenoid 118 to engage clutch 92 and rotate the
second drive screw 93 through shaft 67 and one of the
clutches 88 or 89 depending upon the direction of drive
screw 76 (FIGS. 12 and 22). Rotation of drive screw 93
causes arm 166 and switch 1063 to move to the left
along drive screw 93 toward limit switch 112, driving
piston 122 to the left into cylinder 121.

Energization of relay 398 closes contact 431 energiz-
ing relay 432, closing contact 433 thereof to set up a
holding circuit therefor through contact 434 of relay
436, energized through closed microswitch 142, and
energizing solenoid 355. Contact 397 of relay 398
opens to de-energize solenoid 143 which operates valve
146 to deactuate the turret lock 148 (FIGS. 22 and
24). Relay 436 is also de-energized by the opening of
contact 397 to close contact 434 to establish the hold-
ing circuit for relay 432 and solenoid 355. Energization
of solenoid 385 operates valve 354 to actuate turret
motor 313 to rotate turret 37 and revolve the arbors
42—42 and the reels 43—43 thereon. When turret 37
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has rotated 180°, now-open microswitch 142 is closed
by the bearing 139 at the end of the turret 37 which has
been rotated from the lower position adjacent to the
base 32 to the upper position. Upon closure of micros-
witch 142, relay 436 is energized to break the holding
circuit for relay 432 to de-energize solenoid 355 to op-
erate valve 354 to reset the vane 357 of turret motor
313. At this time the solenoid 143 is again energized to
operate valve 146 to lock turret 37 from movement and
disengage gears 314 and 316. The reel 43 taking up the
wire 31 is now in the lower position on turret 37. The
empty reel 43 now occupies the upper position on tur-
ret 37 and is being driven by motor 321 as the wire 31
is advanced past the empty reel toward the full reel.

When the moving limit switch 103 is subsequently
engaged by the actuator 113 on arm 81, relays 427 and
467 and solenoid 124 are energized. Energization of
relay 427 opens contact 426 to de-energize clutch sole-
noid 118 to disengage clutch 92 to cease driving drive
screw 93. Relay 424 in series with solenoid 423 is also
de-energized to open contact 425 in the holding circuit
for solenoid 118. Energization of solenoid 124 operates
valve 123 to actuate piston 122 of cylinder 121 tomove
arm 106 to its normal position adjacent end support 7.

As mentioned previously, the energization of relay
467 causes distributor solenoid 345 to be de-energized
and causes distributor solenoid 346 to be energized to
operate valve 356 to reverse distributor motor 62 to ro-
tate drive screw 76 to move the strand guide 48 toward
the left flange 47 of the empty reel 43 adjacent to the
snagger device 51 associated therewith. At this time an
output pulse is generated on preset output PZ of
counter 117.

The output pulse generated on counter output P2 en-
ergizes relay 437 to close contact 444 and changes the
state of the flip-flop 438 to generatc a high voltage level
on output 439 to enable gate 442 energizing snagger
solenoid 252 and relays 446 and 447 through contact
444. The energization of the solenoid 252 pivots cam
lever 241, associated with the empty reel 43, to rotate
flange 257 of detent member 256 causing pin 258 to
move pivot member 207 on snagger 52 upward to ride
over roll 238. At this time centrifugal force thrusts the
snagger 52 outwardly to catch and sever the wire 31
therein and remain in an extended or trigger position.
The advancing wire 31 is now wound upon the empty
reel in the upper position of turret 37.

Energization of relay 446 cpen contact 451 to de-
energize solenoid 344 and relay 454 breaking the hold-
ing circuit therefor through contact 455. When sole-
noid 344 is de-energized, valve 341 (FIG. 23) is mo-
mentarily rendered neutral. Contact 448 of relay 446
closes to energize solenoid 343 and relay 453, closing
contact 452 to complete the holding circuit therefor.
When solenoid 343 is energized, valve 341 is operated
to direct fluid to distribuior motor 62 from reservoir
339 through pump 323 driven by the motor 321 which
drives the arbor 42 in the upper position on turret 37
to increase the distribution rate of the wire 31 on the
newly positioned reel 43 now taking up the wire 31.

Energization of relay 447 opens contact 456 thereof
to de-energize motor relay 381 which causes contact
191 thereof to open the supply circuit to motor 328 w0
stop the latter from rotating the now-full reel 43 in the
lower position on turret 37. The operator may now
close switch 476 to energize solenoid 370 to operate
valve 369 to actuate cylinder 273 to move piston 272
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and shaft 267 to the right, as shown in FIG. 21, to per-
mit the locking mechanisms 266—266 to release the
reel 43 from the lower arbor.

The operator or an automatic unloading apparatus
may then act to pull the full reel 43 from the arbor 42
associated therewith, pulling the wire 31 from the jaws
221 and 223 of snagger 52. A new empty reel may be
loaded onto the arbor 42 and the solenoid 370 may be
de-energized to permit valve 369 to be positioned to
retract piston 272 into cylinder 273, moving the shaft
267 into locking engagement with the reel locking
mechanisms 266—266 in hub 126.

Upon the subsequent generation of a pulse on output
P1 of counter 117, indicating that a predetermined
amount of strand less that desired to make a full reel
has been taken up on the formerly empty reel, relay
407 is again energized to close contact 414 and flip-
flop 402 is caused to change state, this time generating
a high voltage level on output 406 to enable gate 412.
When gate 412 is enabled relays 413, 418 and 398 are
energized through contact 414. Energization of relay
413 closes contact 416 thereof to energize motor relay
381 which closes contact 391 to energize reel motor
320 which rotates the new empty reel 43 in the lower
position on turret 37. The relays 418 and 398 operate
as previously explained to unlock the turret 37, rotate
the turret 180°, stop, lock, disengage and reset the tur-
ret drive motor 313, and cause the distributor to direct
the advancing wire 31 past the left flange 47 of the
empty reel 43 now in the upper position on turret 37.

At this time a pulse is again generated on the counter
output P2 to energize relay 437, closing contact 444
thereof and changing the state of flip-flop 438, this time
generating a high voltage level on output 441 to enable
gate 443. When gate 443 is enabled, solenoid 252 and
relays 457 and 458 are energized through contact 444.
Energization of the solenoid 252, associated with the
empty reel 43 triggers the snagger 52 associated with
the empty reel 43 in the upper position on turret 37,t0
catch, sever and grip the wire 31 to begin winding the
wire 31 thereon.

Energization of relay 457 opens contact 461 to de-
energize solenoid 343 and the relay 353, breaking the
holding circuit therefor through contact 452, When so-
lenoid 343 is de-energized, valve 341 (FIG. 23) is mo-
mentarily rendered neutral. Contact 462 of relay 457
closes to energize solenoid 344 and relay 454, closing
contact 455 to complete the holding circuit therefor.
When solenoid 344 is energized, valve 341 is operated
to direct fluid to distributor motor 62 from reservoir
339 through pump 322, driven by the motor 320, which
drives the arbor 42 in the upper position on turret 37
to increase the distribution rate of the wire 31 on the
newly positioned reel 43 now taking up the wire 31. En-
ergization of relay 458 opens contact 461 thereof to de-
energize motor relay 382 opening contact 392 thereof
to cease supplying electrical energy to the motor 321
driving the full reel 43 now in the lower position on tur-
ret 37 to stop the reel 43. Once again the full reel may
be unlocked, removed and replaced either by an opera-
tor or suitable automatic apparatus.

The apparatus will thereafter continuously operate as
described above, with each full reel 43 being removed
and replaced with an empty reel in the lower position
on turret 37,

It will be understood that the above-described ar-
rangements are simply illustrative of the applications of
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the principles of the invention. Other arrangements
may be devised by those skilled in the art which will
embody the principles of the invention without depart-
ing from the spirit and scope thereof.

What is claimed is:

1. A method of controlling the distribution of a pre-
determined length of continuously advancing strand
onto and traversing the winding surface of a rotating
take-up reel reversibly between first and second longi-
tudinally spaced limits, which comprises the steps of:

moving the second limit linearly toward the first limit

at a speed substantially equal to the speed of tra-
verse of the advancing strand;

reversing the direction of traverse of the advancing

strand when it reaches the moving second limit,
and

terminating the advancement of the strand onto the

reel at a time subsequent to the reversal thereof at
said moving second limit when the strand is next
adjacent to the first limit.

2. A method of controlling the distribution of a pre-
determined length of continuously advancing strand as
set forth in claim 1 including the additional step of:

measuring the length of strand accumulated on the

reel from the time the second limit is moved until
the measured length is equal to the predetermined
length, and wherein the termination of advance-
ment of the strand occurs in response to the accu-
mulation of the predetermined length.

3. A method of controlling the distribution of a
length of strand material equal to one final layer of con-
volutions thereof between first and second boundaries
on the winding surface of a rotating take-up element at
a time when the advancing strand is being directed to-
ward the first boundary, which comprises the steps of:

reversing the direction of the strand when it is adja-

cent to the first boundary to direct it toward the
second boundary;

reversing the direction of the strand when it has trav-

eled toward the second boundary a distance equal
to one-half the distance it was originally positioned
from said second boundary when the strand was
adjacent to the first boundary to direct it toward
said first boundary, and

terminating the advancement of the strand when it is

again adjacent the first boundary.

4. A method of distributing a predetermined amount
of advancing strand in superimposed layers of convolu-
tions between first and second axially spaced limits on
the winding surface of a rotating take-up reel, compris-
ing the steps of:

guiding the advancing strand transversely across the

surface of the take-up reel in timed relation to the
peripheral speed of the reel;
reversing the direction of traverse of the advancing
strand each time it reaches an axial limit;

detecting a first accumulation of strand on the reel
indicative of an amount of strand substantially
equal to one layer of convolutions of strand less
than the predetermined amount;

moving the second axial limit axially toward said first

axial limit at a speed equal to the speed of traverse
of the advancing strand in response to the detec-
tion of the first accumulation;

detecting a second accumulation of strand on the reel

indicative of the predetermined amount, and
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terminating the advancement of the strand onto said
winding surface when the strand is in the vicinity of
the first limit subsequent to a reversal at the mov-
ing second limit in response to the detection of the
second accumulation, whereby the accumulation
of the predetermined amount of strand on the reel
occurs near the first axial limit.

5. Apparatus for controlling the distribution of a pre-
determined amount of continuously advancing strand
onto and traversing the winding surface of a rotating
take-up reel reversibly between first and second longi-
tudinally spaced limits, comprising:

means for moving the second limit linearly toward

the first limit at a speed substantiaily equal to the
speed of traverse of the advancing strand;

means for reversing the direction of traverse of the

advancing strand when it reaches the moving sec-
ond limit, and

means for terminating the advancement of the strand

onto the reel at a time subsequent to the reversal
thereof at said moving second limit when the strand
is next adjacent to said first limit.

6. An apparatus for controlling the distribution of a
predetermined amount of continuously advancing
strand onto the winding surface of a rotating take-up
reel as set forth in claim 5, including:

means for measuring the length of strand accumu-

lated on the reel from the time the second limit is
moved until the measured length equals a predeter-
mined length, and

means for rendering said terminating means operable

in response to the accumulation of said predeter-
mined length on the reel.

7. An apparatus for distributing a predetermined
amount of advancing strand as set forth in claim 6,
wherein said measuring means includes:

means for detecting a first accumulation of strand on

the reel indicative of an amount of strand substan-
tially equal to one layer of convolutions of strand
less than the predetermined amount;

means responsive to the detection of said first accu-

mulation for rendering said second limit moving
means operable, and

means for detecting a second accumulation of strand

on the reel indicative of a length of strand equal to
the predetermined length.

8. An apparatus for controlling the distribution of a
length of a strand material equal to one final layer of
convolutions thereof between first and second bound-
aries on the winding surface of a rotating take-up ele-
ment at a time when the advancing strand is being di-
rected toward the first boundary, which comprises:

means for reversing the direction of the strand at the

first boundary to direct it toward the second
boundary;

means for reversing the direction of the strand when

it has travelled toward the second boundary a dis-
tance equal to one-half the distance it was origi-
nally positioned from said second boundary when
the strand was adjacent to the first boundary to di-
rect it toward said first boundary, and

means for terminating the advancement of the strand

when it is again adjacent the first boundary.

9. Distributing apparatus for guiding strand material
onto a take-up reel, which comprises:

a first drive screw mounted parallel to the longitudi-

nal axis of the take-up reel;
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reversible means coupled to said first drive screw for
driving said first drive screw in timed relation to the
peripheral speed of the winding surface of the reel;

guide means threadedly engaging and motivated by
said first drive screw for transverse movement
along the winding surface of said reel for forming
superimposed layers of convolutions of strand ma-
terial on the reel;

first control means adjacent to a first axial end of the
reel and actuated by the transverse movement of
said guide means in a first direction along the wind-
ing surface of the reel for causing said reversible
means to reverse the drive of said first drive screw
to cause transverse movement of said guide means
in a second reverse direction along the winding sur-
face of said reel;

a second drive screw mounted parailel to the longitu-
dinal axis of said reel and spaced from said first
drive screw;

clutch means selectively actuable to couple said re-
versible means to said second drive screw for driv-
ing said second drive screw nonreversibly;

second control means threadedly engaging and nor-
mally located at an end of said second drive screw
adjacent to an opposite end of the reel and actu-
ated by the transverse movement of said guide
means in said second direction for causing said re-
versible means to reverse the drive of said first
drive screw to cause transverse movement of said
guide means in said first direction along the wind-
ing surface of said reel whereby said guide means
is caused to reciprocate along the winding surface
of said reel to distribute successively formed super-
imposed layers of strand material on the reel;

means responsive to the accumulation of an amount
of strand material representative of substantially
the last desired layer of convolutions on the reel for
actuating said clutch means to drive said second
drive screw to move said second control means
therealong toward said first control means at the
same speed as said guide means is moved along the
winding surface of the reel;

means responsive to the subsequent actuation of said
second control means by the transverse movement
of said guide means for deactuating said clutch
means and for causing said reversible means to re-
verse the drive of said first drive screw to move said
guide means toward said first control means, and

means responsive to the accumulation of a second
amount of strand material representative of an ulti-
mately desired amount on the reel for terminating
the advancement of the strand onto the reel.

10. An apparatus as set forth in claim 9, wherein said

clutch means comprises:

a rotatable drive shaft;

selectively actuable motion transmitting means for
coupling said drive shaft to said second drive
screw;

a first one-way clutch coupling said drive shaft to said
reversible means for rotating said shaft in a prede-
termined direction when said reversible means is
operated in a normal mode and for slipping with
respect to said drive shaft when said reversible
means operates in a reverse mode, and

a second one-way clutch coupling said drive shaft to
said reversible means for rotating said shaft in said
same predetermined direction when said reversible
means is operated in a reverse mode and for slip-
ping with respect to said drive shaft when said re-

versible means is operated in a normal mode.
# * * * *



