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APPARATUS AND METHOD FOR FILAMENT 

FEED CONTROL ' 
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Filed Apr. 14, 1961, Ser. No. 103,128 
15 Claims. ((31. 242-—-47.08) 

This invention rel-ates to a device for feeding or regu 
lating the feed-rate of \wire or like ?lamentary material in 
operations where accurate control of the feed-rate is 
desired. For convenience, the invention will be described 
as employed in controlling the feeding movement of wire, 
which may be either bare or coated or plastic sheathed; 
but it is to be understood that the invent-ion is ‘equally 
applicable to means handling threads, strands, mono?la~ 
ments of synthetic plastics, and the like. 
Many manufacturing operations involve the feeding of 

wire or other ?lamentary material from or into packages 
or through manufacturing or treating operations, such, 
for example in the case of wire, vas drawing dies or enamel 
ing frames. Usually, the rate of feed of the wire is reg 
ulated by passing it around or partially around a measur 
ing element rotated at a controlled speed. In some in 
stances, the measuring elements is stationary and the ma 
terial is fed into and out of association with it by idlers 
which orbit around the measuring element at a controlled 
rate. 

is essential that there be no slippage of the material on 
the surface of the measuring element- Many expedients, 
such as rubber wheels, ?exible belts, or magnetic devices 
forcing the fed material against the measuring element,‘ 

‘ have been proposed to insure against undesirable slippage, 
but ‘few if ‘any of them have proven entirelysatisfact-ory 
and, capable ‘of ful?lling their intended purpose, especially 
when the wire being fed is subject to variations in tension. 
Moreover, most prior devices of which I am aware require 
that a certain minimum tension be maintained in the ma 
terial entering the device and some also require main 
tenance of a minimum tension in the material leaving the 
device. ’ . ' > . 

It is the principal object of this invention to provide a 
device which will feed, or regulate the feeding of, wire 
or other ?lamentary material at an accurately controllable 
rate and which will do so without damaging the material 
being fed. A further object is to produce apparatus 
which, where used ‘as a pay-out device, will not require 
tension in the entering material and which, when used 
as a take-up device, will not require tension in the exiting 
material. 

In carrying out the invention, ‘1 provide the measuring 
element with an annular groove deep enough to ‘receive 
two superposed stretches of the material being fed and so 
shaped as to con?ne those two stretches to radially super 
posed relationship. Spaced fromthe measuring element 
and-approximately in the plane ‘of the groove, I provide 
an idler. The wire or other material being fed is trained 
around the grooved measuring element and the idler in 
such a way that, for a portion of the circumference of the 
measuring element, two stretches of the materialfoccupy 
the vgr-o'ove'in superposed relation, the outer stretch being 
.subjected ‘to an externally imposed tensionwhereby it 
will exert on the inner stretchan inwardly directed effort 
clamping the inner stretch against the surface of the 
groove. Preferably, the groove has inwardly converging 
sides between which the inner stretch is wedged by the 
effort exerted by the outer stretch. The device may be 
used either as a take~up device to draw the fed material 
through equipment which imposes a drag on it or as a pay 

Where accurate control of the feed-rate is required, it 
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out device to retard the rate at which the material is fed 
to a take-up mechanism which imposes tension on it. The 
provision of the idler trees a portion of the circumference 
of the groove from the presence of the fed material and 
thus makes it possible for the inner stretch of the material 
to enter or leave the groove. 

In the accompanying drawings, which illustrate several 
different embodiments of the invention: 
FIG. l‘is an elevational view of a take-up device em 

ploying a rotating measuring element to draw a Wire from 
a source which imposes on the wire a substantial drag 
to create tension in the wire entering into association with 
the device; 
FIG. 2 is a section ‘on the line 2—-2 of FIG. 3; 
FIG. 3 is ‘a fragmental section, on an enlarged scale, 

on the line 3-3 of FIG. 1; 
FIG. 4 is a view similar to FIG. 1 illustrating a pay-out 

device regulating the rate at which wire is released to a 
tension-applying take-up mechanism; 
FIG. 5 is a side elevation, in partial section, of a take 

up device employing a stationary measuring element; and 
FIG. 6 is a horizontal section on the line 6-6 of 

FIG. 5. . 

The take-up device of FIG. 1 is shown therein as used 
to pull wire through apparatus, indicated diagrammati 
cally at 8, which imposes ‘a more or less substantial drag 
on the wire. The device comprises a frame 9 and a rotat 
ing measuring element, designated in its entirety by the 
reference numeral 110, ?xedly mounted on a shaft 11 
rotatably supported from the frame 9 and adapted to 
be driven at a regulated rate by any appropriate form of " 
driving means, here shown as a worm wheel 13 keyed 
to the shaft :11 and engaged by a worm 14 driven by a 
motor v7. Also supported from the frame 9 is a rotatable 
idler 12 ‘disposed in spaced and substantially coplanar 
relation to the rotating measuring element 10, which will 
hereafter be referred to as a capstan in accordance with ~ 
terminology‘ used in the wire-drawing art. Both the 
capstan 10 and the idler 12 have peripheral grooves which 
receive the wire in a manner to be described below. 

Desirably, the capstan 10 is formed of two juxtaposed, 
coaxial disks 15 and 16‘ between which the capstan-groove 
is provided. As will be clear from FIG. 3, the disk 15 
desirably has a plane face abutting the disk 516, while the 
periphery of the disk 16 is chamfered as indicated at 17 - 
to provide, in cooperation with the opposed face of the 
disk 15, a groove 18 the side Walls of which converge in 

' wardly of the capstan at a relatively gradual rate. The 
disks 15 and 16 are secured together as by screws 19. 
For convenience in describing the manner in which the 

wire being fed is applied to the capstan 10v and idler 12, 
such wife will be regarded as comprising an entering 
stretch 20‘ and a departing stretch 21, the former ex 
tending from the drag-imposing apparatus ‘8, entering into 
association with the device from the upper left (FIGS. 
1 and 2), and passing part way around the capstan 10 
and ion to the idler 12, and the latter leaving the idler 
and passing part ‘way around the capstan before leaving 
the device. As best shown in FIG. 2, the two stretches 
.20 and 21 have portions which are circumferentially co 
extensive within the‘ groove 18. ‘In that segment of 
the groove which receives such coextensive wire-por 
tions, the entering stretch 20 lies outside the stretch 21, 
with the result ‘that tension in the entering Wire will 
cause the stretch 21 to be forced radially inwardly and 
wedged tightly between the inwardly converging side. 
walls of the groove 18. The greater the resistance to 
feeding movement of the wire, the greater will be the 
tension in the entering stretch ‘2d and the greater also 
willgbe the inward effort exerted on the stretch 21 and 
the pressure exerted on the stretch 21 by the sides of 
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the groove 18. The angle between the walls of the 
groove 18 will determine the relation between tension in 
the stretch v2i} and the force with which the stretch 21 
is gripped. In a device for feeding hard-drawn steel 
wire, I prefer to have the side walls of the groove con 
verge inwardly at an included angle of about 15° to 20°. 
Such a convergence will produce a gripping action 
sufficient to cause breaking of the fed wire if its move 
ment is positively interrupted. At the same time, the 
wire of the stretch 21 can readily free itself from the 
groove when relieved of the pressure from the stretch it}. 
Such relief occurs at the point where the stretch 29 
leaves the groove 18 to pass on to the idler 12. 

FiG. 4 illustrates the device of FIGS. l-3 used to 
control the rate at which a wire is payed out, as through a 
treating apparatus indicated diagrammatically at 23 and 
onward therefrom to a driven take-up reel 24. Here it 
is the entering stretch 29 that lies adjacent the bottom of 
the groove in the capstan 10. The departing stretch 21 
overlies the stretch 20, and the tension engendered in 
the stretch 21 by operation of the take-up reel 24 causes 
the stretch 20 to be wedged between the converging walls 
of the capstan-groove. The greater the tension in the 
stretch 21, the more ?rmly will the stretch 20 be gripped 
in the capstan with the result that the rate of Wire de 
livery will depend on the rotational speed of the capstan, 
which can be controlled in any convenient manner as 
by the worm and motor means shown in FIG. 1. 

It will be noted that in both uses shown in FIGS. 1-4 
the wire-stretch subject to exteriorly impressed tension 
overlies the other in the groove 18 and, by virtue of the 
tension existing on it, ?rmly wedges such other stretch 
between the inwardly converging groove walls. As a 
result, positive, non-slipping engagement of the inner 
wire-stretch with the capstan will exist irrespective of 
whether or not that inner stretch carries any tension. 
Therefore, when the device is used as a take-up device 
with exteriorly imposed tension in the entering wire 
stretch, it can deliver the wire in a completely tension 
free condition. Similarly, when the device is used as a 
pay-out device with tension exteriorly imposed on the 
departing stretch, the entering wire-stretch can be com 
pletely free of tension. 
The apparatus shown in FIGS. 5 and 6 is one which 

might be used to draw a wire through processing or treat 
ing equipment of any kind and form the wire into coils 
for packaging or other purposes. It comprises a sta— 
tionary capstan 25 formed, like the capstan 10, with a 
circumferential groove 26 having inwardly converging 
side walls. The capstan 25, however, differs from the 
capstan 10 in that it is stationary, as by being rigidly 
connected to a supporting frame 27. Also supported 
from the frame 27 is a hollow shaft 28 rotatable about 
the axis of the capstan and arranged to be driven in any 
convenient manner at a controlled speed. As shown, 
the shaft 28 is driven by means including gearing 29—30. 
Secured to the lower end of the shaft 28, as through the 
medium of a yoke 31, is an arm 32 which is located below 
the capstan 25 and extends diametrically across the 
capstan and beyond the periphery thereof. Rotatably 
mounted on the ends of the arm 32 are two idlers 33 
and 34, each having a peripheral wire-receiving groove. 
The entering stretch 35 of wire is guided into the 

shaft 28 over an idler 36 rotatably supported from the 
frame 27 in any convenient manner. Proceeding down 
wardly through the ‘shaft, the wire stretch 35 passes 
around a guide idler 37 mounted on the arm 32. and 
thence around the idler 33. Leaving the idler 33, the 
wire enters ‘the capstan-groove 25, lies therein for a 
portion of the capstan circumference, and passes to the 
idler 34. The wire leaves the idler 34 as the departing 
stretch 33, which recnters the capstan-groove on the 
opposite side of the capstan from the stretch 35 and 
passes around the capstan and beneath the stretch 35 
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4 
to the point where the latter stretch leaves the capstan 
on its way to the idler 34. 

In the use of the device shown in FIGS. 5 and 6, the 
shaft 23 and arm 32 are rotated in the clockwise direc 
tion (FIG. 6), with the result that the orbiting idler 33 
draws wire through the hollow shaft and wraps it about 
the capstan. At the same ‘time, the orbiting idler 34 
progressively separates the two wire-stretches to free the 
depanting stretch 38 from the inward effort exerted on 
it by the stretch 35, and the departing stretch falls from 
the groove, preferably in advance of the adjacent end of 
the arm 32 so that such arm Will exert a stripping action. 

For clarity of illustration, the wire is shown in the 
drawings as having, relative to the capstan diameter, a 
larger size than it would usually have in practice, at 
least when the wire is bare and relatively stiff. 
The shape of the capstan-groove in axial section may 

depend on the nature of the material being fed. As will 
be obvious, the ratio of the gripping effort exerted by 
inwardly converging groove walls to the inward pressure 
exerted by the outer stretch of the material will increase 
as the opposite groove walls approach parallelism. It is 
possible to make the angle between wire-gripping groove 
walls so small that the inner wire stretch would not free 
itself from gripped condition when relieved ‘of pressure 
from the outer stretch; but in most cases, especially where 
the device is a take-up device intended to deliver .the 
wire in a substantially tension-free condition, ;such an 
arrangement is undesirable as it could necessitate the 
use of stripping means for positively freeing the wire 
from gripped condition. The greater the coef?cient of 
friction between the fed material and the groove surface, 
the less need be the gripping effort. With some mate 
rials, the opposed side walls of the groove may be parallel 
and the gripping effort only that which would result from 
the action of the outer stretch in forcing the inner stretch 
against the bottom of the groove or into the angle be 
tween a cylindrical groove-bottom and a plane side wall. 
In such a case, it would be necessary, of course, that the 
groove be narrow enough to maintain the required degree 
of radial superposition of the two stretches. 

‘Increased traction, or more effective non-slipping con 
nection between the inner stretch and the capstan can be 
obtained, without decreasing the angle between the 
groove walls, by arranging the idler or idlers to increase 
the length of the are within which the two wire-stretches 
are in contact with each other. 

Providing an inwardly narrowing capstan groove be 
tween two juxtaposed disk-like elements, as shown in 
FIG. 3, has an advantage in correcting for the effects of 
wear which would reduce the diameter of the inner wire 
stretch. By removing material from the groove walls 
and also from that face of the chamfered element 16 
which engages the element 15, the effects of wear can be 
removed from the groove walls and the groove main 
tained at its proper effective ‘diameter. 
As will be obvious, since the interengaging stretches of 

the wire are curved respectively on radii which differ by 
the diameter of the wire, the outer stretch will slip on 
the inner stretch and relatively to the capstan in opera 
tion of the device. In practice, such slipping has been 
found to be of no signi?cant consequence either as to 
magnitude or as to effect on the fed material. 

I claim as my invention: 
1. Apparatus for controlling the feed rate of a con 

tinuous ?lament pulled under tension between said appa 
ratus and another device, comprising 

a capstan having a peripheral groove ‘de?ned by op~ 
posed faces and formed to receive two stretches of 
the ?lament and to maintain them in radially super 
posed relation as inner and outer stretches in the 
groove, idler means mounted in spaced relation with 
the capstan and positioned to receive a ?lament 
from the groove, support the same out of the groove 
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for an arc thereof, and return said ?lament back to 
said groove, 

guide means including said capstan and idler means 
:de?ning a path for the ?lament in which the ?la 
ment extends 

from the external device into engagement with 
the groove and therealong as an outer stretch 
in the groove over a predetermined arc, 

thence outward from the groove and over the idler 
means free of the capstan along an adjacent 
arc thereof, to clear of ?lament a portion of 
the groove for emergence of the ?lament from 
the inner stretch, ‘ ' 

thence, from the idler means back into the groove 
beneath the outer stretch and along the groove 
as an inner stretch beneath the said outer 
stretch to said ?lament-clear portion of the 

‘ groove, and - ‘ 

l‘ thence out of the proo‘ve at such ?lament-clear 
, portion to an external point, 7 

the capstan, on the one hand, and the idler means 
and angular positions of the entering and exiting 
?lament paths, on [the other hand, being relatively 
rotatable about the axis of the capstan to feed the 
?lament in a predetermined direction along said 
path, ' 

means to control the rate of said relative rotation to 
maintain tension in said outer stretch of a ?lament 
strung along said path, ' 

whereby to cause such outer stretch to force the inner 
stretch of such ?lament inwardly into ?rm non 
slipping engagement with the surface of the capstan 
groove. . 

2. Apparatus as de?ned in claim 1 with the addition 
of an idler support rotatable about the capstan axis and 
carrying the idler means, and ?lament feeding means 
rotatable therewith, ‘and in which said means to control 
the rate of relative rotation comprises means for driving 
said support to revolve said idler and feeding means 
about the capstan to pull ?lament to the apparatus and 
feed the same; along said path. 

3. Apparatus as de?ned in claim 1 in which the 
relative rotation is in a direction to pay out the ?lament 
under tension to means which produces pull thereon‘ 
and ‘said meansato control the rate of relative rotation 
comprises retarding means. 

4. Apparatus as de?ned in claim 1 in which said cap 
stan groove is de?ned by opposed faces which converge 
inwardly in position to receive the inner stretch of ?la 
ment in releasable wedging engagement. 

5. Apparatus as set forth in claim 1 with the addition 
that said capstan comprises two coaxial, juxtaposed disk 
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path, and thereby to cause the outer stretch of such ?la 
ment to force the inner stretch thereof into non-slipping 
engagement with the groove. 

7. Apparatus as set forth in claim 6, with the addition 
that said groove has inwardly converging side walls be 
tween which the inner ?lament-stretch is wedged as a 
result of the force exerted on it by the outer stretch. 

8. A take-up device for pulling a continuous ?exible 
?lament through means which imposes a drag upon it, 
comprising a capstan having a peripheral groove adapted 
to receive two stretches of the ?lament and maintain 
them in radially superposed relation, an idler support 
rotatable about the capstan-axis, an idler carried by said 
idler support in spaced relation to the capstan and sub 
stantially coplanar with said groove, feeding means ro 
tatable with the idler support for feeding to the capstan 
a ?lament extending from the drag-imposing means, 
means including said capstan, idler, and feeding means 
de?ning a path for the ?lament'in which the ?lament 
from the feeding means enters the capstan groove and 
passes part way around the capstan as an outer stretch 
in the groove, leaves the groove and passes 'over the 
idler, thereby clearing a portion ofthe groove for emer 
gence of the exiting ?lament, reenters the groove ahead 
of the outer stretch and extends along the groove as an 
inner stretch beneath the outervstretch to the point at 
which the outer stretch leaves the groove, and then exits 
from the groove between such point and the said reentry 

' point, means for rotating the idler support and feeding 
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like elements, one of which ischamfered at its periphery ' 
to provide one ‘of said groove walls, and releasable means 
for maintaining said elements in juxtaposed relation. 

6. A take-up device for pulling a continuous ?exible 
?lament through means which imposes a drag upon it, 
comprising a rotatable capstan having a peripheral groove 
adapted to receive two stretches of the ?lament and main 
tain them in radially superposed relation, an idler disposed 
in spaced relation to the capstan and substantially co 
planar with said groove, means including said capstan 
and idler ‘de?ning a path for the ?lament‘ in which a 
?lament extending from the drag-imposing means enters 
the said groove and passes part way around the capstan 
as an outer stretch in the groove, then leaves the groove 
and passes over the idler to clear a portion of the groove 
for emergence of the exiting ?lament, reenters the groove 
ahead of the outer stretch and extends along the groove 
as an inner stretch beneath the outer stretch to the point 
at which the outer stretch leaves the groove, and then 
exits from the groove between such point and said re 
entry point, means for rotating the capstan at a controlled 
rate to pull under tension from the drag-imposing means 
a ?lament extending therefrom and trained along said 
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means at a controlled rate to feed under tension to the 
capstan a ?lament trained along said path, and thereby 
to cause the outer stretch of such ?lament to force the 
inner stretch thereof into non-slipping engagement with 
the groove. 

9. Apparatus as set forth in claim 8, with the addi 
tion that said groove has inwardly converging side walls 
between which the inner ?lament-stretch is wedged as a 
result of the force exerted on it by the outer stretch. 

10. A pay-out device for regulating the rate at which 
acontinuous ?exible ?lament is released to a feeding 
means which imposes tension upon it, comprising a rd 
tatable capstan having a peripheral groove adapted to re 
ceive two stretches of the ?lament and maintain them in - 
superposed relation, an idler disposed in spaced relation 
to said capstan and substantially coplanar with said 
groove, means including said capstan and idler de?ning 
a path for the ?lament in which the ?lament enters said 
groove as an inner stretch in the region between the cap 
stan and idler, passes part way around the capstan and 
idler, and reenters the groove and extends along an arc 
thereof as an outer stretch superposed over the inner 
stretch, and then leaves the groove and proceeds to the 
feeding means, and means for regulating the rate at 
which the capstan rotates, to maintain tension in the outer 
stretch of a ‘?lament trained along said path, whereby 
said outer stretch ‘forces the inner stretch into non-slipping 
engagement with the groove surface. 

11. Apparatus for controlling the feed rate of a con 
tinuous ?lament, comprising - 

a capstan having a peripheral, groove to receive two 
stretches of the same ?lament and to maintain them 
in radially superposed relation wherein tension in the 
outer stretch will force the inner stretchinto releas 
able wedging engagement with walls of the groove, 

and means to guide spaced portions of the same ?la 
ment into said groove and to support an'intermediate 
portion out of the groove to clear a portion thereof 
for emergence of the ?lament from the inner stretch, 

said capstan comprising two disc-like elements and 
means to rele'asably maintain the same ‘in coaxial 
juxtaposed relation, 7 

one of said discs being chamfered at its periphery to 
form a groove-de?ning face thereon in opposed in 
wardly-converging relation with an opposite face 
on the other disc. 
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12. The method of advancing a continuous ?lament in 
?rm, non-slipping engagement with a feed-control cap 
stan, which comprises 

training two spaced stretches of the ?lament in the 
same direction along the same arcuate portion of a 5 
groove extending about the capstan, 

laterally con?ning the two stretches to position and 
maintain the same as superposed inner and outer 
stretches of ?lament ‘along said arcuate portion, 

supporting an intermediate portion of the ?lament out 10 
of the groove to open an arcuate portion of the 
groove and extending the ?lament between said inner 
stretch and ‘an external point through such open 
arcuate portion, 

subjecting the outer stretch of ?lament to tension to 15 
cause the same to exert an inward force on the inner 
stretch to press the same into positive gripping en 
gagement with the capstan, 

and controllingly advancing the groove relative to the 
positions at which the ?lament enters and leaves the 
groove, and thereby advancing the ?lament in gripped 
engagement with the capstan. 

13. The method de?ned in claim 12 in which said ad 
vancing is obtained by revolving the ?lament-entering 
and -leaving positions about the axis of the capstan. 

14. The method de?ned in claim 12 in which said ad 
vancing is obtained by rotating the capstan on its axis. 

15. The method de?ned in claim 12 with the addition 
of supporting the ?lament stretches in the groove, and 
maintaining them in superposed relation, by opposed in 
wardly-converging faces between which the inner stretch 
is releasably wedged under the pressure imposed thereon 
by the tensioned outer stretch. 
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