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. NE‘CTICU'IR _ _ . . - . 

.“ ' ’ ' WINDING-MACHINE. 

UNrrED '' STATES PATENT OFFICE. 1 
‘CHARLES n.~ UNDERHILL, on NEW HAVEN’, CONNECTICUT, ASSIGNOR TO ‘THE ACME 

WIRE COMPANY, on 

1,166,948} 
To all whom it may concern’: 
Be it known that I, CHARLES RLIINDER 

HILL, a citizen‘ of the United States, and a 
resident .‘of New Haven,; in ‘the ‘county- of 
New Haven and State of Connecticut, have 
invented certain new and useful Improve 
ments in “?nding-Machines, of whichthe 
following is a speci?cation. - ‘ ‘ 

This invention relates to\..a winding ma 
chine, and particularly to‘means for control 
ling the tension of the wire or-other strand 
being wound by such‘ a machine, and the 
main object of the invention is to provide 
an improved winding machine for‘winding 
wires and other strands in which the tension 
on the strand ‘and the rate of travel thereof 
may be maintained substantially constant. . 

It is well known that in winding magnets, 
etc., it is important to keep'the tension on 
the wire ‘throughout the winding operation 
as nearly constant as'possible, and it is also 
well known that it is exceedingly di?igc'ult to 
maintain such a. substantially constant ten 
sio-n_. I believe that the solution of this 
problem is to be found in a mutual control 
between the speed of the winding mandrel 
and the speed‘of the spool or source of sup 
ply of wire to be wound upon that mandrel. 
’In order to obtain such a, mutual control 
lightness of parts is important, in_order that 
a rapid acceleration or retardation o-f'the 
speed of the traveling strand at the desired 

. point or points may be obtained. It is es 
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pecially important that» the mandrel itself 
be. light; and it should be driven in such a 
manner that all inertia and momentum ca 
pable of affecting the rate of travel of the 
strand at the winding point may be as far 
as possible eliminated.‘ In order to accomé 
plish this ‘result the winding mandrel is 
preterably separated from all of the other 
driven parts of the machine and is operated 
separately by a motor not connected with~ 
any other part of the driven mechanism of 
the winding machine. 
the only connection between‘ the winding 
mandrel and the other parts of the machine, 
with the exception of the means for tensio-n- ' 
ing the strand, is the wire or strand itself. 

For the purpose of controlling the tension 
of the wire or strand being wound I make . 
use of suitable means controlled by the ten 

- Speci?cation of Letters Patent. 

In the present case 
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sion of theistrand itself for varying the rate 
of travel of such strand. This controlling 
action is preferably exercised ‘at the two. 
main points in the winding machine herein 
before referred to, that is to say, at the 
windmg point of the mandrel and at the 
point of supply of the strand delivered to 
the mandrel to be wound. In this case the 
tenslon of the strand being wound is the 
means employed for varying the rate of 
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trayel of‘the strand at the point of supply. ‘ 
It is also the means employed for varying ' 
the rate'of travel of the strand at the wind 
ing point; but in this case the controlling 
action is exerted directly upon the driving - 
means or-moto-r by means of which the man 

‘,drel is operated, and through that motor 
the speed of travel of the mandrel and hence 
the rate of traverof the strand at ‘the wind 
mg POIIIt' will. be regulated. In' addition 
to the provision of means for controlling the‘ 
rate of travel: of the strand at the winding 
point and at the point of supply by the ten-_ 
sion of the traveling strand itself, I also 
make the controls at the winding point and 
the point of supply interdependent in' the 
preferred embodiment of invention,v in 
order that there ‘may be an exceedingly sen; 
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so.v 
s_i'tive interaction of the means for control- " 
hug the travel of the strand at these two . 
points and a correspondingly sensitive re 
sponse by each of these controlling means to ‘ 
the controlling action of the other. In order 
to obtain the best results I deem it desirable - 
to employ electrical controlling means of the 
quick-acting; type, the movable controlling 
parts of which are light and readily respon 
sive when it is necessary to bring them into 
action, and the operation of this electrical 
controlling means, which not only controls 
but is also controlled by the rate of travel 
of the strand, is preferably governed ‘by a 
loop in the strand between the point of sup 
ply and the'winding point of‘the machine 
and is effected through a take-up device c0~ 
operative directly with such loop-portion of 
the ' strand passing to the mandrel.‘ By 
means of a suitable sensitive take-up device 

‘ forming part .of my automatic tension device 
for controlling the rate of travel of the wire 
being wound, every variation in the relatiire 
rate of travel of the strand at the point of 
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' supply and the winding point respectively 
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. may be instantaneously and accurately indi 
catedand measured, and a corresponding in; 
stantaneous and accurate variation of the 
rate of travel of the strand at, the winding 
point maybe effected, which variation will 
be substantially proportional to the change 
1n the ratio of the speed at the two points 
mentioned. Thus, by providing a suitable 
take-up device cooperative with said loop 
and so constructed as to'be responsive in 
stantly to every increase or decrease of the, 
speed of travel of the strand, either at the 
point of supply or at the winding point, the 
bend ‘of the loop with which the controlled 
point of the take-up device cooperates, will 
be caused to indicate and measure automati 
cally the variations in the speed ratio of the 
two points referred to, and the controlling 
point of the take-up’will, in the construction 
employed by me, effect the corresponding 
necessary variationsin the speed of travel 
of the supplying means and the mandrel, as 
for example, through the proper regulation 
of the action of a brake in‘ the former‘- case 

" .and the proper regulation of the speed of the 
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motor for driving the mandrel in the latter; 
case. . 

,' Other features of‘ my present invention 
‘not hereinbefore referred to will be herein 
after described and claimed and are illus—' 
trated, in, the accompanying drawings, in 
which, ' 1 " -. ‘ c 

Figure ,1 is a- sectional side elevation 
broken at one 'point in the length thereof,‘ 

' of a simple type‘of winding machine em 
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' bodying suitable means for .automatically 
controlling the rate of travel of the strand 
being wound through the tension exerted 
on said strand; Fig. 2 is a sectional plan of 
the same shown on a smaller scale, and Fig. 
3 is a diagrammatic view of the main ele 
ments'of said machine and the electrical 

. controlling‘ means therefor. ' 

Similar characters designate like parts in 
all the ?gures of thedrawings“ 
‘Any suitable means maybe employed for. 

. mounting and operating the several parts 
- of my improved Winding machine. 
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The 
necessary mechanismv of such a machine is 
quite'simple and comprises principally suit-,. 
able means for supporting ‘and controlling 
the rotation. of a spool or other supplying 
means, a mandrel, and means’ for turning 
the same, and means for controlling the rate 
of travel of the strand and for reversing the 
direction of' travel of ‘the feed device by 
means of which successive layers are wound 
upon the mandrel, this'reversal, of course, 
taking place at the end of each helix wound. 
All of these operating parts may be mounted 
upona suitable base, such as 2, or upon suit 
able standards rising therefrom, such as are 
shown at 3, 4c, 5, 6 and 7. ' 
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ones, as on these are’ mounted thé“mandrel 
on which the strand is to be wound and the 
spool or source of supply from which such 
‘strand comes. Here the ‘supply spool is in 
dicated at 8 and is mounted on a short shaft 
or arbor, 9, on the supports '5 in such a man 
ner as to turn freely unless its movement is 
positively retarded. The mandrel, which 
may be of the type shown at 10, is supported 
by the uprighte, in this case through a long 
winding arbor or shaft, 11, which consti 
tutes in the construction shown part of the 

The‘ supports 4 and 5 are the’ principal, 65 
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driving means for the mandrel, it being. 
illustrated as the armpture shaft of an elec 
tricv motor, 12, employed for turning the 
mandrel. ' 

The strand in passing from the ‘spool or 
supplying means 8 to' the winding mandrelv 
10, passes, as is usual, around a guide-sheave 
operative for laying the strand on the man 
drel in coils in close succession. This guide 
sheave may be of the type indicated at 13, 
it being suitably mounted in this case on a 
feed-nut, 14, mounted to travel back and 
forth along a feed-screw, 15, which may be 
rotated by any suitable driving means, such 
as an electric motor, 16. ~The feed-screw 15 
constitutes in this case an extension of the 
armature shaft of the motor 16 and has its 
free end mounted in the upright 6, for sup 
port. It will be noticed that separate driv 
ing means or motors are employed for turn 
ing the feed-screw and the arbor of the 
winding mandrel respectively, ‘in order that 
the work to be done in turning the winding 
mandrel may be reduced to the minimum. 
For the purpose of-reversing thedirccti-on 

of movement of {the feed-nut 14 and the 
guide-sheave 13 traveling ‘therewith, the di 
rection of rotation of the motor 16 will be 
.reversed. This may be accomplished in any 
suitable manner,_a“ simple mechanical means 
being illustrated for the purpose of revers 
ing’ the direction of current through the 
motor 16 at the proper time.' This electro 
vmechanical reversing switch comprises, in 
the construction here illustrated, a slide, 17, 
one end of which is mounted to move back 
and forth in ‘the support 7, while the other 
end .is connected directly to a reversing 
switch, 18, of well-known construction, con 
trolling thedirectionof the current through 
the motor 16._. On the reversing rod or bar 
17‘ are two projections, 19 and 20, which 
cooperate'with a corresponding projection, 
21, extending from the feed-nut 14. These 
parts are so constructed and combined that 
at the proper point near the end of its travel 
in one direction the projection 21 strikes 
one or the other of the projections 19 and ‘20 
on the switch-bar 17 and shifts said switch 
bar until the switch is in the opposite posi 
tion for reversing the current through the 
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motor 16. ‘On the appro-ach\to the opposite 
end of its travel in the, new direction this, 
operation is ofcourse repeated through the 
other projection. on the switch-‘bar and the 
switch-bar shifted in the opposite direction, 

_ and with it the~switch 18, to send the current 
through said‘ motor in the other direction. 
As the speed with which the feed-screw 15 
travels should he substantiallyconstant in 
one direction or the other, the reversing 
switch 18 is all that is required to control 
the operation of the motor 16. In thecase 
of the winding mandrel 10, however, while 
the rate of rotation should be substantially 
‘constant, yet in order to obtain a proper, 
regulation of the winding action provision 
must be made for varying the speed of said 
mandrel and .for obtaining a variation in 
the speed substantially instantaneously. In 
order to accomplish this the motor 12 should 
be, one in which such a variation of" speed 
may be readily obtained. The motor em 
ployed is, a series motor having suitable 

\ means for controlling the action thereof and 
obtaining a close regulation of- the speedof 
rotationjof the armature shaft 11. I prefer 
to regulate the speed of this shaft by shunt 

pointis preferablyocarried around a suitable 
guide-point to form a loop and th' guide 
point 1s shiftable in a path of considerable 
length. - The object of this is to obtain at the 
guide-point controlled bythis'loop a very 
sensitive action and to transmit the move 
ment that takes place at this guide-point to 
another point controlling the rate of travel 
of the strand being wound.- This guide 
point in the present case is the axis of a 
guide-sheave, 26, mounted to turn in this in 
stance on a rock-arm, 27, suitably pivoted at 
28 and having, in the construction shown, a 
controller-arm, or switch-arm, 29, carrying 
a contact, 30, adapted to travel‘ove'r a series 
of contacts, 31, of a suitable rheostat, 32, for 
the purpose of obtaining a ?ne regulation of 
the ?ow of current in a controlling electric 
circuit, in this case the circuit of the series 
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motor 12 governing the winding mandrel. ‘ 
Here a second controller-arm or switch-arm, 
33, is also in ?xed relation with the rock-arm 
27 and carries a contact, 34, movable over a 
series of contacts, 35, of said rheostat in a 
manner similar to that illustrated in connec 
tion with the contacts 30 and 31. This sec 
ond switch-arm and row of contacts con 

' i-ng more or ‘less of the current normally\ trol in the present case the current through 
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passing through the ?eld windings or arma~ 
ture windings, as the case may be. The 
manner. in'which this regulating action is 
preferably secured__will be hereinafter de 
scribed more in detail. . - 

In addition to obtaining a close regulation’ 
of the, rate of travel of the wire or other 
strand at the winding pointof the mandrel, 
as ‘just described, I also preferably employ 
means for. obtaining a close regulation of the 
rate of travel of said strand at the point of 
supply. In the construction here shown this 
regulation results from the employment of 
a braké‘liaving a graduated braking action‘ 
preferablyunder electrical control. I have 
illustrated in this construction a brake,‘ 22, . 
mounted on the end of a brake-lever, 23, 
pivoted on the support 3 and connected at a 
suitable point to the core, 24,, of a solenoid, 
25., connected in a suitable regulating circuit. 
The braking action of this device may be 
closely regulated by correspondingly regu~ 
lating-the pull of the solenoid.‘ , . 
As beforev stated, the rate at-which the 

strand travels is intended to be controlled by , 
the tension thereon, this tension serving in v 
the present case to control the rate of travel 
both at the point of supply and at the wind 
ing .point. In order that the changes in the 
tension of the strand being wound may bring 
about a substantially instantaneous regula-~ 
tion of the speed of the motor 12 controlling 
the ‘winding operation, or of the spool 8 con 
trolling the paying out of the strand, or of 
both of these,- the portion of the strand be 
tween the point of supply and the winding 

the solenoid 25. The rock-arm 27 together 
with the switch-arms 29 and 33 and the 
guide-sheave 26 constitute a light rocking 
element freely movable about the axis 28 in 
one direction under the in?uence of the ten 
sion exerted by the shortening loop,‘ 1, of the 
strand, 8, being wound‘, and also freely mov 
able in the opposite direction under the in 
?uence of a suitable actuator, such as a light 
spring, 36, which opposes the pull of said 
shortening loop, as will be obvious. ~' The ten 
sion of the spring'36 may. be regulated as 
shown in Fig.,1,"by a suitable adjusting . 
screw, 37. As the strand travels around the 
various rotary elements from the spool 8 
to the winding mandrel and the rate of travel 
of the strand at the point of supply or at the 
winding point, or both, varies from time to 
time, the length of the loop 1 will corre 
spondingly change and as it does the rock 
arm 27 with its guide-sheave 26 will be 
swung in one‘ direction or the other and the 
ratio of‘ the movements of the mandrel and 
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the supply spool at every moment will be ac— - 
curately indicated and ‘measured by the posi 
tion and movement of said rock-arm and the 
parts connected thereto, Said rock-arm will 
of course swing, to the right in Fig.1 as the 
tension on the strand between the point of ' 
supply and the winding point decreases, and 
W111 swing to the left as sald tenslon lncreases 
and becomes effective to overcome the power 
exerted by the spring 36. As said rock-arm 
swings in one direction or the other thecon 
troller-ar'ms 29 and 33 willcorrespondingly 
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swing over the contacts 31', and 35 of the two ' a 










