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1o all whom it may concern:

Be it known that I, Cuarirs R. UNDEr-
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 Winding-Machines, of which the
following is a specification. ST

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,
ete., 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 1s exceedingly difficult to
maintain such a substantially constant ten-
sion. 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 of 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 accom-
plish this resilt the winding mandrel is
preferably 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 cnly connection between the winding
mandrel and the other parts of the machine,

with the exception of the means for tension- -

ing the strand, is the wire or strand itself.
[for the purpose of controlling the tenston

of the wire or strand being wound I make .
use of suitable means controlled by the ten-

- Specification of Letters Patent.

In the present case

sion of the strand 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
winding point of the mandrel and at the
pont of supply of the strand delivered to
the mandrel to be wound. In this case the
tension of the strand being wound is the
means employed - for varying the rate of
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travel 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

65

action is exerted directly upon the driving -

means or-motor 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 travel of the strand at the wind-
ing point 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 thé 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

70
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preferred embodiment of my invention, in

order that there may be an exceedingly sen-

8o

sitive interaction of the means for control-
ling 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 co-
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 con'trolling the rate of tra\{el of the wire
being wound, every variation in the relative
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-
cated and measured, and a corresponding in-
stantaneous and accurate variation of the
rate of travel of the strand at the winding
point may be effeeted, -which variation will
be substantially proportional to the change
in the ratio of the speed at the two points
mentioned. Thus, by providing a suitable
take-up device cobperative 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 coSperates, will
be caused to indicate and measure automati-
cally the variations in the speed ratio of the
two points referred to, and the controiling
point of the take-up’will, in the construction
employed by me, effect the corresponding
necessary variations in 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 lafter.
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, - - - g : ‘
Figure 1 is a- sectional side elevation
broken at one point in the length thereof,

~ of a simple type of winding machine em-

40

" 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-
merits of said machine and the electrical

. controlling’ means therefor. -

45

Similar characters designate like parts in
all the figures of the drawings..
*Any suitable means may.be employed for

. mounting and operating the several parts

- of my i1mproved winding machine.

0
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The

necessary mechanism 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

upen a suitable base, such as 2, or upon suit-

able standards rising therefrom, such as are

shown at 3,4, 5,6 and 7. -

1,166,948

The supports 4 and 5 are the’ principal

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 mounged on a short shaft
or arber, 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 upright 4, in this case through a long
winding arbor or shaft, 11, which consti-
tutes in the construction shown part of the
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driving means for the mandrel, it being .

illustrated as the armature shaft of an elec-
tric motor, 12, employed for turning the
mandrel. '

The strand in passing from the spool or

supplying means 8 to the winding mandrel.

10, passes, as is usual, around a guide-sheave
cperative for laying the strand on the man-
drel in eoils in close succession. This guide-
sheave may be of the type indicated at 13,
1t ‘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

aarmature shaft of the mctor 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 the direction
of movement of the feed-nut 14 and the
guide-sheave 13 traveling therewith, the di-
rection of rotation of the mctor 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-

‘mechanical 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 the direction of the current through
the motor 16. . On the reversing rod or bar
17 are two projections, 19 and 20, which
cobperate’ 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 switeh-
bar until the switch is in the opposite posi-
tion for reversing the current through the
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motor 16. *On the approach to the oppbsiée

end of its travel in the new direction this.

operation is of course 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 be substantially constant in
one - direction or the other, the reversing
switch- 18 is all that is required to control

the operation of the motor 16. In the-case.

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 cbtaining 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 speed of

Totation of the armature shaft 11. T prefer

_ to regulate the speed of this shaft by shunt-
ing more or less of the current normally—trol in the present case the current through
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passing through the field 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. . :

Tn addition to obtaining a close reg.ula»tion’

of the rate of travel of the wire or other

strand at the winding point of 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 brake having a graduated braking action-

preferably under 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.’ o

As before stated, the rate at which the
strand travels is intended to be controlled by

the tension thereon, this tension serving in

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 ef the strand be-

tween the point of supply and the winding

point is preferably.carried around a suitable
guide-point to form a loop and this guide-
point 1s shiftable in a path of congherable
length. - The object of this is to obtain at the
guide-point controlled by this-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 over a series
of contacts, 81, of a suitable rheostat, 32, for
the purpose of obtaining a fine regulation of
the flow of current in a controlling electric
eircuit, 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, 1s also in fixed 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 80 and 31. This sec-
ond switch-arm and row of contacts con-

the solenoid 25. The rock-arm 27 together
with the switch-arms 29 and 33 and the

- guide-sheavé 26 constitute a light rocking
-element freely movable about the axis 28 in

one direction under the influence of the ten-
sion exerted by the shortening loop, 1, of the
strand, s, being wound, and also freely mov-

-able in the opposite direction under the in-

fluence of a suitable actuator, such as a light
spring, 86, 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 Dbe
swung in one direction or the other and the
ratio of the movements of the mandrel and

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
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tension on the strand between the point of -

supply and the winding point decreases, and
will swing to the left assaid tension increases
and becomes effective to overcome the power

exerted by the spring 36. As said rock-arm-

swings in one direction ‘or the other the con-
troller-arms 29 and 83 will correspondingly

125

swing over the contacts 31 and 35 of the two
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sets of resistances of the rheostat 32 and the -

. current passing ‘through the brake-control-

ling solenoid 25 and the series motor gov-

-erning the rate of rotation of the mandrel .

will be correspondingly eut down or built
up, as‘the case mav be.

The manner in which the automatic elec-

_tric controlling means or switch mechanism

just described operates to regulate the rate
of travel -of the strand, both at the point

‘of supply and the winding point, will be

clear by referring to the diagram in Fig. 8,
in which the controller-arms 29 and 33 are
indicated by arrows as todperating with the
rows of contacts 81 and 85 of two sets of re-
sistance coils, one of which is indicated
at 38 and serves to control the solenoid 25,
while the other is divided into two sections,
39 and 40, controlling respectively the arma-
ture and field windings-of the series mdtor
12. 41 and 42 and 43 and 44 designate ter-
minals which, it- will be understood, are con-
nected with a suitable source or sources|of
electric energy, and it will be clear that when
there.is no resistance 38 in the circuit of the
solenoid 25 and no resistance 39 or 40 in
shunt with the circuit of the armature 45,
or the field windings, 46, of the series motor
12 the full strength of the current employed
to energize the solenoid 25 will flow through
sald solenoid and the full strength of the

~current used in the motor 12 will pass

through both the armature windings and the
field windings of said motor. The manner
in which the controller-arm 33, moving in
cither- direction from a ‘central point, cuts
the sections of the resistance coil 38 into or

- out of circuit:will be obvious. This solenoid
. circuit is shown in light lines in Fig. 8 to

490.

distinguish it from the circuit through: the

. motor. When the controller-arm 29 is on the

45

central contact of the series of contacts 31 the

circuit “of -the motor 12 will be directly
through the field windings and the armature

windings thereof, as will be clear from the
diagram. _When, however, the arm 29
swings either to the right or to the left onto
the contacts controlling either the resistance

-'40 or the resistance 39 a shunt, of greater or

50
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less resistance arcund either the field wind-

ings or the armature windings, as the case

may be, will be established and a portion of
the current traversing such windings cor-
respondingly shunted, as will be clear from:
said diagram. When the controller-arm 29
reaches its extreme right-hand position the
field windings 46 will be completely shunted
and all the current will pass from terminal -
44 through conductor 47, resistance 40, con-
troller-arm 29 and conductor 48, to and -

‘through the armature windings without

passing through the field windings; while
when in its extreme left-hand position all of

. the current will pass from said terminal 44

through conductor 47, through the windings

1,166,048

46, conductor 48, controller-arm 29 and con-
ductor 49, to the opposite terminal 43 with-
out passing through the armature windings
45, and thus an absclute short circuit of the
armature will be established and the motor
will ‘be instantaneously stopped automati-
cally when the controller-arm. 29 reaches this
extreme left-hand position. -

It will be clear from the foregoing that by
the means described there is obtained an in-

‘terdependent control of the movements of .

the strand at the point of supply and the
winding point respectively which control is

-exceedingly sensitive and is responsive sub-
stantially instantaneously to any variation

whatever in the position of the principal
controlling point, viz., the axis of the guide-
sheave 26, which change takes place when-
ever there is a change in the ratio of the
movements of the strand at such poin of
supply and winding point respectively. It
will -of course be clear that this change of
ratio may be due either to an increase or a de-
crease of the rate of travel at the winding
point, or to an increase or decrease of the

rate of travel at the point of supply, or to a

change in the rate of travel at both of said
points. As the controlling point changes
and the controller-arm swing in one direc-
tion or the otherthe flow of current through
the solenoid 25 and the series electric motor
12 will be varied in the manner before de-
scribed to produce the necessary changes in
the braking action and in the speed of rota-

tion of the armature shaft 11 automatically 3

determined by the action of the electrical
controlling means. for measuring-and indi-
cating the variations in the tension of the
strand, and for varying the rate of travel

‘of the strand in” accordance with such
“changes in tension. - R

What I'claim is: - o

. 1. In a winding machine, the combination
with a winding mandrel, of a motor nor-
mally operative for turning said mandrel,
and “electrical means coOperating  with the
strand at a point between the point of supply
and the mandrel and controlled by the ten-
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sion of the strand being wound for varying -

the rate of travel of the turning mandrel.
2. In a winding machine, the combination
with a winding mandrel, of a motor nor-
mally operative for turning said mandrel,
and electrical controlling means coperative
Wwith the strand at a point between the point
of supply and the mandrel for regulating

_the rate of travel of the turning mandrel.

3. In a winding machine, the combination
with a.winding mandrel, of a motor nor-
mally operative- for turning said mandrel,
and electrical controlling means for regulat-
ing the rate of travel of the strand at the
turning mandrel said means embodying an
element codperative with- the strand at a
point between the point of supply and the

116
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mandrel and controlled by the tension of the
strand. ! . o
4. In a winding machine, the combination
with a winding mandrel, of a motor for
g -turning said mandrel, and electrical control-
ling means for regulating the rate of travel
of the strand said means embodying an ele-
ment cobperative with the strand at a point
between the point of supply and the mandrel
10 and controlling said rate of travel and con-
"~ trolled by the tension of the strand.
- 5. In a. winding machine, the combination
~ with a winding mandrel, or a motor nor-
mally. operative for turning said mandrel,
18 and electrical controlling means for regulat-
ing the rate of travel of the strand at the
turning mandrel said means embodying an
- element controlling said rate -of travek and
- ‘asecond element controlled by the tension of
z0 the strand. y . :
6. In a.winding machingé, the combination
with 'a winding mandrel, of a motor nor-
. mally operative for turning said mandrel,
~ and. electrical means codperative with the
25 strand at a point between the point of supply
.~ and the mandrel and controlled by the ten- .
sion of the strand being wound for varying
the speed of said motor.” - ‘
7. In a winding machine, the combination
80 with a winding mandrel, of a motor nor-
' mélly operative for turning said mandrel,
‘and electrical means codperative with the
- strand at a point between the point of sup-
ply and the mandrel and controlled by an
35 Increase in the tension of the strand being
wound for reducing the speed of said motor.
8. In a winding machine, the combination
with a winding mandrel, of a motor nor--

mally operative .for turning said mandrel, -

40 and électrical means codperative with the
strand at a point between the point of sup-
- ply and the mandrel and controlled by a de-
- crease in the tension of the strand being
~wound. for increasing the speed of said mo-
4 tor. R RGN
- . 9. In a winding machine, the combination
~ with a winding mandrel, of a series motor
- for turning said mandrel-and having field
-~ and armature windings, and means controlled
50 by an increase in the tension of the strand
- being wound for shunting one. of said wind-
ings. : L '
_ZglO. In a winding machine, the combina-
tion with a winding mandrel, of a series mo-
58 tor for turning said mandrel and having
field and armature windings, and means con-
" trolled by changes in the tension of the:
strand being wound ‘for shunting both of.
said windings but each at a.different time.
60 - - 11. In a winding machine, the combina-
_tion with a winding mandrel and - with
, means for supplying a strand; of a motor
" normally operative for turning said man-
- drel, and circuit-controlling means governed’
65.by. the tension of the &trand between the

. r) . ' ! 5
point of suﬂpplyv and the mandrel for vary-
ing the speed of said motor.. -

12. In a winding machine, the combina-
tion with a winding mandrel, 6f an inde-

- pendent motor unconnected with the remain-
. der of the winding machine and normally

operative for turning said mandrel, and
electrical means codperative with the strand
at a point between-the point of supply and
the mandrel and controlled by the tension of
the strand being wound for varying the
speed of said motor. o

13. In a winding machine, the combina-
tion with a winding mandrel, of a motor for
turning said mandrel, and an automatic ten-

-ston. device cobperative with the strand at a

point between the point of supply and the

strand and embodying electrical means for

- varying the rate of travel of the turning

mandrel. ‘ . .
14. In a winding machine, the combina-

“tion with a winding mandrel, of means for

70
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_mandrel and controlled by the tension of the -

86

supplying a strand, a take-up device for con- -

trolling .a loop in the strand between -cthe

-point .of supply and the winding point, and
electrical means controlled by said take-up

device for varying the rate of travel of the
turning mandrel. . L
15. In a winding machine, the combina-

‘tion with a winding mandrel, of means for
-supplying a strand, a take-up device for con-

trolling a loop in-the strand between the

point of supply and the winding point, and-

electrical means controlled by said take-up

device for varying the rate of travel of the

strand at the mandrel. . oo
16. In a winding machine, the combina-

90
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tion with a winding mandrel, of means for

supplying a strand, a take-up device for
controlling a loop in-the strand between the

point of supply and the winding point, and

automatic electrical means controlled by said
take-up device for varying the rate of travel
of the strand-supplying means and of.the
turning. mandrel.- - - ’

17, In a .win

supplying a strand, a take-up device co-
operative with -and controlling a loop in
the strand between the point of supply and
the winding point, and electrical control-
ling means governed by said take-up device

for virying the rate of travel of the strand.

18. In.a winding machine, the combina-
tion with a winding mandrel, of means for

the winding point, and electrical controlling
means for varying the rate of travel of the
strand, said means including a contact-arm
governed by said take-up device.

19. In a winding machine, the combina-

tion with a winding mandrel, of means for

106
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ding machine, the. combina- _
“tion with a winding mandrel, of means for

1156

120

‘supplying a strand, a take-up device co-
operative_with and controlling a loop in
" the strand between the point of supply and

125
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supplying a strand, a take-up device co-
operative with and controlling a loop in the
strand between the point of supply and the
winding point, and electrical means for

regulating the rate of travel of said strand

at each of said points in proportion to'the
movements of said take-up device.

90: In a winding machine, the combina-
tion with a winding mandrel, of means for
supplying a strand, a take-up device for con-
trolling a loop in the strand between the
point of-supply and the winding point, a
motor for turning the mandrel, and means
for varying the speed of said motor in pro-
portion to the movements of said. take-up
device. ’

91. In a winding machine, the combina-

tion with a winding mandrel, of means for.

supplying a strand, a take-up device for con-

trolling a loop in the strand between the

" point of supply and the winding point, a

25

30

motor for turning the mandrel, a brake for
said supplying means, and means for vary-
ing both the speed of said motor and the
braking action in proportion to the move
ments of said ‘take-up device. :
99, In a winding machine, the combina-
tion with 2 winding mandrel, of means for
supplying a strand, a take-up device for con-
trolling a loop in the strand between the
point of supply and the winding point, elec-

trically-operated means for regulating the
_tate of travel of the winding mandrel, and
“a' rheostat for. varying the operation of
" gaid electrically;operated means in. propor-

- "tion to the movements of said take-up device
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“and having a contact-arm governed by said

take-up device.
93. In a winding machine, the combina-

tion with a winding mandrel, of means for.
supplying a strand, a-take-up device for
controlling a looprin the strand between the.

point of supply and the winding point, and
electrical controlling means for varying the
rate of travel of the strand, said means in-
cluding a motor for turning the mandrel
and a contact-armi governed by said take-

" up device and controlling the operation of

said motor. - -

94. In a winding machine, the combina-.

tion with a. winding mandrel, .of means for

supplying a strand, a take-up device for.
controlling a loop in the strand between
“the point of supply and the winding point,
and’ electrical controlling means for vary-.
“ing the rate of travel of ‘the strand, said
means inéluding a motor for turning the-

mandrel, and a rheostat governing the oper-
ation of said motor and having.a contact-
arm governed by ‘said take-up device.

- 95. In a winding machine, the. combina-

‘tion ‘with a- winding mandrel; of means for.

supplying a strand, a take-up device for-con-
trolling a loop- in the strand between the

point of supply and the' winding point, a
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motor for turning-the mandrel, a brake for

said supplying means, and electrical control-
ling means governing the operation of said
motor and brake and including a rheostat
having a pair of contact-arms governed by
said take-up device and corresponding re-

" spectively to said motor and brake.

926. In a winding machine, the combina-
tion with, a winding mandrel, of means for

- supplying a strand, a.take-up device for

controlling a loop in the strand between the
point of supply and the winding point, a
series motor for turning the mandrel, and
means controlled by the take-up device for
shunting one of the windings of said motor
to vary the rate of travel of said motor and

‘the strand.

97. In a winding machine, the combina-
tion with a winding mandrel, of automatic
electrical means for supplying a strand, and
means controlled conjointly by said man-

-drel and supplying means and coBperative

with the strand at a point between them
for regulating the rate of travel of the
strand. : ‘ . :
98. In -2 winding machine, the combina-
tion with a winding mandrel, of automatic
electrical means for supplying a strand,
and means controlled conjointly by said
mandrel and supplying means and codpera-
tive with the strand at a point between
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them for maintaining a substantially con-

stant tension upon the strand.

99, Tn a winding machine, the combina-
tion with a_winding mandrel, of automatic
electrical means for supplying a strand, and
means controlled conjointly by said mandrel
and supplying means and cooperative with
the strand at a point between them for
maintaining a substantially constant ten-
sion upon the strand at the winding point.

/30, In a winding machine, the combina-
tion with a winding mandrel, of a motor
normally operative for turning said man-
drel, and electrical controlling means co-
operative with the material at a point be-
tween the point of supply and the mandrel
for regulating the rate of travel of the
turning mandrel. '

© 31 In a winding machine, _the- combina--

tion with a winding mandrel, of means for
supplying a -material, a take-up device for
controlling a loop in' the material- between
the point of supply and the winding point,

and electrical means controlled by said take-

up device for varying the rate of travel of
the turning mandrel. . ..~
32. In a winding machine, the -combina-

supplying a.material, a take-up device for

"controlling a loop in the material between
the point of supply and the winding point,

and electrical means controlled by sdid take-

up device for varying the rate of travel of

the material at the mandrel. .
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‘tion with ‘2 ‘winding mandrel; of means for
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33. In a winding machine,  the combina-

~ tion with a winding mandrel, of means for
- supplying’ a material, a take-up device co-
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operative with and controlling a loop in the.
naterial between the point ef supply and
the winding point, and electrical control-~ -

ling means governed by said take-up device
for varying the rate of travel of the ma-
terial. C '

34. In a winding machine, the combina-
tion with a winding mandrel, of means for
supplying a material, a take-up device co-
operative with and controlling a loop in the

~ material between the point of supply and

the winding point, and electrical controlling
means for varying the rate of travel of the
material, said means including a contaet-

_-arm governed by said take-up device.
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85. In a winding machine, the combina-
tion with a‘winding mandrel, of means for
supplying a material, a take-up device for
controlling .a loop ‘in the material between
the point of supply and the winding point,
a motor for turning the mandrel, and means
for varying the speed of said motor in pro-
portion to the movements of said take-up

device.

86. In a winding machine, the combina-
tion with a winding mandrel, -of means for
supplying a material, a take-up devide for
controlling a loop in the material between
the point of supply and the winding point,

electrically-operated - means for regulafing -

the iate of travel of the winding mandrel,
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and a rheostat for varying the operation of
said electrically-operated means in propor-
tion to the movements of said take-up de-
vice and having a contact-arm governed by
said take-up device. , .

37. In a_winding machine, the combina-
tion with a-winding mandrel, of means for
supplying a material, a take-up device for
controlling 4 loop in the material between
the point of supply and the winding point,
nd electrical controlling means for vary-
ng the rate of travel of the material, said

_means including *a motor for turning the

mandrel and " contact-arm governed by said
take-up device and controlling the operation
of said motor. - '
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38. In a winding machine, the comb.ina-_ .

tion with a winding ‘mandrel; of means for

-supplying a material, a take-up device for

controlling a loop in the material between
the point of supply and the winding point,
and electrical controlling means for varying
the rate of travel of the material, said means

"including a motot for turning the mandrel,

and a rheostat governing the operation of

- said motor and having a contact-arm gov-
erned by said take-up device.

Signed at New Haven in the county of
New Haven and State of Connecticut this
9th day of October A. D. 1913, -

-~ CHARLES R. UNDERHILL.

Witnesses: - C :
- -+~ Mary A. Murrny,

‘Eva M. Viser.
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