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This invention relates to control systems, more

~ particularly to systems in which an object is con-

trolled in accordance with the rate of change of

speed of a controlling element, and it has for an

5 object.the provision of a simple, reliable and im-
proved system. of this character. '.

More specifically the invention relates to con-

trol systems for electric motors, and a morg spe-

cific object is the provision of means for control-

10 ling the input to the controlled motor in accord-

ance with the rate of change of speed of a control

element. ]
In another of its aspects, the invention relates

to motor control systems for apparatis having a .

15 motor driven element-operating on. a strip of ma-
terial and a motor driven reel for supplying the
strip to the operating element or taking up the
strip delivered by the operating element, and a
further object of the invention is the provision

o¢“0f means for maintaining a substantially constant
‘tension in the strip between the operating ele-
ment and the reel during accelération and de-
celeration of the driving motors as well'as when
the motors are operating at constant speed. °

25 In carrying the invention into effect in one form
thereof, the energization of a dynamo-electric
machine is varied in accordance with the speed

of a variable speed controlling element and this.
machine is provided with a substantial amount of

fly-wheel effect so that its current varies in ac-
cordance with the rate of change of speed of the
controlling element and this variable current is

utilized to exert a controlling action on the de- .

vice or object which it is desired to control.

the supply or take-up reels, a regulator is pro-
vided for maintaining substantially constant cur-

10 rent input to the reel motor while operating at
’ constant speed, and means responsive to the rate

- of change of speed of the element driving motor

- are provided for varying the setting of the regu- -

‘lator in proportion to the rate of change of speed
of the element driving motor. In one embodi-
7 'ment . the rate of change of speed responsive

means for varying the regulator setting takes the:

form of an additional coil on the regulator for
modifying the action of the regular operating coil,

nected In circuit with the additional regulator
coil, supplied with a voltage varying with the
speed of the operating element, and designed with

- substantial fly-wheel effect, so that it draws a cur-’

55 rent varying with the ra.tg “of change of speed of

5 As applied to the control of motors for driving
_an element operating on a strip of material and

together with a dynamo-electric’ machine con- .

(Cl. 242—15)

the element driving motor to vary the setting of
the regulator. )

In illustrating the invention in one form there-
‘of it is shown as embodied in & motor control sys-
tem for the mill and take-up reel motors of a
cold strip steel rolling mill.
more complete understanding of the invention

" reference should now be had to the following
specification and to the accompanying drawings
in which Pig. 1 is a simple, diagrammatical rep-
resentation of an embodiment of the invention
and Figs. 2'and 3 are simple diagrammatic repre-
sentations of modifications thereof. )

Referring now to the drawings, a strip of ma-
terial 10 such for example as-cold steel is being
fed in the direction of the arrow to a pair of re-

~ducing rolls {1 between which the gauge of the
strip is suitably reduced and the strip emerging
from the rolls is wound upon a take-up reel (2.
The rolls {1 are driven by any suitable driving
means illustrated in the drawings as an electric
motor 18 of the direct current type which in turn
is supplied from any suitable source such as that
represented by the variable voltage generator (4,
with the armature of which the armature of the
motor, 13 is connected in a loop circuit' when the
switch™ 15 is in its closed position. Similarly the

For a better and .
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reel 12 is driven by a diréct current driving mo- .

tor 16 which may be supplied from any suitable
source but which is preferably supplied from the
mill motor supply generator .4, when the switch
17 is in its closed position.. Both motors 13 and
16 are-shown as direct connected to the machine
elements which they drive but in practice a gear
drive is usually employed. :

" The supply generator i4 is driven at a speed
which is preferably. substantially constant by any
suitable driving means (not shown) such for ex-

ample as a synchronous motor or an altérnating ;

current.induction motor. As shown, the genera-
tor 14 is.provided with a field winding 18 sup-
plied  from a suitable constant potential source
represented by the plus and minus supply lines
- 20 and its excitation is adjusted by means of a
suitable rheostat 21 included in circuit therewith.
As i1s well understood, operation of the rheostat
21 to vary the excitation of the field 18 produces
a corresponding variation in the voltage of the
generator 14 and the speed of the driving motors
{3 and 16 supplied therefrom. The connection
of & driving motor in a loop circuit with a va-
riable voltage generator, such as shown in the
drawings, is usually referred to in the art as-a
Ward-Leonard connection and it has the advan-

_tagg that the speed of the motor can be smoothly
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Included in the circuit of the fiy-wheel motor and
the auxiliary coil 35 for making minor adjust-
ments without changing the fly~-wheel. )

For different settings of the regulator setting
rheostat 28, the same .amount of accelerating
current in the armature of the reel motor will
vary the effect of the regulator operating coil
26 and thus it becomes necessary to change the
effect 'of the auxiliary coil 35 in proportion. For
this purpose a rheostat 41 is provided which
shunts a larger or smaller proportion of the cur-
rent drawn by the fiy-wheel motor 33. As shown,
this rheostat is mechanically coupled to the reg-
ulator setting rheostat 28 and is operated by a
common hand wheel so that it varies the effect
of the auxiliary coil 35 in proportion to the
amount the regulator setting rheostat 28 varies
the effect of the coil 26 during acceleration and
deceleration of the reel. .

The operation of the system is as follows:

Assuming that the supply generator 14 is being
driven at its proper speed, the miil motor 13 and
the reel motor 16 are started from rest by oper-
ating the rheostat 21 to decrease the resistance
in the field circuit of the supply generator and
thus to increase the generator voltage. For the
pass in which the motor (6 driving the reel to
wind the delivered strip, -the movable contact of
switch 31 is moved to engage its upper stationary
contact, thereby rendering the regulator contacts
30 active so that the regulator responds to reg-
ulate the motoring action. For any given mil
speed, the fly-wheel motor 33 operates at a cor-
responding speed and draws an almost insignifi-
cant current from the tachometer generator 32.

As long as the mill speed remains constant,
the regulator 25 functions in the previously de-
scribed manner to maintain substantially con-
stant current input to the reel motor 16 by in-
creasing the excitation of the reel motor to de-
crease the speed thereof as the diameter of the
coll on the reel 12 increases. Thus, for any mill
speed the regulator 25 maintains substantially
constant tenslon in the strip between the reel
and the mill rolls. o

If now the speed of the mill is increased the
voltage of the pilot generator 32
in proportion, and the fly-wheel motor 33, tend-
ing to follow the speed of the pilot generator 32
will draw an increased current in order to accel-
the fly-wheel 34, This
current is approximately proportional to the
rate of change of speed of the pilot generator
32 and is thus approximately proportional to

rate of change of speed of the mill motor 13

-which in the illustrated system serves as the’

variable speed controlling element. Thus the
value of the current drawn by the fly-wheel
motor serves as a measure of the rate of change
of speed of the mill. Since this current flows
through the auxiliary coil 35 which at this time
is acting differentially with respect-to the oper-
ating coil 26, the effect is automatically to in-
crease the ‘“setting” of the regulator without
tampering  with its operating coil 26 or its cir-
cuit. The greater the acceleration of the mill,
the greater will be the bucking action of the
auxiliary coil 35 and thus the higher will be set-
ting of the regulator. In other words, the in-.
creased current flowing in the auxillary coil 38§

decreases the effect of the operating coil 26 and’
this allows the reel motor 16 to- draw the in-

creased current that is necessary in order to ac-

‘celerate its own armature and the mass of the
reel without decreasing or losing the tension in
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- 7contacts

will increase

the -

the strip between the reel and the mill rolls.
Thus, it will be seen that the setting of the regu-
lator is automatically and properly adjusted to
allow the reel motor. to.draw the current required
for acceleration. As the fly-whee! motor comes
up to speed, the acceleration gradually decreases
and thus the regulator 25 gradually returns to
its original setting, )

When the mill is decelerated by decreasing the

"voltage of the supply generator 14, the direction’

3

10

of the current flowing in the circuit of the fly-

wheel motor and the auxiliary coil 35 will reverse,
This is due to the fact that the fly-wheel is an
energy storage device and. gives up its. stored
energy in the form of electric current when the
voltage of the pilot generator is decreased below
the value of the counter voltage of the fly-wheel
motor 33. As a result the effect of the auxiliary
coil 35 and the operating coil becomes cumulative
. thereby decreasing the effective setting of the
regulator, which condition ig exactly what is re-
quired for decelerating the reel motor S0 as not
to rupture the strip or unduly increase its ten-
sion. B : ‘
It will thus be seen that substantially constant
tension is maintained in the strip between the
mill rolls and the reel not only during constant

speed operation of the mill but during periods

of acceleration and deceleration as well.

In the above description it has been assumed
that the reel 12 is operating as a take-up reel.
However, if the mill is a reversing type mill, dur-
Ing the succeeding pass, the: reel operates as a
supply reel, and the motor 16 operates as a drag
generator driven by the strip, returning - energy
to the system and maintaining back tension.in
the strip between the reel and the mill. For
this operation, the movable contact of the switch
31 is moved into engagement with its stationary
contact thereby rendering the back contacts 30,
of the regulator active to control the resistance
24. The result of this change is to cause the
regulator to respond to “generating”
‘this connection it s to be noted that when the
88 are active an increase in the arma-
ture current causes the contacts 30_to short-cir-
cult the resistance 24 and thereby strengthen

the fleld. This is the correct regulating action if

the regulated machine is operating as a motor.
- If the contacts 30. are active, an increase in
the armature current causes the contacts 30. to

open, insert the resistance 24 in the fleld circuit

and thereby weaken the fleld, which is the correct
regulating actlon if the reguiated machine is
operating &s a generator. The operation of the
fly-wheel dynamo-electric machine 33 under this

‘condition is similar, but the reverse -of that just
described for the preceding pass. . Thus the
terms “take-up reel” and “motor” are to be in.
derstood as employed in a descriptive and not in
a limiting sense. . , -

" The arrangement shown in the modification
of Fig. 2 is in most respects identical with the
system of Fig. 1. However, In this modification
a variable rheostat 44 is included in the field cir-

action. In-
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cult of the mill motor 45 so that the mill speed is -

controlled not only by the generator voltage, but
also by weakening the field of the mill motor. As
shown, the motor fleld rheostat #4 is mechant.-

cally connected to the rheostat 46 in -the field -

circuit of the supply generator 47. The two
rheostats are operated by a comimon hand-wheel
48. - The resistance sections and movable contacts
of these rheostats are so'arranged that the speed
of the mill motor is not increased by field weak-
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ening until after the generator has been brought
to full voltage.. o

- In this modification the fly-wheel motor 88 is

" not supplied from & pilot generator as in the sys-

10

15, the system of Fig. 1.

20

26

tem of Fig. 1 but on the other hand Is connected

directly across the mains of the supply generator -

41. The armature of the fly-wheel motor is con-
nected in the circuit of the auxiliary coil 61 of
the regulator 52 which is in all respects identical
with the regulator 26 of Fig. 1. The separately
excited field winding 63 of the fly-wheel motor
50 and the fleld winding 64 of the reel motor 5%
are connected to sultable constant potential
sources indicated by pius and minus signs as in

There is a definite advantage in connecting the
armature of the fly-wheel motor 80 across the
terminals of the supply generator instead of en-
ergizing it from a separate pilot generator as in
the system of Fig. 1. It is obvious that the gen-
erator voltage increases before the mill speed can
follow the increase of voltage. Therefore, the

regulator. forcing coil 51 will be energized slightly

earlier than would be the case if the fiy-wheel
motor were connected to a pilot machine. This

- ugnticipating” action is especially advantageous

30

when starting up from rest. -

After the mill and reel have been accelerated
by raising the generator voltage, the rolling speed
may be further increased by weakening the field

- of the mill motor 45. Obviously, any suitable

36

 will cause the fly-wheel
‘able accelerating. current
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means, such for example as & rheostat similar:

to the rheostat 44 and actuated by the hand-
wheel 48 may be utilized to weaken the field of
the fly-wheel motor 53 simultaneously with the
weakening of .the field of the mill motor. This
machine to draw a sult-
from the generator
mains; this current, flowing through the foreing
éoil 51 will suitably increase the setting of-the
regulator and will permit the reel motor to
tain the strip tension substantially constant even
during this part of the accelerating period.

~The operation of the modified system of Fig. 2
is otherwise substantially identical with the pre-

viously described operation for the system of

Fig. 1 and repetition is unnecessary.

In the modifled system shown in Fig. 3 the fly-
wheel motor 80 is supplied from a pilot generator
81 driven by the mill motor 62 as in the system
of Fig. 1. The regulator 63 is in all respects
identical with the regulator 2§ in Fig. 1. The

 modified system of Fig~3 is different from the
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system of Fig. 1 in that the armature of a
booster generator 64 is included in the armature
circuit of the reel motor 68 between the arma-
ture terminals of the latter and the mains.of the
supply generator §6.
is driven at a speed which is preferably substan-
tially censtant by any sultable driving means
{llustrated. as an alternating current motor 81
supplied from & suitable source indicated by the
three supply lines 88. Either a synchronous mo-
tor or an induction motor may be utilized to drive
the generator 84. As shown, the field winding 10

‘of the booster generator is {ncluded in the cir-

70

5

‘prattically nil

cult of the armature of the fly-wheel motor 68
and the auxiliary regulator coil.’ S

In operation, when the mill is operating at sub-
stantially constant speed, the running light cur-
rent of the fiy-wheel motor 60 is practically neg-
ligible, with the result that the excitation and
generated voltage of the booster generator 64 are
'‘As the speed of the mill is in-
creased by increasing the voltage of the_mpply

20,388

main- |

The booster generator 84

generator 66, the fly-wheel motor 60 draws a cur-
rent proportional to the rate of change of speed
of the mill. This increased current flowing
through the field winding 10 of the booster gen-
erator will cause the latter to generate and in-
troduce an additional voltage in the armature
circuit of the reel motor 5. This additional volt-
age introduced in the armature circuit of the
reel motor will cause the latter to accelerate with-
out any tendency to diminish the strip tension.
It is also evident that the polarity of the booster
generator is automatically reversed so that it be-
comes a bucking generator during deceleration
and assists the reel motor to decelerate properly
without any tendency to increase the tension.

In other words, in the arrangement shown in
Fig. 3, the additional input to the reel motor, re-

10

quired during ‘the accelerating perlod, is obtained

either wholly-or partly by temporarily increasing
the applied voltage, instead of obtaining this ad-
‘ditional input entirely by increasing the arma-
ture current as in Figs. 1 and 2. In an extreme
case, a properly designed booster generator 64,
may fully take care of maintaining tension during
acceleration and retardation, dispensing entirely
with the forcing coil on the regulator 63. The
remainder of the arrangement and its operation

/1sln all respects

will not be re‘peatgdf .

- In accordance ‘with the provisions of the pat-
ent statutes this invention is described as em-
bodied in concrete form but it will be understood
that the apparatus, elements, and connections
shown and described are merely iliustrative and
that the invention is not limited thereto since
alterations and modifications will readily sug-
gest themselves to persons skilled in the art with-
out departing from the true spirit of this inven-
tion and the scope of the annexed claims.

What I claim.as new and desire to secure by

Lettérs Patent of the United States, is:

1. In combination, a variable speed element;

mesns for supplying a voltage varying with the
-speed of said element, a dynamo-electric machine
connected to said supply-means and provided
with substantial fly-wheel effect so that its cur-
- rent varies with the rate of change of speed of

said element. o -
_ 2. In a control system a variable speed element,
control means, and means for actuating said
control means comprising a dynamo-electric ma-
chine provided with substantial fly-wheel effect
and means for supplying a voltage varying with
the speed of said element to said machine so that
its current varies with the rate of change of speed
of said element.
3. A control system comprising

a variable speed

20

identical with that of Fig. 1 and -
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element, a controlled object, a control device for .

sald object, and means for actuating said device

comprising a dynamo-electric machine provided
with substantial fiy-wheel effect and means for

60

supplying a voltage varying with the'speed of - ‘V

said element to said machine so that its current

varies with the rate of change of speed of said
element. . : ‘ .

4. A control system comprising a variable speed

- element, & source of supply connected with said

element, a dynamo-electric machine supplied

from sald scurce and provided with substantial
- fiy-wheel effect so that its current varies with
the rate of change of speed of sald element, and
a control device responsive to sald current
5. A control system comprising a variable speed
_element, means for producing a voltage substan-
tially proportional to the speed of sald element,
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" machine and said supply means,

50

" generator.
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_element.

and & dynamo-electric machine energized from
sald voltage producing means and provided with
substantial fly-wheel effect so that its: current
varies with the rate of change of speed of said

6. A control system comprising a variable speed
element, an electric motor, & pilot generator
driven by sald element, & dynamo-electric ma-
chine supplied from said generator and provided
with substantial fiy-wheel ‘eftect so that its cur-
rent varies with the rate of change of speed of
said element, and means responsive to said cur-

' rent for controlling said motor. -
7. A control system for an electric motor com-’
& prising a variable
maintaining an

speed element, & regulator for
operating characteristic of said
motor substantially constant, means for produc-
ing a voltage varying with the. speed of said ele-
ment and a dynamo-electric machine energized

from said voltage producing means. and provided
so that its cur-.

with substantial fly-wheel effect
rent varles with the rate of change of speed of
said-element, and means responsive to sald cur-
‘rent for controlling the

8. A control system comprising a dynamo-
electric machine, supply means for said machine,
a booster generator connected in circuit with said
a variable volt-
age supply source and a dynamo-electric machine
supplied from said source and provided with
substantial fly-wheel effect for controlling sald

9. A motor control system comprising an elec-
tric motor, a source of supply therefor, & booster
generator connected in eircult with said mator
and a dynamo-electric machine provided with
substantial fly-wheel effect and connected in the
fleld circuit of said generator so as to control the
voltage supplied to sald motor. . )

10. A motor control system comprising & varia-
ble voltage source, & plurality
from said source. a booster generator having its
armature connected in circult with the armature
of one of sald motors, means for supplying a volt-

age vatying with the speed of the other of sald-

motors, s.'_dynamo-electric machine supplied from
said supply means and

. wheel effect and connections from the armature

50
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60

of said machine to the
-erator so that said generator controls said motor
in accordance with variations in the current of
said machine. )
11. A system Or

plurality of driving motors. & regulator having
an element responsive to the current of one of
said motors for maintaining the current input
to said motor substantially constant, means re-
sponsive to rate of change of speed of theé other
of said motors for controlling the action of sald
regulator comprising a coil on said regulator for
modifying the action of said current responsive

of motor éontrol comprising a

. element, an auxiliary motor energized in accord-
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snce with the speed of said other motor, the
armature of sald auxiliary motor being connected
to said coil and designed to have fly-wheel effect,
and a booster generator having its armature con-
‘nected to said regulated motor and its field wind-
ing included in circult with said coil and sald
auxiliary motor. L

12. A control system for apparatus having an
elémeént operating on 8 strip of material and a
take-vup reel for the delivered strip comprising &
motor for driving sald element, & motor for driv-
ing, said reel, means for holding - substantially
conétant tension in the strip comprising a regu-

20,363

action of said regulator.’

of motors supplied

having substantial fly- .

fleld circuit of said gen-

lator ha.vihg an operating elemeﬁt responsive to
the current of said reel motor for maintaining
substantially constant current input- to said

motor, means for varying the. setting of sald

regulator to maintain the strip tension substan-
tially constant during adjustments in the speeds
of said motors comprising an auxiliary motor en-
ergized in accordance with -the speed of sald ele-
ment driving motor and designed with fly-wheel
_effect so as to draw & current varying with the
change in speed of sald element driving motor
and a coil on said regulator for varying the ac-

5

10

tion of said current responsive element connected

In circuit with said auxiliary motor, and means
for introducing a voltage in the reel motor circuit
.varying with the change in speed of said ele-
ment driving motor. . -

13, A control system for apparatus having an
element operating on & strip of -material and a
"reel for the strip comprising a motor for driving
said element, a motor connected. to said reel,
regulating means for said reel motor for main-

15

20

~taining the tenslon of said strip substantially -

constant, and means
of sald regulating means substantially in propor-
tion to rate of change of speed of sald element
driving motor. -~
14. A control system for apparatus operating
/(c)gmprislng a motor for driving sald element, a
motor connected to said reel, a current regulator
for said reel motor for maintaining the tension
of said strip substantially constant, and means
for varying the current setting of said regulator
substantially 'in proportion to the acceleration
and deceleration of said element driving motor.
15. A control system for apparatus having an
clement operating on & strip of material and &
reel for the strip, comprising a motor for driv-
ing said element, a motor connected to. sald reel,
a regulator for controling the operation of- said
. reel motor, and control means for said regulator
comprising a dynamo electric machine controlle
in accordance with an operating condition of
sald element driving motor and an electrore-
sponsive device .connected in circuit with said
dynamo electric machine for modifying the op-
eration of said regulator. .
16. A control system for apparatus having an
-element operating on & strip of material and a
reel for the delivered strip comprising & motor

for driving said element, a second motor for driv-

ing said reel, a regulator for maintaining the cur-
rent input to said reel motor substantially -con-
stant, and means for varying the value of cur-
rent to be held by sald regulator comprising a
dynamo electric machine responsive to the rate
of change of speed of said element driving motor
and an electroresponsive device connected in cir~
cult with said machine for modifying the action
of said regulator. - - :
17. A control system for apparatus having an
element operating on a strip
reel for the strip comptising a motor for driv-
ing said element, a motor connected to said reel,
a constant current regulator

for modifying the operation  25

a strip of material and & reel for the strip _
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for sald reel motor

provided with a current responsive element, and -

means responsive to rate of change of speed of .

sald element driving motor for/varying the cur-
rent setting of sald regulator t¢ maintain the strip
tension substantially constant during speed
changes comprising & dyriamo electric machine
equipped- with an energy storing device, means
for supplying a voltage to said machine propor-
tional to the speed of sald element driving motor,

76
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- ing substantially constant e
reel motor, and means responsive to acceleration
of said element.driving motor for varying the set- .

.Buxiliary coil during deceleration.

6

electric machine for changing the action of said
current responsive element,

18. A control system for apparatus having an
element operating on a. Strip of material and a
reel for the strip comprising a motor for driving
said reel, a motor for driving said element, g

reel motor current,
current setting of said regulator in accordance
with the acceleration of said element driving
the strip tension sub-
stantially constant during speed changes -com-
prising a pilot generator driven by said element
driving motor, an auxiliary motor supplied from
sald generator and equipped with an energy stor-
ing fly-wheel, and 3 ¢oil included in circuit with
sald auxiliary motor for varying. the action of
said operating coil. i

‘19. A control system for ‘'mill apparatus ‘and’

the like having motor driven rolls for operating
on the strip and a reel for the strip, comprising
a motor connected to said reel, a regulator pro-
vided with a coil responsive to the reel motor cur-

of said current responsive coil, and g rheostat for
controlling the excitation of said auxiliary coil
to compensate for changes in the effect of said
regulator setting rheostat during acceleration.

" 20. A control system for apparatus having an -

€lement operating on g strip of material and g
reel for the strip comprising a motor for driy-

ing the reel, a motor connected to said element, -

a regulator provided with an operating coil re-
sponsive to the reel motor current for 'maintain-

ting of said regulator to maintain the strip ten-
sion. substantially constant during acceleration
and deceleration comprising an auxiliary coil on
said regulator connected across the armature of

said element driving motor for Varying the effect

of ‘said operating coil, and, an auxiliary motor

connected in the circuit of said auxiliary cofl and

provided with fly-wheel effect to provide for in-
creasing the current in said auxiliary coil during
acceleration and reduction of the current in said

plu-

21. A motor control system comprising a

current input to the

- Tesponsive to the arm

_ 20,353
and a coil included in' cireuit with said dynamo

connected' to a common load
body, a regulator for maintaining the current
input to one of said motors substantially con-
stant, and'means responsive to the rate of change
of speed of the other of said motors for vary-
Ing the setting of sald regulator, .

22. A control system for apparatus for wind-

rality of motors

. ing and reeling a length of material having a

reel for said materia] comprising a first dynamo

electric machine mechanically connected to sald

reel, a second dynamo electric machine mechani-

cally connected to the material, at & point re-

moved from said reel, a regulator for control-
ling said first machine to maintain the tension
in the materia] substantially constant, and means
responsive to the acceleration of said second ma-

- chine for varying the setting of said regulator.

23. A control system comprising a plurality of
dynamo electric machines connected to g strip
of material, g regulator for maintaining the cur-
rent flow in one of said machines substantially
constant, and means responsive to the rate of

15
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change of speed of another of said machines for .

varying the setting of said regulator,
24. A control system for apparatus for wind-
ing and reeling a length of material having g

25

reel for said materia] comprisinig in combination

a first dynamo electric ‘machine mechanically

~ connected to said ree] for tensioning the mate-

Sponsive to the rate of change of speed of sald
Second machine for varying the setting of said
regulator to control said first machine to main-

. tain said tension substantially constent during

acceleratic n and deceleration of said second ma-
chine. : . .

25. A control system for apparatus for wind-
ing and reeling a length of material having 3

reel and means for drawing said material from

30
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a regulator for controlling the excitation of sald

first machine to maintain said tension- substan-
tially constant, said regulator. having g winding
ature current of said first
machine, and a second inding, and means re-

sponsive to the rate of change of Speed of said.
second machine .for controlling the energization .

of said second winding thereby to vary the set-
ting of said regulator so as to control said first
machine to maintain said tension substantially
constant during acceleration and deceleration of
said second machine. S ’
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