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The present invention relates to a control sys-
tem for maintaining the relative torques of a
plurality of motors at predetermined proportion-
al values during their concurrent accelcration
and deceleration, and is of particular advantage
when employed for controlling the motors of a
strip mill at the beginning and end of each pass
as the strip iIs directed between its rolls.

Such mill usually comprises a pair of spaced
reels, each with a driving motor, and rolls inter-
posed between the reels and also provided with a
driving motor, so that a strip of metal to be rolled
may be wound on one reel, one end thereof led
between the rolls and attached to the other reel
and the entire strip then rolled and wound on
the latter reel as it is unwound from the first
reel. By reversing the direction of movement of
the reels and rolls, the strip may be wound back
and forth between the reels in this manner any

number of times and operated upon by the rolls .

at each pass until a desired thickness and length
are attained. Thus, during the reduction of each
strip, the reels and the rolls are repeatedly re-
versed in direction of rotation, and for most sat-
isfactory results it is desirable that tension be
maintained on the strip continuously from initia-
tion to completion of the rolling operation.

It will also be understood by those skilled in
the art that the speed of roliing is customarily
varied through wide limits in accordance, inter
alia, with the strip speed, its thickness and other
well-known factors. Thus, when the strip is rel-
atively thin it may be rolled at high speed, but
a considerable amount of strip then passes. be-
tween the rolls during acceleration and decelera-
tion of the mill and it is desirable that uniform
tension be maintained on the strip during these
periods, irrespective of the rate of speed change
or the time consumed thereby.

It is therefore a principal object of our inven-
tion to provide a control system particularly
sdapted for association with a strip mill of the
aforesald character which is effective to control
the operation of the mill motors in such way as
to maintain predetermined relationships between
their respective torques, so that a tension suitably
proportioned to rolling conditions may be main-
tained on the strip during acceleration and de-
celeration: of the mill motors while the strip is
being rolled.

A further object of the invention is the provi-
sion of a control system for three electric mo-
tors, of which one is driven mechanically from
one of the others, operative to maintain a prede-
termined relation between the torque of the

driven motor and an opposing torque of the driv-

‘ing motor, as well as between the torques of both

these motors and that of the third motor.

Another ohject is the provision of means for
controlling the torque of one motor relatively to
that of another in predetermined ratio to the
rates of accelération and deceleration to which
said motors are subjected.

Another object is the provision of a commer-
cially practicable strip mill control system of the
character aforesaid comprising electrical  and
mechanical instrumentalities well known in the
art suitably interconnected to properly perform
their several interrelated functions uniformly and
reliably and to afford substantlally automatic
regulation of the strip tension.

A still further object of the invention is to
provide a control system for a strip mill which
is well adapted to meet the needs of commercial
operation and which by permitting more rapid
acceleration and deceleration of the mill and re-
ducing strip breakage and other causes of delay
frequently arising during these periods, facilitates
the rolling of a strip in a minimum of time.

Another objeet is to provide a control system
utilizing relatively inexpensive instrumentalities
which may be of such type and so arranged as
to occupy but a relatively small space, while af-
fording ‘adequate and reliable automatic control
of the strip tension during acceleration and de-

- celeration of the mill without the expenditure of

large quantities of power and therefore without
material expense for operation or maintenance.

Other objects, purposes and advantages of the
invention will hereinafter more fully appear or
will be understood from the following description
of one embodiment thereof illustrated in the
accompanying drawing.

“The said drawing is a simple diagrammatic
representation of the principal electrical ele-
ments and connections employed in the system

_ with certain mechanical elements of a strip mill

of a usual type associated therewith and indi-
cated by conventional symbols,
The mill comprises a pair of reels R, R’ between

~which a strip S, passinz over suitable idlers I

and between mill rells M is arranged for winding
alternately upon either reel. The reels R, R’
are respectively driven by variable speed driving
motors 1, 2 and the rolls by another variable
speed motor 3, usually through suitable reducing
gears or the like (not shown).
and 3 are preferably separately excited direct
current motors and therefore adapted to operate
with substantially equal efficiency in either direc-
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tion and at any speed within usual limits, and
our control system is interconnected with the
motors through their respective armature and
fleld windings to control their torques under op-

‘5 erating conditions.
The strip S is shown as wound on reel R’ with
one end extending therefrom over idlers I, be-

tween rolls M and attached to roll R and thus in

position to be unwound from reel R’, operated

10 Upon by rolls M and wound upon reel R, and the

control mechanism will be therefore considered
first as in condition for controlling the mill dur-
ing this operation. For operating the mill in
this direction a reversing switch C, hereinafter

15 more tully described, is closed on the right hand
side as shown. :

The basic energizing force for the control 8ys~

tem and for the mill is derived from any conven-
fent sourece of current through leads Li, 12, L3

20 controlled by a switch 10 to drive a motor | I;
the latter is preferably an alternating current
motor as current sultable therefor is usually
readily obtainable. In the drawing switch 10 is
indicated as open, but it will be understood it is

25 normally  closed throughout the rolling opera-
tion.

The motor (1 is mechanically connected to drive

& separately excited direct current generator (2"
and & self-excited direct current generator 13,

30 The exciting current for field 5 of generator 1218
derived from output leads 18, 17 of generator I3
through leads (8, (9, and a suitable rheostat 20
is interposed in the latter so that the excitation
of field 16 and hence the voltage output of gener-

35 ator 12 may be controlled by the operator, while
interconnection of two poles of reversing switch C

in these leads permits reversal of the fleld and’

hence the direction of rolltng.

The armature of roll motor 8 is directly con-
nected through leads 24, 28 to generator {2 while
the field 26 of this motor is directly connected with
output leads 18, 17 of generator {3. Thus, when
the excitation of field (8 of generator 12 is varied
by operation of its fleld rheostat 20, the voltage
supplied to the armature of motor 3§ is proportion~
ally varied and a roll driving torque is developed
in’ the motor to drive it at a speed proportional
to the voltage output of generator 12 as deter-
mined by the adjustment of rheostat 20.
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is connected through a resistor 38 with the gen-~
erator output leads 24, 28, and is therefore cor-
respondingly supplied with driving current from
generator {2 under the conditions of operation
assumed, while the primary winding 31 of a
transformer T in series with a resistor 32 is also
connected to the same output leads. '
The fleld 3§ of motor | is excited from genera-
tor 13, and the exciting current passes from the
60 latter through lead 17, field 39, lead 89, the top
pole of reversing switch C, lead 37, resistor 38,
and lead 18 back to the other side of generator
8. A low resistance actuating solenoid 48 in
8erles with contacts 41, 42 of a vibrating relay B
65 18 shunted across resistor 38 30 that when the
contacts are closed the effect of the resistor on
~ the current in fleld 38 is removed but is restored
when the contacts are ppened. Arm 44 of relay
B is arranged for oscillation on a fulcrum 45
and is controlled by a spring 48 and an opposing
solenoid 47 in such manner that the force ex-
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erted by solenoid 471 approximately balances the

tension of spring 48 when the solenold current
is at a minimum. When this current is increased
75 the spring is overbalanced and the ratio of the

The armature of reel motor | driving reel R’
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time contacts 41, 42 are closed to the time they
are open I8 also increased, and when the current
is reduced this ratio is correspondingly decreased.

Solenoid 47 is connected in series with the sec-
ondary winding 48 of transformer T by. means
of reversing switch C and leads 50, B/, and this
series circuit is connected across resistor 30: the
strength of the current in solenoid 47 is thus
modified by the voltage induced in the secondary
winding of transtormer T.

This voltage when induced as a result of an
increase in the generator voltage subtracts from
the voltage drop across resistor 30, so that the
current in solenoid 41 is momentarily reduced,
thereby decreasing the ratio .of the time contacts
41, 42 are closed to the time they are open; this
in turn results in a corresponding decrease of
current in fleld 38 of motor I, which causes an
added Increase of current in the motor armature
and resistor 30 until the current.in solenoid 41
is restored to almost its original value. Con-
versely, when the secondary voltage 1s induced
by a decrease in that of the generator and thus
is produced in the opposite direction, it adds to
the voltage drop across resistor 30 and the current
in solenoid 41 is momentarily increased, thereby
Increasing the ratio of the time contacts 41, 42
are closed to the time they are open; this in turn
results in a corresponding increase of the cur-
rent In fleld 3% of motor |, which causes an
added decrease of current in the motor armature
and resistor 30 until the current in solenoid 41
is restored to almost its original vaiue. The relay
B in this manner controls the average excitation
of fleld 38 s0 as to maintain practically constant
voltage ‘'across solenoid 41. When the voltage

" of generator 12 remains constant there is no volt-

age induced in the secondary winding 48 of trans-
former T and consequently, since the voltage
across solenoid 47 is practically equal to the volt-
age drop across resistor 30, the relay B will regu-
late the excitation of fleld 3% so as to maintain

‘virtually constant current throuzh the armature

of motor ( and resistor $9. .

Thus, when rheostat 28 is operated to start
the mill by increasing the excitation of field {8
of generator {2 and hence its voltage output, the
armatures of motors | and 3 are energized to
drive reel R and rolls M in the proper direction
to draw the strip 8 from reel R’, roll it and wind
it on reel R.. The voltage across the armature
of motor | is thus progressively increased as the
mill is brought to rolling speed, the rate of in-
crease being determined In accordance with the
rate of acceleration desired. During this period
the voltage across solenoid 47 is maintained prac-
tically constant by the action of relay B on the
current in field 38 as just explained, and since the
voltage induced in cofl 48 of transformer T is
proportional to the rate of acceleration of motor
3, the current in motor { and resistor 30 is in-
creased by an additional amount proportional to
the rate of acceleration of motor 3. This amount
of increase of current in motor | can he adjusted
to any desired value for a predetermined rate of
acceleration by varying the amount of resistance
In resistor 32 and when this adjustment is proper-
ly made, the current in motor | increases Just
enough relatively to the increase of that in mo-
tor 3 during acceleration to provide the addi-
tlonal torque required to accelerate the moving
parts of motor | and reel R in the desired ratio
to the acceleration of motor 3 and rolls M. The
current in motor | may thus be regulated in such
manner as to maintain constant tension on the
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strip S between rolls M and reel R during the
acceleration period, regardless of the rate of ac-
celeration.

During the acceleration period the desired ten-
sion on the strin between unwinding reel R’ and

~the rolls is also maintained by mechanism and
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circuits now to be described. Thus, the arma-
ture of motor 2 which is mechanically geared to
reel R’ is connected in series with resistor 38’ to
leads 24 and 25 of generator 12, while the fleld
35’ of this motor is excited through resistor 38’
and reversing switch C from generator 13. Mo-
tor 2 is thus so connected with the generator cir-
cuits as to be driven in the same direction as
motor. ¢, but field 35’ is so controlled by mecha-
nism (not shown) which bears no specific rela-
tion to the present invention, that strip S when
being ‘drawn from reel R’ tends to drive the mo-
tor faster than the speed at which it would oper-
ate under no load, and its counter electro-motive
force is therefore greater than the voltage sup-
plied to it and in the opposite direction; it thus
exerts a regenerative braking effect on reel R’
and hence a tension on the strip. In order to
control this tension during the acceleration pe-
riod, a transformer T’ is shunted across leads 24,
26 with a resistor 32’ in series with its primary
winding 31’; the secondary winding 48’ of this
transformer T” is connected through reversing
switch C in series with solenoid 41’ of vibrating
relay B’ and this series circuit is shunted across-
resistor 30’, so that when the voltage of generator
12 is increased to accelerate the mill, the in-
duced voltage in the secondary coil 48’ adds to
the voltage drop across resistor 30’, and since the
relay B’ regulates the current in fleld 3% so as to
reduce the regenerative current in motor 2 and

resistor 30’ until the current in solenoid 47’ is -

maintained practically constant, the amount of
decrease of current in motor 2 will be proportional
to the rate of acceleration of the miil. By prop-
er adjustment of resistor 82’ this amount of de-
crease of regenerative current in motor 2, when
the mill is being accelerated, can be adjusted so as

5 to reduce the regenerative torque by an amount

equal to the torque required to accelerate motor
2 and reel R’. The current in motor 2 is thus
regulated in such manner as to maintain constant
tension in the strip between rolls M and reel R’
during the acceleraticn period regardless of the
rate of acceleration.

Relay B’ is in certain respects similar to relay
B heretofore described but its solenoid 40’ is ar-
ranged to act upon arm 44’ in the opposite direc-
tion; in other words, in opposition to spring 46’
and hence in the same direction as solenoid 47’
rather than in opposition thereto, and contacts
41’, 42’ are so arranged that the circuit of sole-
noid 40’ is broken when the arm is operated by
energization of this solenoid; the ratio between
the time they are closed and the time they are
open thus varies through a wide range for a
small change of the current in the regulating
solenoid 471°. If preferred, however, a relay like
relay B but with its actuating solenoid  and
spring connected to the arm on the opposite side
of the fulcrum may be employed in place of re-
lay B’ as shown.

‘When the mill has been brought up to speed,
the strip is rolled in the usuai manner until the
point is reached at which deceleration is to be-
gin when rheostat 20 is operated In the opposite
direction to reduce the excitation of the fleld of
generator 12 and consequently decrease its out-
put. The voltage supplied to motors | and 2

Y

3

from generator 12 is therefore reduced, and volt-
ages are induced in the opposite directions in
secondary windings 48, 48’ in transformers T,
These currents therefore have the opposite
effects on the respective armature currents from
those created during acceleration of the mill

. ‘'while the excitation of solenoids 41, 41’ of vi-

brating relays B, B’ is also varied in accordance
with the rate of change of the respective arma-
ture voltages; the armature current of motor {
is therefore decreased and that of motor 2 in-
creased substantially in proportion to the rate
of decrease of the voltage output of generator
12. The desired tension on .the strip is thus
maintained on both sides of rolls M during de-
celeration as well as during acceleration when
the strip is being rolled in the direction of the
arrow in Fig. 1. v
Reversing of the mill has been- incidentally

mentioned and will now be more fully described

with particular reference to the six-pole double
throw reversing switch C which, as diagrammati-
cally shown in the drawing, may be employed
for selectively connecting relay B and resistor 38
in eircuit with fleld and the armature respec-
tively of either motor | or 2, for connecting re-
lay B’ and resistor 38’ in circuit with the fleld

and the armature respectively of the other mo-

tor, and also for reversing fleld 15 of generator

~12 when the strip is to be rolled in the opposite
direction. '

It is common practice to make motors 1 and 2
as nearly identical as possible and consequently
when reversing switch C is thrown to the left
hand side motor | operates as a generator to ex-
ert a regenerative braking effect on the strip and
is controlled by relay B’, resistor 38’ and sole-
noid 471’ of this relay now in ecircuit across re-
sistor 38, while motor 2, now driving reel R’ to

wind the strip thereon, is controlled by relay B,

resistor 38 and solenoid 471 of the latter relay in
circuit across resistor 30’.

While we have herein described our invention
with considerable particularity and made exten-
sive reference to specific circuits and arrange-
ments of parts and connections which we deem
preferable for controlling a strip mill, it will be
understood that we do not thereby desire or in-
tend to limit or confine ourselves specifically

thereto or to any apparatus particularly referred °

to as adapted for the performance of the several
functions of the instrumentalities we employ, as
changes and modifications therein will readiiy
occur to those skilled in the art and may be made
if desired without departing from the spirit and
scope of the invention as defilned in the append-
ed claims. ) :

Having thus described our invention, we claim
and desire to protect by Letters Patent of the

- United States:

1. In a control system for an electric motor, a
resistor in the motor fleld circuit, means for in-
termittently shunting out said resistor, and
means for controlling said shunting out means
in accordance with the rate of armature voltage
change. .

2. In a control system for an electric motor, a

resistor in the motor armature circuit and a

transformer having its primary winding con-
nected in said circuit across the armature and its
secondary winding connected therein across the
resistor whereby the current induced in said sec-
ondary winding by fAuctuations in the primary
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winding circuit modifies the normal effect of the
resistor in the armature circuit.

3. In & control system for an electric motor, a
resistor in the armature circuit, a transformer
having its primary and secondary windings con-
nected in said circuit, means for regulating the
fleld excitation of the motor, and means in se-
ries with sald secondary winding adapted to
control the operation of the regulating means in
accordance with variations in the voltage in-
duced {n the secondary winding.

4. In a control system for an electric motor, a
resistor in the motor fleld circuit, means for In-
termittently shunting out said resistor, and
means for controlling said shunting out means in
accordance with the rate of armature voltage
change comprising a transformer having its pri-
mary winding connected across the motor arma-
ture and its secondary winding connected ACross
another portion of the armature circuit, and a
solenoid in series with sald secondary winding
adapted to modify the operation of the shunting
out means in accordance with the voltage in-
duced In the secondary winding.

5. Electric motor fleld excitation regulating
means comprising an oscillatory arm, means in
the motor fleld circuit for oscillating the arm
comprising a solenoid and make-and-break con-
tacts in circuit therewith operated by said arm,
vielding means tending to move the arm in one
direction, a regulating solenoid operative to ex-
ert on the arm In opposition to the yielding
means a force proportional to the voltage sup-
plied to the regulating solenoid, and a transform-
er having its secondary winding in serles with
said solenoid and its primary winding connected
in the motor armature circuit. ‘

6. In a control system for an electric motor,
& transformer having its primary winding con-
nected in the motor armature circuit and its sec-
ondary winding connected in 'another portion
thereof operative to modify the armature volt-

. &ge In accordance with voltage induced in sald

-
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secondary winding by changes in the voltage

2 in the primary winding.

7. In a control system for an electric motor,
& resistor in the motor armature circuit and a
transformer having its primary winding en-
ergized from said circuit and its secondary wind-
ing connected in said circuit across the resistor
to thereby modify the voltage drop thereacross
In accordance with the induced secondary volt-
age of the transformer.

* 8. In & control system for a plurality of elec-

5 tric motors mechanically interconnected to drive
one from another and a current source inter-

connected with the respective motor armatures,
& resistor in each armature circuit, transformers
having their primary windings respectively con-
nected across the armatures of the motors and
their secondary windings respectively connected

- across sald resistors, and means comprising elec-
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trically actuated elements respectively in series
with sald secondary windings operative to regu-
late the fleld excitation of the respective motors
in accordance with changes in their respective
armature voltages.

9. In combination with a pair of electric mo-
tors and means for mechanically driving one mo-
tor from the other, a source of current for both
motors, control means for varying the field ex-
citation of the respective motors, and means re-
sponsive to changes in the armature voltage of
each motor for regulating sald control means

2,083,816

to thereby vary the torque of each motor in ac-
cordance with the motor speeds.

10. In combination with a pair of motors,
means for driving one from the other and means
for supplying armature and field currents thereto,
control means comprising means for modifying
the motor armature voltages, and means respon-
stve to changes in sald voltages for regulating the

‘control means.

11, In combination with an electric motor, &
source of current supply therefor and a regula-
tor operable to control the fleld excitation of the
motor, means for controlling the operation of
sald regulator comprising current responsive
means, and current inducing means intercon-
nected with said current responsive means and

sald current source whereby current is supplied

to sald current resporsive means in accordance
with ‘changes in the power input of sald curren’

" source to the motor,

12. In combination with a strip mill compria-
ing & pair of motors, sources -of current respec-
tively for their armatures and flelds, and a strip
connected with each motor and operative to
drive one motor from the other, strip tension
regulating means comprising means respectively
controlling the motor fleld circuits, and means
operable in accordance with changes in the volt-
age of the armature currents for regulating sald
controlling means. .

13. In a control system for a pair of electric
motors, a source of current interconnected with
the armatures of both motors and means in-
terconnecting the motors to drive one mechan-
ically while the other is being driven electrically,
a resistor interposed in the armature circuit of
each motor, and transformers having their pri-
mary windings respectively connected across the
motor armatures and their secondary windings
respectively connected across the resistors
whereby voltage induced in the secondary wind-
ing of the transformer having its primary wind-
ing connected across the armature of the elec-
trically driven motor in response to an increase
in the voltage in sald primary winding subtracts
from the voltage drop across the corresponding
resistor and during such {ncrease the voltage In-
duced in the secondary winding of the other
transformer adds to voltage drop across the other
resistor.

14. In a control system for a pair of electric
motors, a source of current interconnected with
the armatures of both motors and means inter-
connecting the motors to drive one mechanically
while the other is being driven electrically, a re-
sistor interposed in the armature circult of each
motor, and transformers having thefr primary
windings respectively connected across the motor
armatures and their secondary windings respec-
tively connected across the resistors whereby vol-
tage induced in the secondary winding of the
transformer having its primary winding con-
nected across the armature of the electrically
driven motor in response to a decrease in the
voltage of said primary winding adds to the vol-
tage drop across the corresponding resistor and
during such decrease the voltage induced in the

" secondary winding of the other transformer sub-

tracts from the voltage drop across the other
resistor, the resulting modifications of the voltage
drop across the resistors being thereby main-
tained at predetermined proportionate ratios to

the rate of change of the respective. armature

voltages. ‘

15. In a control system for an electric motor, & 78
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source of armature current therefor, a resistor in
the armature circuit, a transformer having its

- primary winding connected across the motor
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armature and its secondary winding connected
across the resistor whereby voltage induced in the
secondary winding in response to a change in the
primary winding voltage modifies the voltage drop
across the resistor in correspondence with the
nature of such change and in predetermined ratio
to the rate thereof.

16. In a control system for a pair of electric
motors, sources of armature and field currents
therefor, and means interconnecting the motors

“to drive one mechanically while the other is being

driven electrically, resistors respectively inter-
posed in the motor fleld circuits, alternating re-

lays respectively operative to intermittently short .

circuit the resistors, electrically actuated means
for controlling each relay to thereby regulate the
ratio between the time each resistor is short cir-
cuited and the time it is not short circuited by the
relay, and . transformers having their primary
windings respectively connected to the motor
armature circuits to derive energizing voltage

therefrom proportional to the armature voltage '

and their secondary windings interconnected
with said controlling means whereby the average
field excitation of the electrically driven motor is
modifled in inverse ratic to the rate of change
of the voltage in its armature circuit and the
average fleld excitation of the mechanically
driven motor is modifled in direct ratio with the
rate of change of the voltage in its armature
circuit.

17. In combination with a strip mill.comprising
a pair of motors, sources of current respectively
for their armatures and flelds, and a strip con-
nected with each motor and operative to drive
one motor from the other, control and regulating
means responsive to change in speed of the driv-

ing motor operative to effect corresponding
change of power input to and speed of the driven
motor.

" 18. In combination with a pair of mechanically
interconnected motors and a source of current
therefor, control and regulating means responsive
to changes in speed of one of the motors operative
to cause corresponding changes in the power in-
put to both motors.

19. In combination, a pair of mechanically in-
terconnected motors, means for supplying ener-
gizing current to the motor armatures and ex-
citing current to the motor fields, and control and
regilating means for said armature and field cur-
rents operative in response to any change of speed
in one motor to change the power input to the
other motor in predetermined ratio to the rate
of said speed change.

20. In combination, a motor, means for supply-
ing current thereto, an electrically operated regu-
lator for the motor fleld current,  and inductive
means supplied with energizing current from the
motor armature circuit supplying induced voltage
to the regulator whereby any change in the volt-
age applied to the motor armature will provide
induced voltage in the regulator to thereby corre-
spondingly change the power input to said motor.

21. Ina strip mill comprising a pair of reels,
a strip extending between the reels, and a motor
mechanically interconnected with each reel,
means for supplying current to the motors, and
control and regulating means for the motor cir-

cuits responsive to any change in the speed of one.

of the motors to change the speed of the other
motor in predetermined ratio to the change of

5.,
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speed of the first motor to thereby maintain a pre-

determined and definite strip tension.

GILBERT EDWARD ADAMS.
EDWARD CRUTCHFIELD MARSHALL.
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