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This invention relates to control systems, more
particularly to control systems for reversing roll-
ing mills, in the operation of which a close syn-

chronization between the delivery speed of the

material and the peripheral speed of the rolls of.
the run-out tables must be established, in order
to avold scratching of the material by sliding it
over the rolls. In view of the reduction in thick-
ness through rolling, the speed of the material
-entering the mill stand is lower than the speed
of the material leaving the mill stand and there-
fore the speeds of the run-out table motors on
. opposite sides of. the roll stand must be corre-
. spondingly different. Using individual run-out
table motors with Ward-Leonard drive, the
speeds of the motors are adjusted in accordance
with the mill motor speed by varying the voltage
of the Ward-Leonard generator by means of a
.tachometer generator, coupled to the mill mdtor.
_The foregoing conditions are fulfilled.by feeding
" the run-out table motors of the two tables on
opposite sides of the mill stand from one of two

Ward-Leonard - generators and by additionally

regulating the voltage of one of the two Ward-
Leonard generators by means of a rheostat ad-
justed-.according to the set roll opening (pass
reduction of the thickness of the material) in
such a way that the two run-out tables are oper-
ated with speed differing in accordance with the
pass redv .tion. (in thickness). i
. Furthermore, the ‘individual driving motors of
both run-out tables must adapt themselves to
the speed of the main rolling mill motor. In
this connection it must also be taken into account,
that the material runs through the mill stand in
several passes successively in opposite directions
and undergoes, according to the adjusted roll
opening, various reductions. In view of the lower
speed of the material entering the mill as con-
trasted with the speed of the material leaving
" the. mill, which difference results from the reduc-
tion in thickness of the material, the feeding rolls
.must run slower than the rolls of the run-out

" . table at the delivery side of the stand, in accord-

ance with each of the various reductions in the
thickness of the material.

In carrying the invention into effect in one
form thereof, means are provided for adjusting
the speeds of the run-out tables in accordance
with the speed of the mill rolls, and in varying
the relative speeds of the run-out tables in ac-
cordance with the amount of the reduction of the
thickness of the materia] that is to be effected.

For a better and more complete understanding
. of the invention, reference should now be had
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to the following speclﬁcation and to the accom- -
panying drawing, the single figure of which is
& simple, diagrammatic sketch of an embodiment
of the invention. -

Referring now to the drawing, the thlckness
reducing rolls {0 of the mill stand I are driven
by the rolling mill motor (2, which, by moving
the master switch i3 in one or the other direction
from its central or “off” position, can be started
in either direction of rotation and its speed ad-
justed as desired. Run-out tables 14 and 18
driven by individual table driving motors I4s
and {B8a are provided on each side of the mill
stand {1. - The run-out table motors (#s and §8a
are supplied separately from the adjustable
voltage generators 16 and 17 respectively, which

- are driven by any suitable driving means such
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as the constant speed three-phase motor 18.
For adapting the voltage of the adjustable volt-
age generators and thereby the speed of the run-
out table motors to the speed of the main mill
motor 12, the field windings (6. and (7. of the
two generators are supplied from a tachometer
generator (2. mechanically coupled to the main
mill motor 42. In order to compensate the volt-
age drop in the armature circuits of the run-out
table motors, the adjustable voltage generators
16 and (T are each: provided with second field

.windings 16y and .{Tv, respectively, which are

excited with constant voltage by a ‘special
exciter 19.

For adjusting the roll openlng on the miil
stand a roll screw-down mechanism 20.is pro-
vided, which is driven by the screw-down motor
20,, which can be started in the one or other
direction by means of the master control device .
21 and the contactors 22 and 23 controlled
thereby. Coupled with the screw-down motor 20s

- i1s an electrical motion fransmitting device 24
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which is electrically connected with electrical
motion receiving devices 25 and 26 for synchro-
nized operation, the coupling being made through.
a continuously variable speed transmission de-
vice 21, the ratio of which can be varied by
means of a nut 21a riding on the screw 28 which
is driven by the screw-down motor 28,, and the .
purpose of which will be explained in the follow-

‘ing. - The receivers 25 and 26 are intended for

operating the two rheostats 28 and 30 in circuits
of the fleld windings 16a and 1T of the adjust-
able voltage generators 16 and 17, respectively.

In order to explain the operation of the con-
trol, it is assumed that a rod of 100 mm. thick-
ness is first to be rolled down to a thickness of
50 mm. by passing from right to left and then by
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a second pass in the opposite rolling direction
from 50 mm. down to 25 mm. This requires,
therefore, that in each of the two passes a 50 per
cent thickness reduction is to be effected. Ac-
cordingly the run-out table 15 must run during
the first pass only half as fast as the run-out
table 14, while during the second pass the run-out
table 14 must run only half as fast as the run-
out table 8. Therefore the voltages of the ad-
justable generators {8 and {7 must be regulated
by adjusting the excitations of flelds. (6s and Ta
differently from each other. This is accom-
plished by correspondingly different effective set-
tings of the rheostats 29 and 30 in accordance
with the amount of operation of the screw-down,
i. e., the amount of reduction to be effected. This
adjustment of the rheostats 29 and 30 can, how-
ever, not be carried out simply according to a
linear function of the screw-down movement
because during the first pass a screw-down dis-
tance of 50 mm. corresponds to a 50 per cent
thickness reduction but during the second pass
a 50 per cent thickness reduction corresponds to
a screw-down distance of only 256 mm. For both
passes, however, an equally large adjustment of
the rheostats 29 and 30 must be made, because in
each case one run-out table must run only half
as fast as the other. In order now to obtain
this equally large adjustment of the rheostats
for the screw-down distances of different magni-
tudes, the variable transmission 27T is connected
between the screw-down motor 28. and the trans-
mitter 24. When moving the screw-down in the
closing direction, the ratio is changed by turn-

ing the screw 28 and thereby moving the nut .

271, riding on it to shift the belt 2T, on the cone
pulleys 21c and 214 in such a direction that with
the roll opening becoming smaller the trans-
mitter 24 is driven with increasingly higher speed.

Initially, the screw-down motor 20. of the mill
stand, whose rolls 10 may originally have an
opening of 100 mm,, is started in the downward
direction by the control switch 21 and the closing
of contactor 22, and this is done until the new
roll opening is adjusted to a distance of 50 mm.
At the same time the rotor of the transmitter 24
is rotated and the rotors of the receivers 25 and
28 are rotated corresponding amounts in a direc-
tion against the rotation of the rotating mag-
netic flelds of their stator windings, so that an
especially large synchronizing torque results.
The number of poles of the transmitter 24 is
preferably smaller than that of the receivers.
In accordance with the ratio of the number of

poles on the transmitter and receivers a corre- sa

sponding transmission for slower speed ‘and a
correspondingly larger adjustment torque on the
receivers is obtained. If, for example, the trans-
mitter 24 has two poles and the receivers have
eight poles, the rotors of the receivers rotate
through a quadrant only, while the rotor of the
transmitter rotates through a complete revolu-
tion.

By changing the position of the movable con-
tacts 29, and 38. of the rheostats 29 and 30
from the illustrated original positions, a part
of the resistance of the rheostats is connected
into the fleld circuits 164 and 171. and thereby a
weakening of the fleld of both Ward-Leonard
generators is prepared. }

By moving the master switch 13 to the left
the main mill motor 12 is started. for rolling in
the direction from right to left. The tachometer
generator 12, will now excite the field windings
18. and 11a of the two adjustable voltage gener-
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ators 16 and 1T in accordance with the speed of
the mil; mofor as adjusted by the master switch
13, and the run-out table motors assume a speed
corresponding to the mill motor speed and to
the additional regulation resulting from the
adjustments of the rheostats 29 and 30. The
rectifiers 31 and 32 connected in paraliel to the
resistances of. the rheostats 29 and 30 respec-
tively, which pass current in only one direction,
permit the adjustment of only one of the two
rheostats to be effective, i. e., the adjustment of
rheostat 30. If it is assumed that by moving the
master switch 13 to the left and that for the
corresponding rotations of the mill motor 12 and’
the tachometer generator 12s the polarity plus
is established on the left armature terminal of
the tachometer generator and the polarity minus
on the right armature terminal, the rectifier 32
blocks the current in this direction and the re-
sistance of rheostat 30 which is connected into
the circuit of field winding I7a becomes effective,
At the same time the resistance of the rheostat
29 is short circuited by the rectifler 31, passing
current in this direction, and therefore the rheo-
stat adjustment is made ineffective. In this way,
therefore, a weakening of the fleld of the adjust-
able voltage generator {1 is effected, which cor-
responds to the percentage thickness reduction
of the material being rolled, and thereby a cor-
respondingly lower speed of the run-out table
motors 15s with respect to the speed of the run-
out table motors f4a is obtained.

When the master switch 13 was moved to
the left the contactor 33 was closed simultane-
ously with the starting of the mill motor, and
this contactor in closing connected the auxiliary
field windings 16b and {T» of the two adjustable
voltage generators 29 and 30 to the special ex-
citer 19 for the purpose of compensating for the
armature voltage drops of the run-out table mo-
tors. The polarity of field of these auxiliary
windings corresponds to the direction of the mill
motor rotation. Furthermore, by moving the
master switch to the left, the contactor 34 is
energized through the bridge contact 29, and
contact bars 29, of the rheostat 29. This con-
tactor in picking up opens its upper three con-
tacts to interrupt the rotor circuit between the
transmitter 24 and the receiver 25 and at the
same time its lower three contacts close to short
circuit the rotor circuit of the receiver 25. Since
the rotors of the receivers were rotated in a di-
rection opposite to that of their stator rotating
magnetic fields, when the movable contacts 28s
and 30. of the rheostats were moved.from their
original position, the receiver 25, operating as
an induction motor, will now rotate its rotor
in the same direction as jthat of its stator ro-
tating magnetic field, so that the rheostat arm
is returned to its original position. In this posi-
tion the energizing circuit of the contactor 34
is interrupted, because the bridge contacts 28.
run off the contact bars 2% and the receiver
25 is stopped again and connected with the
transmitter 24. Since the rheostat 29 is made
ineffective because of the short circuiting of its
resistance by the rectifier 31, the return of the
rheostat arm 29. to its original position has
no effect on the existing operating conditions.

After the first pass is finished the master
switch 13 is returned to central or off position
and the screw-down motor 20. is operated by
the master device 2f for the second pass. For
this purpose the rheostats 29 and 30 are again
adjusted by means of the transmitter and the



receivers an amount corresponding to the per-
centage thickness reduction to be effected. That
is, the rheostat 29 is moved from the original
position by the same-amount as for the first pass,
while the rheostat ‘30 receives an additional ad-
justment. If now the master switch 13 is moved
to the right, the main mill motor 12 is started in
the opposite direction of rotation from that of
the first pass. Thereby also the direction of
rotation of the tachometer generator 12, and of
- the. run-out table motors is reversed. Further-
more the contactor 35 is energized through the
master switch (3. In response to energization
it picks up and closes its contacts thereby to
reverse the field polarity of the auxiliary fleld
- windings 16r and ITv. Since the direction of
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the current in the fleld windings (6. and 17"

of the adjustable voltage generators has been
changed, the rectifier 82 passes current and
the rheostat 30 is thereby made ineffective, while
the rectifier 31 blocks the current and the ad-
justment of the rheostat 29 is effective. There-
-fore the fleld 16. of generator 16 is weakened
and the run-out table motors (4. are caused

to operate at a lower speed than that of the .

table motors 15s, the difference in.speed cor-
responding to the percentage thickness reduc-
tion. When the master switch 13 was moved
to the right the contactor 36 was closed and
thereby -the movable contact arm of the inef-
fective rheostat 30 is now returned to its orig-
inal position in the manner described in the
foregoing with respect to rheostat 29.

When opening the rolls 10 of the mill stand
il by switching the master control switch 21
to the “raise” position, the normasally closed
energizing circuit of a contactor 37 is interrupt-
ed by an auxiliary contact on the contactor 23.
The contactor 37 opens its contacts to interrupt
the rotor connections between the transmitter
24 and the receivers 25 and 26, so that no move-
ment of the contact arms 29, and 30. of the
rheostats beyond their original position occurs.

The connection can also be made so as to
cause, instead of the described field weakening
of the adjustable voltage generator that supplies
the feeding run-out table motors, a fleld
strengthening of the adjustable voltage gen-
erator that supplies the delivery run-out table
motors in order to give to this run-out table a
higher speed than that of the other run-out table
corresponding to the percentage thickness re-
duction. .

Although in accordance with the provisions of
the patent statutes this invention is described
as embodied in concrete form and the princinle
thereof has been described together with the
best mode in which it is now contemplated ap-
plying that principle, it will be understood that
the elements and connections shown are merely
illustrative and that the invention is not limited
thereto, since alterations and modifications will
readily suggest themselves to persons skilled in
the art without departing from the true spirit
of this invention or from the scope of the an-
nexed claims.

What we claim as new and desire to secure by
Letters Patent of the United States is:

1. A control system for a rolling mill having
run-out tables on each side of the rolls and a
screw-down mechanism for varying the opening
between the rolls, individual driving means for
each of said run-out tables, means for actuating

said screw-down mechanism to effect a predeter-

mined reduction in the thickness of the material
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being rolled, and means responsive to the actua-

tion of said screw-down mechanism for con-’

trolling the relative speeds of said driving means
so that the speeds of operation of said run-out
tables differ from each other in accordance with
the pass reduction being effected by said rolls.

2. A control system for a rolling mill having a
pair of thickness reducing rolls, screw-down
mechanism for varying the opening between said
rolls and run-out tables on both sides of said
rolls comprising in combination individual driv-
ing means for each of said tables, means for
varying the speeds of said driving means with
variations in the speed of said mill rolls, means
for actuating said screw-down mechanism to ef-
fect a predetermined reduction in the thickness of
the material being rolled, and means responsive
to the actuation of said screw-down mechanism
for controlling the relative speeds of said driving
means so that the speeds of operation of said
run-out tables differ from each other in ac-
cordance with the amount of the reduction being
effected by said rolls, h

3. A control system for a rolling mill having a
pair of thickness reducing rolls, a run-out table
on each side of said rolls and screw-down mecha-
nism for varying the opening between the rolls,
comprising in combination, separate electric mo-
tors for driving said run-out tables, means for
actuating said screw-down mechanism to effect a
predetermined reduction in the thickness of the
material being rolled and means responsive to the
actuation of said screw-down mechanism for
controlling the speed of one of said motors there-
by to vary the relative speeds of said run-out
table mcchanism in accordance with the amount
of the reduction being effected by said rolls.

4. A control system for a rolling mill having a
pair of thickness reducing rolls, a screw-down
mechanism for varying the opening between said
rolls and a run-out table on each side of said
rolls comprising in combination individual elec-
tric motors for driving each of said run-out
tables, an electric motor for driving said screw-
down mechanism to effect a predetermined re-
duction in the material to be rolled, means re-
sponsive to the speed of said rolls for varying the
speed of said table driving motors and means

_responsive to the operation of said screw-down

mechanism for varying the relative speeds of said
table driving motors in accordance with the
amount of the reduction being effected.

5. A control system for a rolling mill having a
pair of thickness reducing rolls, a screw-down
mechanism for varying the opening between said
rolls and a run-out table on each side of said
rolls comprising in combination, individual mo-
tors for driving said run-out tables, an adjustable
voltage generator for supplying the drive motors
of one of said run-out tables, a second adjustable
voltage generator for supplying the drive motors
of the other of said run-out tables, means for
operating said screw-down mechanism to effect a
predetermined reduction in the thickness of the
Inaterial being rolled, and means responsive to -
operation of said screw-down mechanism for con-
trolling the relative excitations of said generators
to vary the relative speeds of said run-out tables
in accordance with the amount of the reduction
being effected by said rolls.

6. A control system for rolling mills and the
like having a pair of thickness reducing rolls, a
run-out table on each side of said rolls and screw-
down mechanism for varying the opening be-
tween said rolls comprising in combination, a plu-
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rality of electric motors for driving the rolls of
one of said tables, a plurality of electric motors
for driving the rolls of the other of said tables,
driving means for operating sald screw-down
mechanism to effect a predetermined reduction
in the thickness of the material being rolled, an
adjustable voltage generator for supplying the
drive motors of one of said tables, a second ad-
Justable voltage generator for supplying the drive
motors of the other of sald tables, a rheostat in
the fleld circuit of each of said generators, and
means responsive to the operation of said screw-
down mechanism for operating said rheostats to
vary the relative excitations of sald generators to
vary the relative speeds of said run-out tables in
accordance with the amount of the reduction to
be effected by said rolls. ‘

7. A control system for rolling mills and the
like having a pair of thickness reducing rolls, a
run-out table on each side of said rolls and screw-
down mechanism for varying the opening be-
tween said rolls comprising in combination, a
plurality of electric motors for driving the rolls
of one of said tables, a plurality of electric motors
for driving the rolls of the other of said tables,
driving means for operating said screw-down
mechanism to effect a predetermined reduction
in the thickness of the material being rolled, an
adjustable voltage generator for supplying the
drive motors of one of said tables, a second ad-
justable voltage generator for supplying the drive
motors of the other of said tables, a rheostat in
the field circuit of each of said generators, means
responsive to the operation of said screw-down
mechanism for adjusting both said rheostats for
the same change in the excitation of said gener-
ators, and means for rendering one of said rheo-
stats ineffective thereby to vary the relative ex-
citations of said generators to vary the speeds of
said run-out tables in accordance with the
amount of the reduction being effected by said
rolls.

8. A control system for rolling mills having a
pair of thickness reducing rolls, a screw-down
mechanism for varying the opening between the
rolls and a run-out table on each side of said rolls
comprising in combination, driving means for
said rolls, individual motors for driving said run-
out tables, a pair of adjustable voltage generators
for supplying said motors, a tachometer gener-
ator driven from said roll driving means for sup-
plying the fleld windings of said generators to
vary the speeds of said run-out tables in accord-
ance with the speed of said rolls, a rheostat in
the field circuit of each of said generators, means
for operating said screw-down mechanism to ef-
fect a predetermined reduction in the thickness
of the material being rolled, means responsive to
operation of said screw-down mechanism for
making substantially the same adjustment in
each of said rheostats, and a rectifier operatively
associated with the field circuit of each of said
generators, said rectifiers being reversely con-
nected with respect to said tachometer generator
so that one or the other of said rheostats is ren-
dered ineffective in accordance with the direction
of rotation of said roll driving means thereby to
vary the relative excitations of said generators
and the relative speeds of said tables in accord-
ance with the amount of the reduction to be
effected by said rolls.

9. A control system for rolling mills having a
pair of thickness reducing rolls, screw-down
mechanism for varying the opening between said
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rolls and a run-out table on each side of said
rolls comprising in combination electric motor
driving means for one of said tables, a second
electric motor driving means for the other of said
tables, an electric motor for operating said screw-
down mechanism to effect a predetermined re-
duction in the thickness of the material being
rolled, means driven by said screw-down motor
and means controlled by said driven means for
varying the relative speeds of saild table driving
means in accordance with the amount of the
reduction to be effected by said rolls, and means
responsive to said operation of said screw-down
motor for varying the ratlo of the driving con-
nections between said screw-down motor and the
means driven by said motor so that the changes
in speed of sald table motors have a non-linear
relation to the amount of the reduction in the
thickness of the material being rolled.

10. A control system for a rolling mill having
a pair of thickness reducing rolls, a screw-down
mechanism for varying the opening between said
rolls and a run-out table on each side of sald
rolls comprising in‘ combination electric motor
means for driving one of said run-out tables, a
second electric motor means for driving the other
of said run-out tables, separate rheostats for con-
trolling the relative speeds of said table motors,
an electric motor for operating said screw-down
mechanism for varying the opening between said
rolls, means driven by said screw-down motor for
operating said rheostats, a variable speed trans-
mission included in the driving connections be-
tween said screw-down motor and said driven
means, and means responsive to operation of said
screw-down motor for varying the ratio of said
transmission so that the changes in speed of said
table motors have a non-linear relation to the
amount of the reduction of the material to be
rolled.

11. A control system for a rolling mill having
a pair of thickness reducing rolls, a screw-down
mechanism for varying the opening between said
rolls and a run-out table on each side of said
rolls comprising in combination electric motor
means for driving one of said run-out tables, a
second electric motor means for driving the other
of said run-out tables, separate rheostats for
controlling the relative speeds of said motors, an
electric motor for operating said screw-down
mechanism to effect a desired reduction in the
thickness of the material to be rolled, an elec-
trical motion transmitting device driven by said
screw-down motor and individual electrical mo-
tion receiving device mechanically connected to
each of said rheostats and electrically connected
to said transmitting device so that said rheostats
are operated in response to operation of said
screw-down motor, one of the windings of each
of said receiving devices being connected to a
source so that the rotating fields of the stator
windings rotate in a direction opposite to the
direction of rotation of the rotor members during
a roll closing operation of said screw-down motor,
and means responsive to the starting of said
thickness reducing rolls for disconnecting one of
the windings of one of said receiving devices from
sald transmitting device and for shortcircuiting
said disconnected winding thereby to provide for
return of the rheostat operated by said last men-
tioned receiving device to its original position.
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