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My invention relates, generally, to control sys-
tems and, more particularly, to control systems
for single stand or tandem mills for rolling
metallic strip. .

In the operation of tandem mills for rolling
strip material, devices have been provided for
tensioning the strip material as it passes through
the rolls. This tensioning of the material results
ina greater reduction of the strip per roll stand
so that fewer roll stands are necessary for a
given amount of reduction in strip thickness than
would be necessary if such tension were not pro-
vided. A further advantage of tensioning the
material between the rolls is that the material is
held firmly in position during the rolling process.
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Higher rolling speeds are sometimes also possible -

when this tensioning is used and the physical
properties of the steel so produced may be im-
proved.

The patent to W. G. Cook, No. 1,982,338, dated
November 27, 1934, discloses a system for main-

taining a predetermined tension on strip mate--

rial between a reel from which the material is
being unwound and the reducing roll which is
operating on the material. 'The application of
G. P. Lessmann, Serial No. 133,419, filed March
27, 1937, now Patent No. 2,189,609, issued Feb-
ruary 6, 1940, discloses a system for maintaining
a predetermined tension on a strip of material as
it passes between two adjacent roll stands of a
tandem mill. This provides front tension on the
strip leaving the preceding roll stand and back
tension on the strip entering the succeeding roll
stand.

It will be seen that where tension on the strip
material is provided by a device that bears on

the strip as it passes between adjacent roll stands, -

& length of the leading end of the strip will be
rolled without front tension as it is being
threaded through the mill since such tensioning
devices cannot operate to tension the strip until
the strip is engaged by the rolls preceding and
succeeding the tensioning device. In a like man-
ner-the winding reel cannot provide forward ten-
sion on the strip until the strip has passed from
the last roll stand to the winding reel.

The same situation exists when the following
end of the strip is passed between the unwind-
ing reel and the first roll stand as back tension
cannot be applied to the strip by the unwinding
reel after it has left the unwinding.reel. Like-
wise, back tension cannot be applied to the strip
between adjacent roll stands while the follow-
ing end is passing between the roll stands.

As g result of the failure to provide both front
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and back tensions on the ends of the strip, the
ends are thicker than the rest of the strip since
they are not reduced as much as that part of
the strip which has received the proper front and

back tensions while passing through the rolls.

It has been found in the operation of hot strip
rolling mills that there is such a temperature
gradient along the strip as it passes through the
mill as to so affect the resistance-to-reduction of
the strip as to result in increased thickness of
rolled strip toward the following end of the strip.

These variations in thickness of the rolled ma-
terial due both to lack of proper tensioning of the
strip and to cooling of the strip make it neces-
sary to sort the sheets cut from the finished strip,
so that the gauge of the material may be kept
within the tolerances permitted by the customer’s
specifications. If these variations are too great,
it is necessary to scrap some of the material.
Both scrapping of material and the process of
sorting the finished material add conmderably
to the cost of production.

An object of this invention is to provide a con-
trol system for a single stand or a tandem mill
for rolling strip or other rolled products such as
rod wire or any sectional material where tension
is applied to the material as it is being rolled,
which shall function to produce a' product of
more uniform thickness and of predetermined
physical characteristics.

A further object of the invention is to provide
a control system for a tandem mill for rolling
strip material which shall function to so adjust
the tension on the strip of material between the
roll stands and the winding and unwinding reels
and between adjacent roll stands as to produce
predetermined reducing forces upon the strip of
material throughout the entire length of the strip
as it passes through the mill.

A further object of my invention is to prov1de
a control system for a single stand or tandem mill
for rolling strip material which shall function to
vary the roll spacing by screw down control in
response to variations in temperature and/or
thickness of the strip.

Another object of the invention is to provide -
a control system for a single stand or tandem
mill for-rolling strip material which shall func-
tion to vary the tension on the strip of material
as- it passes through the mill in response to vari- .
ations of the temperature and thickness of the
strip.

These and other objects and advantages of the
invention will be apparent from the following
detailed description taken in connection with the
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accompanying drawings comprising Figs. 1, 2
and 3 on three separate sheets which, when
placed in end to end relation constitute a dia-
grammatic view of a four stand rolling mill with
-one embodiment of my invention applied there-
to showing the cooperative relationships of the
invention with the rolling mill and, )

Fig. 4 which is a diagrammatic view of ‘a modi-
flcation of the thickness and temperature re-
sponsive means for controlling the reducing
forces on the strip. Fig. 4 includes most of the
structure shown in Fig. 3 and is so drawn as to
permit it to be substituted for Fig. 3 in the group
of figures consisting of Figs. 1, 2 and 3, the sys-
lem being complete and operative with the ap-
paratus of either Fig. 3 or Fig. 4 used in connec-
tion with the apparatus of Figs. 1 and 2.

In carrying out my invention I provide means
for causing the unwinding reel motor of a strip
rolling mill to act as a braking generator to pro-
vide an abnormal back tension on a strip as the
end of the strip passes between the first two roll
stands. When the end of the strip is engaged
by the rolls of the second roll stand a correc-
tive abnormal tension is applied to the strip be-
tween the first and second roll stands and the
back tension applied by the unwinding reel mo-
tor is reduced to a value below normal.

As the end of the strip progresses through the

mill the tensions on the material are so adjusted :

by varying -the tensions between adjacent roll
stands and between the end roll stands and the
reels as to provide an abnormal tension on the
material at each roll stand as the leading end is
threaded through the mill.

After the leading end is started on the winding

reel the tensions between each pair of adjacent
roll stands and between the end roll stands and
the reels is automatically adjusted to a prede-
termined manually adjustable normal amount
for each position. When the following end of
the strip leaves the unwinding reel the tensions
between the roll stands and between the winding
reel and the last roll stand are varied to produce
predetermined abnormal tensions on the mate-
rial at each roll stand until the end leaves the
last roll stand. o o
Temperature responsive means and thickness
responsive means are provided for varying the

strip tension in accordance with variations of .

strip temperature and gauge to compensate for
the cooling of the strip when the system is used
to control a hot strip mill and to compensate for
varying physical characteristics of the strip ma-
terial. Thickness responsive means are provid-
ed to correct varying thickness in metal coming
‘to the mill as it is rolled. )

Referring now to the drawings:

I have shown a four-stand strip rolling mill
having roll stands L, M,.N and O with the strip
of material 10 being unwound from the unwind-
ing reel R passing through the rolls of the four-
roll stands and being wound on the winding reel
- 8. The rolls of roll stands L, M, N and O are
driven by motors 12, 14, 18 and 18, respectively,
and the winding and unwinding reels are driven
by motors 20 and 22, respectively. A vibrating
regulator G is connected in the field circuit of
the reel motor 22 and is controlled by the arma-
ture current of the motor 22 to regulate the back
tension applied to the strip 10.

Tension is applied to the strip 10 as it passes
- between adjacent roll stands by tensioning de-
vices H, I and J which bear upon the strip be-
tween the stands L .and M, M and N, and N and

<
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O, respectively.” A vibrating regulator K is pro-
vided. for so controlling the field current of the
winding reel motor 20 as to maintain a constant
adjustable tension on the strip as it is wound
upon the reel S.

The vibrating regulator G comprises a vibrat-
ing arm 26 upon which are mounted contact
elements 28 and 30 which are insulated from the
arm. The arm 26 is pivoted at 32 and is con-
nected to be actuated by the relay 34. The coil
of relay 34 is connected in series circuit relation
with a resistance element 36 which has such a
resistance value as to prevent sufficient current
flow through relay 34 to cause it to actuate its
armature. The contact element 38 of relay 34
is connected in’ series circuit relation with the
coil of the relay §0. Contact element 42 of relay

. 48 is connected in shunt relation with resistance

)

40

V9

element 35. An arm 44 is pivoted at 48 and is
connected to be actuated by the armature of
solenoid 59. Contact element 52 is mounted
upon arm 44 and electrically connected there-
with and is disposed. between contact elements
28 and 30. 'The coil of solenoid 59 is connected
in parallel circuit relation with the series field
winding 54 of the reel motor 22 in series circuit
relation with the resistance elements G3 and G4.

The movable contact elements 28 and 30 of
the regulator are connected in circuit with the
coils of relays 56 and 58, respectively. The re-
sistance elements 60 and 62 are connected in
scries circuit relation with the shunt field wind-
ing 64 of reel motor 22 and with resistance ele-
ments G{ and G2. 'The contact element §6 of
relay 56 is connected in shunt relation with re-
sistance element 60 and the contact element 68
of relay 58 is connected in shunt relation with
the resistance element 62 when relay 58 is en-
ergized.

It will be seen that the arm 26 will be caused
to vibrate continuously because of the inter-
mittent energization of the coil of solenoid 34.
When the coil of solenoid 34 is energized, contact
element 38 will be closed to energize the coil of
relay 40 which in turn moves its contact ele-
ment 42 to the open circuit position to connect
the resistance element 36 in series cireuit rela-
tion with solenoid 34 to thus cause it to drop its
armature. The dropping of the armature of
solenoid 34 will cause -contact element 38 to
move o the open circuit position, thus deener-
gizing the coil of relay 40 and allowing the con-
tact element 42 to drop to close circuit position,
which, in turn, will cause an increase in current
flow through the ccil of solenoid 34 to again
cause upward movement of the armature of sole-
noid 34. 'The armature of solenoid 50 will oceupy -
a position depending upon the current flow in its
actuating coil which, in turn, will depend upon
the current flow in the armature of the motor 22.
As the arm 26 vibrates contact elements 28 and 30
will intermittently engage contact element 52
and will remain in engagement with contact ele-
ment 52, and cause energization of the coils of
relays 56 and 58 for periods of time during each
vibrating movement of the arm 26 depending
upon the position in which the contact element
52 is held by arm 44, _

It will be seen that if the current in the arma-
ture of machine 22 falls below that which is
necessary to supply the required torque for the
desired back tensioning of the strip. 10 as it is
being unwound from reel R, solenoid 50 will allow
arm 44 to move downward, and this will permit
contact element 52 to remain in contact with con-
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tact element 30 for a longer period of time during
each vibrating movement of arm 28 than with
contact element 28. Thus, for each vibrating
movement of arm 26 relay 88 will be energized
longer than relay §6, and there will be an increase
in the current in the shunt fleld ¢4 of machine

22 because of the decrease in the resistance in '

the field circuit. This increase in fleld current
will increase the torgque of motor 22 to increase
the back tension on the strip (0.

The automatic tensioning devices H, I and.J
are similar and comprise a lever arm 70 on one
end of which there is mounted a roller 12 which
" bears against the strip 10. A fluid pressure piston
14 operating in cylinder 16 is connected to actu-
ate the lever T80 to move the roller 12 into a ten-
sioning position with respect to the strip 10, the
displacement of roller 12 being governed by the
fluid pressure in the cylinder 16. The piston 14
and cylinder 16 are so dimensioned as to permit
a leakage from the cylinder chamber to provide
a continuous flow of fluid through the system.
This leakage permits escape of pressure fluid,
such as air, from the cylinder when it is desired
to decrease the pressure in the cylinder, and pre-
vents changes in tension by contraction or ex-
pansion of the air in the cylinder, thus providing
a constant tension on the strip regardless of
the movement of the tensioning roller and the
piston. A fluid pressure reservoir shown is con-
nected through a pressure regulating valve 78
and conduit 80 to the cylinder 76. The pres-
sure regulating valve 18 comprises a valve mem-
ber 82 and a valve seat 84 cooperating therewith,
the valve member 82 being operated by stem 86
which is connected to diaphragm 88 and the core
of solenoid 980. Spring members 92 and 94 bear
against the diaphragm 88, the spring. member 94
being of such dimensions as to tend to open the
valve and to thus increase the pressure in the
cylinder 16. The tension of spring 94 is opposed
by the pull of the armature of solenoid 90 which
pull varies with the current flowing through the
coil of solenoid 90, so that the pressure in cyl-
inder 16 and hence the tension applied to strip
18 by roller 12 will vary inversely with; the
current flowing in the coil of solenoid 90 and the
regulator will tend to apply a constant tension-
ing force to the strip 10 so long as the constant
current flows in the solenoid 80. It is to be under-
stood that any suitable pressure regulating valve
may be substituted for the valve 718. It is also
to be understood that the pressure provided by
spring 94 of valve 18 may be provided by an

- equivalent means such as a weight or a fluid .

pressure operated piston.

In order to prevent too great a displacement
of the roller 12 as it bears against the strip, the
regulator H includées a control means for the
motor 14 which drives the rolls of roll stand M.
This controller comprises contact elements 96
and 98 which are carried by and moved with the
arm 10 and therefore change their positions with
variations in the position in the arm 70. Con-
tact element 96 is connected in series circuit re-
lation with the coil of relay {00 and contact
element 98 is connected in series circuit relation

with coil of relay {02." The resistance elements.

f04 and 106 are connected in series circuit rela-
tion with the shunt field winding 108 of the
motor {4 and in the energized position of relay
100 the contact element 110 thereof is connected
-in shunt relation with the resistance element 104.
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112 1s connected in shunt relation with the re-
sistance element (06.

A contact element 14 is carrled by, and elec-
trically connected to an arm 118 which is pivoted
at 118, and the arm 118 is caused to vibrate by
the solenoid {34 under control of relay 148 and
resistance element (37 in the manner described
in the discussion of the vibration of the arm 26
by the solenoid 34 and the control of relay 48 in
connection with the regulator G.-

Thus it will be seen that in the event that the
arm 70 tends to be displaced too much to main-
tain a preferred predetermined position, the con-
tact elements 96 and 98 will move to such a posi-
tion as to cause a longer period of engagement
of contact element {4 with one or the other of
contacts 96 and 98 on each vibrating movement
of the arm {18. This will cause longer energiza-
tion of one or the other of relays 100 and 102
and will effect a change in the current flow in
the fleld winding 108 of motor 14 which will tend
to decrease or increase the speed of the motor.

" In this manner the tension roller 12 will be re-

25
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When relay 02 is deenergized its contact element 75

- ciated motors.

turned and maintained at a substantially fixed
position. _ .
When it is desired to increase the tension on
the strip 10, the current flowing in the coil of .
solenoid 90 may be decreased by connecting the
desired number of resistance elements HI, H2
and H3 in series circuit relation with this coil.
The tensioning reel motor 20 is controlled by
regulator K to maintain an adjustable constant
tension on the strip 10 as it is delivered from
the last roll stand O. The regulator K comprises
substantially. the same elements as described
hereinbefore in the discussion of the regulator
G for the unwinding reel motor 22, except that
in this instance the regulator K is connected to
cause a decrease in the energization of the shunt
field winding 120 of winding reel motor 20 in
response to a decrease in the armature current of
motor 20 to thus cause the motor 20 to tend to
increase its speed and to thus increase the ten-
sion on the strip {0. ‘The motor 28 is controlled

- to maintain the desired tensions on the strip 10

by connecting the desired number of resistances
K1, K2 in series circuit relation with the field
winding 120 of the motor 20 to control its shunt
field current. The regulator K may be adjusted
to maintain the selected tensions on the strip 10
by connecting the desired number of resistance
elements K3, K4 in series circuit relation with
the coil of its operating solenoid 122.

Relays A, B, C, D, E and F are connected in
parallel circuit arrangement with the series field
windings of motors 22, 12, 14, 16, 18 and 20, re-
spectively, and are so designed as to be actuated
when a load is carried by their respective asso-
The relays A, B, C, D, E and F
have the series of contacts shown which are con-
nected in circuit to govern the tensions applied
by the tensioning devices H, I and J, the back
tension applied by the reel R and the front ten-
sion applied by the reel S. The detailed circuits

5 governed by these relay contact elements will be

described hereinafter.

The energization of motor 22 is controlled by
a circuit breaker 126 which, when energized, con- -
nects motor 22 to the source of direct current
power as shown. The operating coil of circuit
breaker 126 is connected in circuit through the
contact element of a manually operated push
button switch 128. A holding circuit is provided
for the operating coil of circuit breaker 126 com-
prising the contact element 130 of relay 132, the
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contact element 130 closing a circuit in parallel
circuit relation with the contact element of the
push button switch 128. The coil of relay 132 is
energized from the source of power for motor 22
and the contact element 130 is held in closed
circuit position while the motor 22 .is energized.

The motor 20 is connected to the source of
direct current power by circuit breaker 134 which
may be energized by the manually controlled
circuit breaker 136 and which may also be ener-
gized by the manually controlled circuit breaker
{38 through a circuit which includes the contact
element E§ of relay E. The contact element 1414
controls a holding circuit for the coil of .circuit
breaker 134, this holding circuit comprising a
circuit in parallel circuit relation with the manu-
ally controlled circuit breaker 138.

In the operation of the system, the leading end
of the strip 10 is unwound from the unwinding
reel R and fed toward the first roll stand L when

[+

10

the motor 22 is started by momentarily closing -

the manually controlled push button switch §28,
When motor 22 is energized to drive unwinding
reel R, relay A is energized and lifts its contact
elements Al, A2, A3, A4, A5, A6 and AT. When
the leading end of the strip enters the rolls of

the first roll stand L, & load is placed upon the

roll motor 12 and this causes relay B to be
actuated. o

Since there is no front tension on the strip 10,
as it is passed through the rolls of the first roll
stand L, it is necessary that the back tension be
higher than normal and of a predetermined
amount in order that all portions of the strip 18
may receive substantially the same amount of
reduction as it passes through the rolls of roll
stand L. This predetermined higher-than-nor-
mal back tension is placed on the strip 10 by in-
creasing the current flow in the shunt field wind-
ing 64 of motor 22, This increase in current in
the shunt fleld winding 64 of motor 22 is effected
by the movement of contact element B6 of relay
B to closed circuit position to close the circuit
which functions to short circuit the resistance
elements Gf and G2 and which comprises the
conductor #42 leading from one side of the re-
sistance element G through the contact element
C5, conductor 144, contact element B6 and con-
ductor 146 to one side of the resistance element
G2. At the same time, the regulator G is ad-
justed to maintain the higher-than-normal back
tension on strip 10 by increasing the resistance
in the coil of the operating solenoid 50 of regu-

lator G. This is accomplished by the movement

of the contact element BT of relay B to open
circuit position. It will be seen that the move-
ment of contact element BT to open circuit posi-
tion opens a circuit which has a shunt relation
with the resistance elements G3 and G4 and
which comprises one side of the resistance ele-
ment G3, conductor 148, contact element BT and
conductor 158 to one side of the resistance ele-
ment G4. The strip 10 thus has applied to it a
higher-than-normal back tension while it is pass-
ing through the rolls of roll stand L and until its
leading end enters the rolls of second roll
stand M. .

As the leading end of strip 10 enters and
-passes through the rolls of roll stand M, it will
be seen that the only tension that can be applied
to the strip 10 is back tension, and in order to
secure the proper reduction in all parts of the
strip 10, it is necessary that this back tension
be higher-than-normal. The required higher-
than-normal back tension is .applied to the strip
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10 by the tensioning device H by decreasing the
energization of the coil of solenoid 80 so as to in-
crease the pressure on the strip 10 by increasing
the pressure in the cylinder 16. This decrease in
the energization of the coil of solenoid 90 is ef-
fected by the operation of relay C which is actu-
ated when the increased load is .placed on the
roll motor I4 by the entry of the leading end
of the strip 10 between the rolls of the roll stand
It will be seen that when relay C ds not
actuated, a circuit which has a shunt relation
to the resistance elements Hi, H2 and H3 exists,
and comprises conductor 152 from one side of re-
sistance element H3, conductor 154, contact ele-
ment C& of relay C and conductor 156 to one
side of resistance element HI. 'This higher-than-
normal back tension will be maintained on the
strip 10 by the tensioning device H which will
automatically control the energization of the
shunt field winding 108 of motor (4 and thus so
regulate the torque of motor 14 as to maintain
the desired tension of the strip 10.

With the higher-than-normal back tension
maintained between the strip {0 and the rolls
of the second roll stand M, it follows that the
same higher-than-normal front tension will be
applied between the strip 10 and the rolls of the
first roll stand L, and in order to maintain the
uniform reduction of the strip {8 at the roll -
stand L, it is necessary that the back tension be-
tween the strip 10 and the rolls of roll stand L
as applied by the unwinding reel R be lower-
than-normal. This lower-than-normal back ten-
sion between the strip 0 and the rolls of roll
stand L is provided by decreasing the current
flow in the shunt field winding 68 of motor 22.
This decrease in the current flow in shunt field
winding 64 is effected by connecting the resist-
ance elements G{ and G2 in series circuit re-
lation with, the shunt fleld winding 64. The
resistance elements Gl and G2 are connected
in circuit with the shunt field winding 64 by
opening the previously described shunting cir-
cuit comprising conductor 142, contact element
C5, conductor {44, contact element B6§ and con-
ductor 148. It will be seen that this circuit is
opened by the operation of relay C to move ¢on-
tact element C5 to open circuit position when the
leading end of the strip enters the rolls of roll
stand M. At the same time contact element C§°
of relay 6 is moved to closed circuit position
to close a shunting circuit for resistance elements
G3 and G4 extending from one side of resistance
element G3, conductors 148 and {70, contact ele-
ment D8, conductor i72, contact element C6 and
conductors {74 and 150 to resistance element G3.
This shunting of resistance elements G3 and G4
decreases the resistance in the circuit of the coil
of control relay 50 of regulator-G to decrease
the back tension on the strip (0. Thus it will
be seen that a higher-than-normal tension is
maintained on the strip 10 between roll stands
L and M and a lower-than-normal back tension
is maintained at roll stand L while the leading
end of the strip 18 is passing from the roll stand

> M to the roll stand N.

As the leading end of the strip {0 enters and
passes through the rolls of the third roll stand
N and until it enters the rolls of the last roll stand
0, it'is necessary that a higher-than-normal back
tension be applied to the strip in order that a
uniform reduction in all parts of the. strip 10
may be secured as the strip passes through the
rolls of roll stand M.. This higher-than-nomal
back tension is applied to strip 10 by increasing
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the resistance in the circuit of the regulating
solenoid 90 of the tensioning device I to increase
the pressure applied to the strip by the tension-
ing device I. This increase in the resistance in
the circuit of the coil of regulating solenoid 99
is accomplished by opening a circuit which has a
shunt relation to the resistance elements Ii, 12
and I3 and which comprises conductor 158 from
one side of resistance element I3, conductor (60,
contact element D3 and conductor 162 to one side
of the resistance element Il. This circuit is
opened by the operation of relay D to move its
contact element D3 to open circuit position when
the leading end of the strip places a load upon
the motor 6 as it enters the rolls of roll stand M.
In order to prevent too great a reduction of the
strip 10 - in the rolls of roll stand M, it is neces-
-sary that the back tension between the strip 10
and the rolls of roll stand M be decreased to
lower-than-normal when the higher-than-nor-
mal front tension is established by the strip 10
and the rolls of roll stand M. This lower-than-
normal back tension on the strip 10 is provided
by connecting only resistance element H3 in cir-
cuit with the coil of the regulating solenoid 90
of the tensioning device H. It will be seen that
when relay D operated, a circuit having a shunt
relation with the resistance elements Hi and H2
was established comprising conductor {64, con-
tact element D4, conductor (66, contact element
E3, and conductor 156 to one side of the re-
sistance element H l., With this adjustment of the
energization of the coil of the regulating solenoid
90 of tensioning device H, a lower-than-normal
back tension will be maintained between the strip
10 and the rolls of roll stand M and a lower-than-
normal front tension will be maintained between
the strip 18 and the rolls of the roll stand 1.

In. order to maintain the proper amount of
tension on the strip 10 at the roll stand L, it is
necessary that the back tension between the strip
10 and the rolls of roli stand L be increased to
higher-than-normal at the time that the front
tension between the strip 10 and the rolls of roll
stand L is decreased to lower-than-normal. This
higher-than-normal back tension is produced by
increasing the current flow in shunt field winding
64 of motor 22 by applying a shunting circuit to
resistance elements G{ and G2. This shunting
circuit is completed by the movement of the con-
tact element D5 to the closed circuit position and
comprises conductor 142 from one side of the
resistance element G, contact element E4, con-
ductor {67, contact element DS, conductor (68,
conductor 144, contact element B8 and conductor
146 to one side of resistance element G2. At the
same time, the current in the coil of regulating
solenoid 50 is decreased to cause the motor 22 to
maintain the higher-than-normal back tension

“on the strip 10 by connecting resistance elements
G3 and G4 in series circuit relation with the coil
of solenoid 58. The resistance elements G3 and
G4 are connected in circuit with the coil of sole-
noid 50 by the movement of the contact element
D6 ta open circuit position to open a shunting
circuit for the resistance elements G3 and G4
which comprises one side of the resistance ele-
ment G3, conductor 148, conductor 170, contact
element D86, conductor 112, contact element C6,
conductor {14, and conductor 150 to one side
of -the resistance element Gé4.

Thus it will be seen that while the leading end
of the strip 10 passes from the roll stand N to
the roll stand O, a higher-than-normal back ten-
sion will be maintained between the strip 10 and
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the rolls of roll stand N; a higher-than-normal
front tension will be maintained between the
strip 10 and the rolls of roll stand M; a lower-
than-normal back tension will be maintained
between the strip 10 and the rolls of roll stand
M; a lower-than-normal front tension will be
maintained between the strip 10 and the rolls of
roll stand L, and a higher-than-normal back
tension will be maintained between the strip 10
and the rolls of roll stand L, thus ensuring the
proper reduction due to tensioning at each of
these roll stands.

Throughout this description, the terms lower-
than-normal and higher-than-normal are used

5 o designate tensions which when applied to the

strip on opposite sides of the roll stand will pro-
duce a degree of reduction due to tension sub-
stantially equal to the reduction due to tension
produced by normal tension on both sides of the
roll stand. The lower-than-normal tension will
be practically equal to no tension so far as its re-
ducing effect on the strip is concerned. Where
substantially constant total tensions are referred
to in the specification and the claims the ten-
sions which will produce constant reducing ef-
fects are meant. Constant total tensions at a
roll stand are the tensions which will produce
constant resulting reduction and may be either
normal tension on both sides of the roll stand,
higher-than-normal tension on one side of the
rcll stand with lower-than-normal tension on
the other side or higher-than-normal tension on
one side with no tension on the other side.

It is considered within the scope of this inven-
tion to provide fewer operations.for correcting
gauge than are described herein with each op-
eration performing a greater degree of correc-
tion. It might be desirable, for instance, to pro-
vide increased tension between only two pairs
of roll stands instead of between each pair of
stands as herein described.

When the leading end of strip 10 enters the
rolls of roll stand O and passes toward the reel
S, it is necessary that a higher-than-normal back
tension be applied between strip 10 and the rolls
of roll stand O, since it is not possible to apply
a front tension between the strip 10 and the rolls
of roll stand O. This higher-than-normal back
tension is applied and maintained by the ten-
sioning device J when the contact element Et is
moved to the open circuit position by the opera-
tion of the relay E when the leading end of strip
10 places a load upon the motor 18 upon entering
the rolls of roll stand O. The movement of con-
tact element Ef to open circuit position removes
a shunting circuit from the resistance. elements
J1, J2 and J3 which comprises one end of the re-
sistance elements J3, conductor 16, conductor
118, contact element El and conductor (80 to one
side of the resistance element Ji. The tension-
ing device J automatically maintains this high-
er-than-normal tension between the strip 10 and
the roll stands O and M while the leading end
of the strip is moving from the roll stand O to-
ward the winding reel S.

The application of higher-than-normal front
tension between the strip 10 and the roll stand
N makes it necessary that back tension between
the strip 10 and the roll M be decreased to lower-
than-normal, so that the reduction of all parts
of the strip 10 at roll stand N may be uniform.
The decrease in tension on the strip 10 by the
tensioning device I to lower-than-normal is
brought about by connecting only resistance ele-
ment 13 in circuit with the coil of the regulat-
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ing solenoid 90 of the tensioning device I. Re-
sistance element I3 only is connected in circuit
‘with the coil of solenoid 90 by applying & shunt-
ing circuit to the resistance elements If and 12
which comprises one side of resistance element
12, conductor 182, contact element E2 which was
moved to closed circuit position by the operation
of relay E when the leading end of the strip en-
tered the roll stand O, conductor 184, contact
element F2, conductor 186 and conductor 162 to
one side of the resistance element Ii.
lower than normal tension is applied. to the
strip 10 between roll stands N and M.

With lower-than-normal front tension be-
tween strip 10 and roll stand M, it is necessary
that the higher-than-normal back tension be
applied between the strip 10 and the roll stand
M. This higher-than-normal back tension is
applied to strip between the rolls and the roll
stands M and L by again connecting resistance
elements Hi, H2 and H3 in series circuit relation
with the coil of regulating solenoid 90 of the ten-
sion device H. This decreased deenergization of
the coil of solenoid 90 is effected by removing
the shunting circuit, hereinbefore described, for
resistance elements HI and H2 by the movement
of contact element E3 to open circuit position
upon the operation of relay E.

With the establishment of the higher-than-
‘normal front tension between the strip 10 and
the roll stand L, it is necessary that the back ten-
sion between the strip 10 and the roll stand L be
decreased to lower-than-normal. This is ac-
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complished by again connecting resistance ele- -

ments GI and G2 in series circuit relation with
shunt field winding 64 of motor 22 by removing
the hereinbefore described shunting circuit for
the resistance elements GI and G2 by the move-
ment of the contact element E4 to open circuit
position upon the operation of relay E. At the
same time, the regulator G is adjusted for the
lower-than-normal back tension by applying a
shunting circuit to the resistance elements G3
and GA4. This shunting circuit comprises con-
ductor 150 from one side of the resistance ele-
ment G4, conductor (74, contact element CB8,
conductor 172, conductor (88, contact element
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ES, conductor 190, contact element F6, conductor -

{10 and conductor {48 to one side of the resist-
ance element G3. Thus it will be seen that the
higher-than-normal tension will be maintained
between the strip 10 and each of the roll stands
as the leading end of the strip moves from the
roll stand O to the winding reel S.

After the leading end of the strip 10 has left
the roll stand O and is started on the reel S,
the load on the reel motor 20 will cause relay
P to operate and move contact element F$ to
the open circuit position to remove a shunting
circuit from the resistance elements Ki, K2,
which comprises one side of resistance element
K2, conductor 204, contact element F8 and con-
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ductor 206 to one side of the resistance element -

Ki. With relay A energized a shunting circuit
will be applied to the resistance element K2
which comprises one side of resistance element
K2, conductor 208, conductor 210, contact ele-
ment Af and conductor 2i2 to the other side of
resistance element K2. Thus resistance element
Kl will be connected in series circuit relation
with the fleld winding 120 of motor 20 to cause
the motor to apply a normal tension to the strip
I8 as it is wound on reel S. The operation of
relay F will move its contact element ¥8 to open
circuit position to remove a shunting circuit
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from the resistance elements K3 and K4 which
comprises conductor 192 from one side of the
resistance element K3, conductor 194, contact
element F8 and conductor (96 to one side of
the resistance element K4. It will be seen that
with relay A energized, the contact element A6
thereof will close a shunting circuit for resist-
ance element K4 which comprises one side of
resistance element K4, conductor 198, contact
element A6, conductor 200 and conductor 202
to the other side of the resistance element K4.
This will leave such a resistance in circuit with
the coil 122 of regulator K as to cause the regu-
lator to maintain a normal front tension be-
tween the strip 10 and the roll stand O.

With normal front tension applied between
strip 10 and roll stand O, it is necessary that
normal back tension be applied between strip 10
and roll stand O in order to maintain the proper
reduction due to tension at the roll stand O.
This is done by applying a shunting circuit to
resistance element Ji and leaving resistance ele-
ments J2 and J3 connected in series circuit rela-
tion with the coil of regulating solenoid 80 of
tension device J. The shunting circuit for re-
sistance J1 comprises conductor {80 extending
from one side of resistance JI, contact element
Fi which was moved to closed circuit position
when the leading end of the strip 10 started
winding on reel S, conductor 214, contact ele-~
ment A3 and conductor 216 to the other side
of resistance element JI. With this adjustment
of the circuit of the coil of the regulating solenoid
90, the tensioning device J will maintain a nor-
mal tension on the strip 10 between the roll
stands O and M. It will be seen that this estab-
lishment of normal tension between adjacent
roll stands and between the end roll stands and
the reels will be necessary to maintain the proper
tensions on the strip at each of the roll -stands.
The establishment of the normal tensiori~be-
tween roll stands N and M will be accomplished
by connecting resistance elements 12 and I3 in
series circuit relation with the coil of the regu-

lating solenoid 9@ of tensioning device I. This .

is accomplished by applying a shunting circuit
to the resistance element I{ under control of re-
lay F, the shunting circuit comprising one side
of resistance element Il, conductor 218, contact
element BS, conductor 220, contact element F3,
conductors 222, 186 and 162 to the other side of
the resistance element If.

The establishment of normal tension on the
strip 18 between the roll stands M and L is ef-
fected by applying a shunting circuit to the re-
sistance element H{ of the tensioning device H
to regulate the current flow in the coil of solenoid

80 for normal tension. This shunting ecircuit -

comprises conductor 224 extending from one side
of the resistance element HI, contact element
A5, conductor 226, contact element F4 and con-
ductor 156 to the other side of the resistance ele-
ment HI,

The establishment of normal back tension be-
tween strip 10 and roll stand L is accomplished
by connecting only resistance element G2 in cir-
cuit with the fleld winding 64 of motor 22 to
provide a normal back tension and connecting
only the resistance element G# in series circuit
relation with the coil of the regulator solenoid
56 to maintain the normal back tension on the
strip (8. Resistance element G2 only is con-
nected in series circuit relation with the field
winding 64 for establishing a shunting circuit
for resistance Gt which comprises one side of
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the resistance element Gl, conductor 142, con-
tact element F5 and conductor 228 to the other
side of resistance element Gi. Resistance ele-
ment G4 only is connected in series circuit rela-
tion: with the coil of solenoid §0 for establishing
a ‘shunting circuit for resistance element G3
which comprises one side of resistance element
G3, conductor 148, conductor 170, contact ele-
ment FT and conductor 230 to the other side of
resistance element G3. Thus during the normal
operation of the strip reducing mill, normal ten-
sions will be applied to all parts of the strip.

When the following end of the strip leaves the
reel R, there will be no back tension between the
strip 10 and the roll stand L, and it is necessary
to establish a higher-than-normal front tension
between the strip 10 ard the roll stand L so as
to obtain the proper reduction of the part of
the strip 10 between the roll stand L and the
following end. To accomplish this, the tension
applied to the strip 10 between the roll stands
L and M by the tensioning device H'is increased
by  decreasing the energization of the coil of
regulating solenoid 90 of the tensioning device H.
This decressed  energization of the coil of sol-
enoid 80 is accomplished by removing the shunt-
ing circuit for the resistance element HI, de-
scribed hereinbefore, by the opening of the con-
tact element A5 due to the deenergization of the
relay A when the following end of the strip {0
leaves the reel R.

With the establishment of the higher-than-
normal back tension between the strip 10 and the
roll stand M, it is necessary that the front tension
between the strip i0 and the roll stand M be de-
creased to lower-than-normal. This is accom-
plished by applying a shunting circuit to the
resistance elements Il and I2 of regulator I by

7

. time, a shunting circuit is applied to the re- .
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the operation of relay A which closes its contact -

element A4 to close a circuit which comprises
conductor 232, contact element A4, conductor 234,
contact element B4 and conductor 236. Thus
with only resistance element I3 connected in se-
ries circuit relation with the coil of solenoid 80,
the tensioning device I will apply a lower-than-
normal tension to the strip 10 between the roll
stands M and N.

With the decrease in back tension between the
strip 10 and the roll stand N, it is necessary that
the front tension between the strip 10 and the
roll stand N be increased to higher-than-normal.
This .is accomplished by  connecting resistance
elements Ji, J2 and J3 in series circuit relation
with the coil of operating solenoid 98 of the ten-
sion device J. Resistance elements Ji, J2 and J3
are connected in this series circuit by the opening
of the shunting circuit for the resistance element
JI, hereinbefore described, due to the opening
of contact element A3 of relay A. Thus a higher-
than-normal tension will be applied to strip 10
between the roll stands N and O.

With the higher-than-normal back tension ap-
plied between strip 10 and roll stand O, it is neces-
sary that a lower-than-normal front tension be
applied between the strip 10 and the roil stand
O. The lower-than-normal tension between the
strip 10 and roll stand O is established by
increasing the current flow in the fleld winding
120 of winding reel motor 20 by shunting the re-
sistance elements Kl and K2 through a circuit
which comprises one side of the resistance ele-
ment X2, conductor 208, contact element A2, con-
ductor 238, contact element B, conductor 240,
contact element D2, and conductor 242 to one
side of the resistance element Ki. At the same
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sistance elements K3 and K4 to so adjust the cur-
rent strength in the coil of regulator solenoid 122
as to maintain the lower-than-normal tension on
the strip 10. A shunting circuit for the resist-
ance elements K3 and K4 comprises one side of
the resistance element K3, conductor 192, con-
tact element D1, conductor 244, contact element
B8, conductor 246, contact element AT and con-
ductor 202 to one side of the resistance element
K4, Thus it will be seen that the proper ten-

‘sioning is maintained on the strip at each of the

roll stands as the following end of the strip is
moving between the unwinding reel R and the
roll stand L.

The reel motor 22 may be stopped by operating
the normally closed switch 133 to deenergize the
holding circuit relay 132 which will, in turn, break
the holding circuit of the circuit breaker 126.

When the following end of the strip (0 leaves
the roll stand L, the decrease in the load on the
roll motor 12 will permit the armature of relay
B to drop. While the following end of strip 10
leaves the roll stand L and roll stand M, there can
be no back tension applied between the strip 10
and the roll stand N. With the deenergization of
relay B, it will be seen that contact element B3
will close a circuit having shunting relation with
resistance elements Hi, H2 and H3 which com-
prises one side of the resistance element I, con-
ductor 248, conductor 250, contact element B3,
conductor 252 and conductor 162 to one side of
the resistance element H3. This shunting out of
the resistance from the circuit of the coil of the
regulating solenoid 90 will permit such a current
to flow in the coil of the solenoid 90 as will cause
the constant pressure valve 18 to regulate the
pressure in cylinder 16 to hold the idling roller
12 of tensioning device H in the idle position.

Since there is no back tension between the strip
(0 and roll stand M after the end of the strip
leaves roll stand L, it is necessary that the front
tension between the strip {0 and the roll stand
M be increased to higher-than-normal. This
higher-than-normal tension is applied to the
strip between roll stands M and N by increasing
the resistance in series with the coil of the regu-
lating solenoid .90 to decrease the current flow in
the coil. The resistance element Il is connected
in series circuit relation with the coil of solenoid
90 by removing the hereinbefore described shunt-
ing circuit for resistance elements Il and I2 by
the opening of contact element B4 of relay B.

The establishment of a higher-than-normal
back tension between the strip 10 and the roll
stand M makes it necessary that a lower-than-
normal front tension between the strip 10 and the
roll stand M be established. This is effected by
the closing of the contact element B2 of relay B
to close a shunting circuit for resistance elements
J1 and J2 which comprises conductor 253 extend-
ing from one side of resistance element J2, con-
tact element C2, conductor 254, contact element
B2, conductor 256, conductor 214, contact ele-
ment FlI and conductor 180 to one side of re-
sistance element Ji. With only resistance J3 in
series circuit relation with the coil of regulating
solenoid 90, it will be seen that a lower-than-
normal tension will be applied by the tension de-
vice J to the strip 10 between the roll stands N
and O,

The establishment of lower-than-normal back
tension between the strip 10 and roll stand N
makes it hecessary that the front tension between
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the strip 18 and the roll stand O be increased to
higher-than-normal. The higher-than-normal
tension is applied to strip 10 by reel motor 20 by
connecting resistance elements Ki and K2 in
series circuit relation with the field winding 120
of motor 20 and connecting the resistance ele<
ments K3 and K4 in series circuit relation with
the coil of the regulating solenoid 122. Both re-
sistances Kf and K2 are connected in series cir-
cuit relation with fleld winding 120 by the open-
ing of contact element Bf of relay B which opens
the hereinbefore described shunting circuit for
the resistance element K. Both resistances K3
and K4 are connected in series circuit relation
with the coil of solenoid 122 by the opening of
contact element B8 which breaks the hereinbe-
fore described shunting circuit for resistances
K3 and K4. Thus it will be seen that while the
following end of strip 10 is moving between roll
stands L -and M higher-than-normal tension will
be applied to the strip 10 between the roll stands
M and N, lower-than-normal tension will be ap-
blied to the strip 10 between the roll stands M
and O and higher-than-normal front tension will
be applied to the strip 10 by the reel motor 20.

When the following end of the strip 10 leaves
the roll stand M, the load will be removed from
the roll motor 14 and the armature of relay C
will be permitted to drop. With the contact ele~
ment C3 in closed circuit position, a shunting
circuit comprising conductor 258, contact element
C3, conductor 260 and conductor 236 will be ap-
plied to the resistance elements If, I2 and I3 to so
increase the current flow in the coil of the regu-
lating solenoid 90 so as to cause the roller of the
tensioning device I to be held in idling position.

With no back tension between the strip 10 and
the roll stand N, it is necessary that the tension
on the strip 10 between roll stands N and O be
increased to higher-than-normal. This higher-
than-normal tension is obtained by the opening
of the contact element C2 of relay C to break
the hereinbefore described shunting circuit from
resistance elements JI and J2. This will cause
resistance elements Ji, J2 and J3 to be connected
In series circuit relation with the coil of the regu-
lating solenoid 98, thus causing tensioning device
J to maintain a higher-than-normal tension on
the strip 10.

With higher-than-normal back tension between
the strip (0 and roll stand O, the front tensioning
of strip 10 by reel motor 20 is decreased to lower-
than-normal by the closing of contact element
Cl of relay C to complete a shunting eircuit for
the resistance elements KI and K2 which com-
prises one side of resistance element K2, conduc-
tor 208, contact element Cf, conductor 262, con-
ductor 240, contact element D2 and conductor
"242 to one side of the resistance element X1, At
the same time a shunting circuit is applied to
resistance elements K38 and X4 which comprises
one side of the resistance element K3, conductor
192, contact element D7, conductor 244, contact
element C7 and conductor 202 to one side of the
resistance element K4. This shunting of the
resistance elements Kl and K2 and K3 and K4
establishes such current values in the field coil
120 of motor 20 and the coil of regulating sole-
noid 122 as to cause motor 20 to maintain a
lower-than-normal tension on the strip 0.

As the following end of the strip 10 passes
through the rolls of roll stand N, the roll motor
16 is relieved of its load and the relay D is per-
mitted to drop its armature.
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contact element Di to closed circuit position .
completes & shunting circuit for the resistance
elements Ji, J2 and J3 of regulator J comprising
conductors (76, 264, contact element Di, con-
ductor 286, and conductor 268 to thus cause ten-
sioning device J to hold its tensioning roller in
the idling position. Since there is no back ten-
sion applied between strip 10 and the roll stand
O while the following end of strip 10 is moving
from roll stand N to roll stand O, higher-than-
normal tension is applied to the strip 10 by the
reel motor 20. To cause motor 120 to apply and
maintain this higher-than-normal tension to
the strip [0, resistance elements K| and K2 and
K38 and K4 are connected in series circuit rela-
tion with the coil of solenoid 122 and the. field
winding 120 of motor 20, respectively. Resist-
ance elements Kl and K2 are connected in
series circuit relation with the field winding 120
by the opening. of contact element D2 which
breaks the hereinbefore described shunting cir-
cuit for the resistance elements K1 and K2. The
resistance elements K3 and K4 are connected in
series circuit relation with the winding of the
relay 122 by the opening of contact element D1
to break the hereinbefore described shunting cir-
cuit for the resistance elements K3 and K4.
Thus a higher-than-normal front tension will be
applied between the strip 10 and roll stand O
while the following end of the strip 10 is travel-
ling from the roll stand N to the roll stand O.

It is understood that the normal lower-than-
normal and higher-than-normal tensions re-
ferred to hereinbefore may have different values
at the different tension applying points, since to
secure the proper reduction of the strip, the ten-
slons applied to the strip may have to be of dif-
ferent values as the strip progresses through the
mill from stand to stand and is progressively re-
duced in thickness. These different values of
tensioning may be secured and the desired pre-
determined tensions provided by properly select-
ing the values of the adjustable resistance ele-
ments G, G2, G3, G4, 296 and 288, associated
with reel motor 22, HiI, H2, H3 and 300, associ-
ated with the tensioning device H, If, 12, 13 and
302, associated with tensioning device I, Ji, J2,J3
and 304, associated with tensioning device J, and
Ki, K2, K3, K4, 284 and 306 associated with reel
motor 20,

When the following end of the strip 10 passes
through the rolls of roll stand O, the load on the
roll motor 18, will be decreased sufficiently to
permit the armature of relay E to drop. The
opening of contact element E§ of relay E will
break the holding circit for the coil of circuit
breaker 134 which extends from the positive side
of the source of power as shown through con-
ductor 210, the operating coil of circuit breaker
134, conductor 212, conductor 274, contact ele-
ment (41, conductor 216, conductor 218, contact
element E6 and conductors 280 and 282 to the
negative side of the source of power as shown.
The deenergization of the operating coil of the
circuit breaker 134 wil) permit the circuit breaker

- to open to deenergize the winding reel motor 20.

The movement of 75

The winding reel motor
the manually controlled switch 126 to complete
the winding of the strip 10 on the reel S.

The adjustable resistances 284, 286, 288, 290,
294 and 296 are connected in series circuit rela-
tion with the shunt field windings of the motors
20, 18, 16, 14, 12 and 22, respectively, so that
manual adjustments for the proper operating
conditions mav be made, Likewise, variable re-

may then be inched by
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sistances 298, 300, 302, 304 and 306 are con-
nected in series circuit relation with the regulat-
ing solenoids of the regulator G, the tensioning
devices H, I and J and the regulator K, respec-
tively, so that each of these regulators may be
adjusted manually for the proper operating con-
ditions.

When such a strip rolling system as herein-
before described is used to roll hot strip, the
strip gradually cools as it is fed through the
mill and as its temperature decreases, its resist-
ance to rolling increases, and, as a result, the
thickness of the finished product gradually in-
creases from the leading to the following end of
the strip. In order to produce uniform thick-
ness of the strip throughout the entire length of

- the ‘strip, temperature responsive devices have
been provided for varying the tensions applied to
the strip as it passes throuigh the mill, so that
reducing tensions may be increased as the strip
cools to compensate for the resistance to reduc-
tion of the strip due to the decrease in its tem-
perature. These temperature responsive devices
comprise thermostat elements 308 and 3106 me-
chanically connected to rheostats 312 and 3i4,
respectively. The rheostat 312 is connected in
parallel circuit relation with resistance element
316 in the circuit of fleld winding 64 of motor
22 so as to increase the current flow therein and
thereby increase the back tension in proportion
to the decrease in temperature of the strip (0.
While at the present time tension is not com-
monly applied, to the strip at the feed and de-
livery ends of the mill in & hot strip mill, this
invention includes means for so operating the
hot strip mill and it is within the scope of this
invention to omit the tensioning at these points
if it is so desired.

The rheostat 314 is connected in parallel cir-
cuit relation with resistance €lement 318 in the
circuit of field winding 120 of motor 29 so as to
decrease the current flow therein in accordance
with the decrease in temperature of the strip
10 to thus cause motor 20 to increase the tension
on the strip 10. -

Thermostat elements 320, 322 and 324 are con-
nected to operate rheostats 326, 328 and 330,
respectively, and are so connected in the circuit
of the coils of the regulating solenoids 90 of the

tensioning devices H, I and J, respectively, as to-

decrease the current flow in the coils of solenoid
90 with the decrease in temperature of the strip
10 to thus cause the tensioning devices H, I and
J to increase the tension on the strip 10 in pro-
poriion to the decrease in temperature thereof.
It is within the scope of this invention to use a
smaller number of temperature responsive devices
and adjust for temperature change on fewer ten-
sioning devices if such operation is found more
practicable.
Since the thickness of the strip as it is fed to
the mill may vary, and therefore, require the
application of variable reducing forces to produce
the desired reduction in the mill and, since it is
desired ‘that the finished product have as near
a uniform predetermined thickness as is possible,
means responsive to the thickness of the strip at
various stations along the strip are provided, for
.varying thz tension on the strip at the various
tensioning points so that the reducing forces
may be so veried as to produce a finished strip
of substantially uniform thickness. These thick-
ness responsive devices may be of any well known
construction.
The thickness responsive device 332 comprises
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a pair of conducting roller elements 334 biased
to bear upon ‘the strip 10. A resistance responsive
device 336 which may be the usual Wheatstone
bridge arrangement or any other electrical equip-

. ment responsive to the resistance of the strip

between the rollers 334, is connected to rollers
334 and is caused to operate the rheostat 338.
The rheostat 338 is connected in parallel circuit
relation with the resistance element 340 which,
in turn, is connected in series ecircuit relation
with the field winding (20 of reel motor 20.

Variations in the thickness of the strip 10 at
the point where the strip is engaged by conduct-
ing rollers 334 will cause the resistance respon-
sive device 336 to vary the adjustment of the
rheostat 338 to thus affect the field current of
reel motor 20 to cause the motor 20 to vary the
tension on the strip 10.

In like manner, a thickness responsive device
342 is utilized to vary the field current of un-
winding reel machine 22 to vary the tension on
strip 10 between the unwinding reel and the roll
stand L. The thickness responsive devices 344,
346 and 348 likewise function to vary the current
flow through the regulating solenoids 90 of the
tensioning devices H, I, and J in response to vari-
ations in the thickness of the strip. Each of
these thickness devices is so calibrated as to
cause a change in the strip tension in response to
any variation of the thickness of the strip from
the predetermined desired thickness at the point
where the thickness responsive device is located.
It is understood that a smaller number of thick-
ness responsive devices may be used for correct-
ing gauge at any desired number of tensioning
points, ‘

In Fig. 4 there is shown a modification of the
invention in which the draft taken by the rolls of
the mill is varied in accordance with variations
in thickness and temperature of the strip to
thus vary the reducing effort with variations in
strip thickness and strip temperature. It will -
be apparent that as the thickness of the strip
increases the reducing effort must be increased
to produce a given resultant strip thickness.
Similarly as the temperature of the strip de-
creases, as it will when hot strip is being rolled,
the resistance to reduction will increase and
necessitate an increased reducing effort in order
to produce a given resultant strip thickness. In
the embodiment of the invention discussed here-
inbefore in connection with Figs. 1, 2 and 3 of the
drawings, the variations in reducing effort
necessitated by changes in strip thickness and
temperature are provided by an automatic screw
down controlled by thickness and temperature
responsive devices.

Referring to Fig. 4, a screw down device 350
is arranged to be driven by motor 352 to de-
crease or increase the spacing between the rolls
and to thus vary the draft taken by the rolls.
The contact elements 354 and 356 are the con-
tact elements of reversing switch 355 and are
biased in the upper closed circuit position by
spring - member 358 and are disposed to be
actuated by the core of solenoid 360. A strip
thickness responsive device 362, which may be
any such device commonly used for determining
material thickness, but which is shown- as essen-
tially the same as the thickness responsive de-
vices 332, 342, 344, 346 and 348 discussed herein-~
before in connection with the system shown in
Figs. 1, 2, 3, is provided for varying the energiza-
tion of the solenocid 360 in accordance with
variations in the thickness of the strip 10. A
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thermal responsive device 364 is so positioned as
to be responsive to temperature changes in the
strip 10, A resistance element 366 is connected
in series circuit relation with the coil of solenoid
360 and a rheostat 368 is connected in shunt cir-
cuit with it. The rheostat 368 is disposed to be
actuated by temperature responsive device 364
so that variations in the temperature of the
strip 10 will cause variations in the current flow
in the coil of solenoid 368.

In the operation of the system, the thickness
and temperature responsive devices 362 and 364
are so adjusted as to cause such current flow in
the coil of solenoid 360 of switch 355 as will keep
the contact elements 354 and 356 in the posi-
tion shown in the drawings which is between the
upper and lower closed circuit positions. If the
thickness of the strip should change for any
reason the thickness responsive device 362 will
cause such a change in the current flow in the
coil of solenoid 360 as will effect closure of the
reversing switch contact elements to energize
the motor 352 so as to cause the motor to operate
the screw down device 350 in the necessary direc-
tion to correct the condition. The thickness
responsive device will then respond to the
changed thickness and return the reversing
switch 355 to its neutral position.

When the mill is rolling hot strip and the
strip cools, the temperature responsive device
364 will function to change the resistance char-
acteristic of the solenoid circuit. As a result the
motor 352 will be energized to actuate the screw-
down device in such a direction as to increase
the draft taken by the rolls of roll stand L.

The spparatus of Fig. 4 differs from that of
Fig. 3 only in the substitution of screw down
control in Fig. 4, for tension control in Fig. 3
in response to thickness and temperature. The
apparatus of Fig. 4 is interchangeable with that
of Fig. 3 and accordingly the same reference
characters have been applied to the like ele-
ments and circuits.
the thickness and temperature responsive screw
down system of Fig. 4 may be applied to any or
all of the roll stands of the system shown in Figs.
1, 2 and 3. It is further to be understood that
the system may be made to operate in accord-
ance with the principles described herein so that
both the draft and the tension on the strip may

be varied in response to changes in strip thick-

ness and temperature.

It is also to be understood that tensioning de-
vises other than the- particular ones shown and
described may be used, that thermostat elements
other than the ones shown and described may
be used, and forward and back tension regulat-
ing devices for the reel motors other than those
shown and described and any other equivalent
devices may be used to accomplish the desired
results without the exercise of invention.

It will be seen that I have provided a control
system for a strip rolling mill which is reliable
and efficient in operation, and which will so con-
trol the reducing forces on a strip of material as
it is fed through the mill as to produce a strip
of uniform thickness throughout the length of
the strip.

In compliance with the requirements of the
patent statutes, I have shown and described here-
in the preferred embodiment of my invention.
It is understood, however, that the invention is
not limited to the precise construction shown
and described, but is capable of modification by
one skilled in the art, the embodiments herein

It is to be understood that
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shown being merely illustrative of the principles
of my invention. ’

I claim as my invention:

1. In a strip rolling mill, a sét of cooperating
rolls, an unwinding reel and a winding reel for
the strip material, means including said un-
winding reel for applying back tension to the
strip as it passes between said rolls, means in-
cluding said winding reel for applying front ten-
sion to the strip as it passes between the rolls,

‘means for causing said back tensioning means to

apply an abnormal teusion to the strip from
the time at which the leading end of the strip
enters the rolls until said leading end is attached
to and tensioned by the winding reel, means for
causing said front tensioning means to apply
an abnormal tension to the strip from the time
the following end of the strip leaves the un-
winding reel until said following end passes
through said rolls, and means for causing said
front and back tensioning means to apply nor-
mal tensions to the strip while the strip is being
simultaneously unwound from one reel and
wound upon the other reel.

2. In a strip rolling mill having a winding reel
for the strip material, means including said wind-
ing reel for applying front tension to the strip
as the strip passes through the mill, and means
for applying an abnormal back tension to the
strip from the time the leading end of the strip

_ enters the rolls until said end of the strip is
- started winding on said winding reel.
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3. In a strip tensioning control system for a
multi-stand rolling mill having winding and un-
winding reels, means responsive to the positions
of the leading and following ends of the strip with
respect to the roll stands and winding and un-
winding reels for establishing substantially con-
stant total tensions on the strip at each roll stand
while the strip is passing therethrough through-
out substantially the entire length of the strip
as it passes through the mill, and means re-
sponsive to the temperature of the strip and
the thickness of the strip for varying the total
tensions on the strip at the roll stands.

4. In a strip rolling mill, a winding ree! and
an unwinding reel for the strip material, means
including said winding reel for applying front
tension to the strip as it passes through the rolls,
means including said unwinding reel for applying
back tension to the strip as it passes through the
rolls, and means for causing said back tensioning
means to apply an abnormal tension on the strip
while the leading end of the strip is passing from
the rolls to winding position on the winding reel.

5. In a strip rolling mill, a winding reel and
ah unwinding reel for strip material, means in-
cluding said winding reel for applying front ten-
sion to the strip as it passes through the mill,
means including said unwinding reel for apply-
ing back tension to the strip as it passes through
the rolls, and means for causing said front ten-
sioning means to apply an abnormal tension on
the strip while the following end of the strip is
passing from the unwinding reel to and through
the rolls.

6. In a strip rolling mill, & winding reel and
an unwinding reel for the strip material, means
including said winding reel for applying front
tension to the strip as it passes through the rolis,
means including said unwinding reel for apply-
ing back tension to the strip as it passes through -
the rolls, means for causing said back tensioning
means to apply an abnormal tension on-the strip

- while the leading end of the strip is passing from
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the rolls to winding position on the winding reel,
and means for causing both of said tensioning
means to apply normal tensions to the strip while
the strip is being both wound and unwound
simultaneously.

7. In a strip rolling mill, a winding reel and
an unwinding reel for strip material, means in-
cluding said winding reel for applying front ten-
- sion to the strip as it passes through the rolls,
means including said unwinding reel for applying
. back tension to the strip as it passes through the
rolls, means for causing said front tensioning
means to apply an abnormal tension on the strip
while the following end of the strip is passing
from the unwinding reel to and through the rolls,
and means for causing both of said tensioning
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means to apply normal tensions to the strip while

the strip is being both wound and unwound
simultaneously.

8. In a strip rolling mill, means for applying
back tension to the strip as it p2sses through the
rolls, means for applying front tension to the
strip-as it- passes through the rolls, and means

20

for causing said back tensioning means to apply -

an abnormal tension to the strip from the time

the leading end of the strip enters the rolls until-

front tension is applied to the strip by the front
tensioning means. : )

9.'In a strip rolling mill, means for applying
back tension to the strip as it passes through the
rolls, means for applying front tension to the
strip as it passes through the rolls, means for
causing said front tensioning means to apply
abnormal tension to the strip from the time the

back tension is taken from the strip until the end. :;:

of the strip passes through the rolls.

10. In a strip rolling mill, means for applying
back tension to the strip-as it passes through the
rolls, means for applying front tension to the
s 1ip as it passes through the. rolls, means for
causing said back fensioning means to apply an
abnormal tension to the strip from the time the
leading end of the strip enters the rolls until
front tension is applied to the strip by the front
tensioning means; and means for causing both of
said tensioning meang to apply normal tensions
to the strip after front tension is applied to the
strip. ‘ :

112 In a strip rolling mill, means for applying
back tension to the strip as it passes through the

rolls; means for applying front tension to the °

strip as it passes through the rolls, means for
causing said front tensioning means to apply ab-
normal tension to the strip from the time the
back tension is taken from the strip until the

end of the strip passes through the rolls, and °
- means for causing both of said tensioning means

to apply normal tensions to.the strip while both
front and back tensions are applied to the strip
simultaneously. O »

12. In a strip tensioning control system for a
multi-stand rolling mill having winding and un-
winding reels, means responsive to the positions
of the leading and following ends of the strip
with respect to the roll stands and winding and
unwinding reels for establishing substantially
constant total tensions on the strip at each roll
stand while the strip is passing therethrough
throughout substantiaily the entire length'of the
strip :as it passes through the mill, and means
responsive to the thickness of the strip for vary-
ing the total tensions on the stiip at one or more
of the roll stands. : )

13. In a strip tensioning control system for a
multi-stand strip rolling mill having winding and

w
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unwinding reels, means responsive to the posi-
tions of the leading and following ends of the
strip with respect to the roll. stands and winding
and unwinding reels for establishing substan-
tially constant total reducing tensions on the
strip af each roll stand while the strip is passing

" therethrough throughout the entire length of

the strip as it passes through the mill, and means
responsive to variations in the thickness qf the
strip for varying the screw down adjustment of
the mill rolls.

14. In a strip tensioning control system for a
multi-stand strip rolling mill having winding and .
unwinding reels, means responsive to the posi-
tions of the leading and following ends of the
strip with respect to the roll stands and winding

.and unwinding reels for establishing substan-

tially constant total reducing tensions on the
strip at each roll stand while the strip is passing
therethrough throughout the entire length of the
strip as it passes through the mill, and means
responsive to variations in the temperature of
the strip for varying the screw down adjustment
of the mill rolls. .
15. In a tensioning device for a multi-stand
strip rolling mill, a winding reel and an unwind-
ing reel for the strip of material, means for pro-
ducing abnormal tensions in the strip on one side
of each of the roll stands and subnormal tensions
in the strip on the opposite side of each of the
roll stands as the leading end of the strio of ma-
terial passes from the first roll stand to winding
engagement, . with the winding reel and as the
following end .of the strip of material passes from
the unwinding reel through the last roll stand,
and means for maintaining normal tensions on
the strip on each side of each roll stand while the

. leading and following ends of the strip are on the

60
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winding and unwinding reels. o

16. In a tensioning.system for a multi-stand
'strip rolling mill having winding and unwinding
reels, tensioning means bearing on the strip be-
tween adjacent roll stands and acting upon the
reel motors for applying adjustable tensions: to.
the strip between the roll stands and between the

5. end roll stands and the adjacent reels, means for

adjusting said tensioning means to apply normal
tensions to all parts of the strip while both the
leading and following ends of the strip are wound
on the said reels, means responsive to the posi-
tioning of the leading end of the strip for adjust-
ing said tensioning means to apply abnormal ten-
sion to the strip between the pair of roll stands
which is engaging the strip immediately adjacent
the leading end of the strip and between alter-
nate pairs'of roll stands engaging the strip while
applying subnormal tension between intervening

-pairs of roll stands and applying an abnormal

back tension on the strip between the unwinding
reel and the first stand when the front tension on
the strip at the first stand is subnormal, and a
subnormal back tension on the strip between the
unwinding reel and the first stand when the
front tension on the strip at the first stand is.
abnormal, while the leading end of the strip is
being. threaded through the mill from the first
rollI stand to winding relation with the winding
reel.

~17. In a tensioning system for a multi-stand
strip rolling mill having motor-operated winding
and unwinding reels, tensioning means bearing
on the strip between adjacent roll stands and
controlling the reel motors for applying adjust-
able tensions to the strip between adjacent roll
stands. and between the end roll stands and the
adjacent reels, means for adjusting said tension-
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ing means to apply normal tensions to all parts
of the strip as it passes through the rolls while
both the leading and the following ends of the
strip are wound on their respective reels, means
responsive to the positioning of the following end
of the strip for adjusting said tensioning means
to apply abnormal tension to the strip between
the pair of roll stands which is engaging the strip
immediately adjacent the following end of the
strip and between alternate pairs of roll stands
engaging the strip while applying subnormal ten-
sion between intervening pairs of roll stands and
applying subnormal tension on the strip between
the winding reel and the last roll stand when
the back tension on the strip at the last roll stand
is abnormal and abnormal tension on the strip
between the winding reel and the last roll stand
when the back tension on the strip at the last
roll stand is subnormal, while the following end
of the strip is passing from the unwinding reel
to and through the last roll stand.

18. In a tension control system for a strip
rolling miil having winding and unwinding reels
and first, second, third and fourth roll stands,
individually adjustable tensioning means bearing
on the strip between each adjacent pair of roll
stands, adjustable tensioning means for applying
a back tension on the strip between the unwind-
ing reel and the first roll stand, adjustable ten-
sioning means for applying a front tension on
the strip between the winding reel and the last
roll stand, means responsive to the entry of the
leading end of the strip into the first roll stand
for causing said back tensioning means to estab-
lish an abnormal back tension on the strip;
means responsive to the entry of the leading end
of the strip into the second roll stand for causing
said tensioning means between the first and sec-
ond roll stands to establish an abnormal tension
on the strip between the first and second Toll
stands and for causing said back tensioning
means to establish a subnormal back tension on
the strip at the first roll stand; means responsive
to the entry of the leading end of the strl_p u}to
the third roill stand for causing said tensioning
means between the second and third roll stands
to establish an abnormal tension on the strip be-
tween the second and third roll stands, for caus-
ing said tensioning means between the first and
second stands to establish a subnormal tension
on the strip between the first and second 1.'011
stands and for causing said back tensioning
means to establish an abnormal back tension at
the first roll stand; means responsive. to the en-
try of the leading end of the strip into the fourth
roll stand for causing said tensioning means be-

tween the third and fourth roll stands to estab-
. lish an abnormal tension on the strip between
the third and fourth roll stands, for causing f:he
tensioning means between the second and third
roll stands to establish a subnormal fension on
the strip between the second and third roll
stands, for causing the tensioning means between
the first and second roll stands to establish an
abnormal tension on the strip between the first
and second roll stands, and for causing said back
tensioning means to establish a subnormal back
tension on the strip at the first roll stand; means
responsive to the establishment of winding rela-
tion between the strip and the winding reel for
causing said front tensioning means to establish
a normal front tension on the strip at the fourth
roll stand, for causing the tensioning means be-
tween the first and second roll stands, the second
and third roll stands and the third and fourth
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roll stands to esfablish normal tension on the
strip between said pairs of stands, and for caus-
ing said back tensioning means to establish a
normal back tension on the strip at the first roll
stand; means responsive to the complete un-

winding of the strip from said unwinding reel-

for causing the tensioning means between the
first and second roll stands to establish an ab-
normal tension on the strip, for causing the ten-
sioning means between the second and third roll
stands to establish a subnormal tension on the
strip, for causing the tensioning means between
the third and fcurth roll stand to establish an
abnormal tension on the strip, and for causing
said frent tensioning means to establish.a sub-
normal tension on the strip; means responsive to
the passing of the following end of the strip
through the first roll stand for causing the ten-
sioning means between the second and third roll
stands to establish an abnormal tension .on the
strip, for causing the tensioning means between
the third and fourth roll stands to establish a
subnormal tension on the strip, and for causing

the front tensioning means to establish an ab-

normal front tension on the strip at the fourth
roll stand; means responsive to the passing of
the following end of the strip through the sec-
ond roll stand for causing the tensioning means
between the third and fourth roll stands to es-
tablish an abnormal tension on the strip, and
for causing the front tensioning means to estab-
lish a subnormal front tension on the strip at the
last roll stand; means responsive to the passing
of the following end of the strip through the
third roll stand for causing the front tensioning
means to establish an abnormal front tension on
the strip at the last roll stand, and means coop-
erating with the several tensioning means for
maintaining the established tensions.

19. In a strip tensioning control system for a
multi-stand metal strip rolling mill having wind-
ing and unwinding reels, means responsive to the
positions of the leading and following ends of the
strip with respect to the roll stands and winding
and unwinding reels for establishing substan-
tially constant total tensions on the strip at each
roll stand while the strip is passing therethrough
throughout the entire length of the strip as it
passes through the mill, and means responsive
to variations in the temperature of the strip for
varying the total tensions on the strip at the roll
stands.

20. In a strip tensioning control system for a
multi-stand metal strip rolling mill having wind-
ing and unwinding reels, means responsive to the
positions of the leading and following ends of
the strip with respect to the roll stands and
winding and unwinding reels for establishing and
maintaining substantially constant reduction-
due-to-tension effects on the strip at each roll
stand while the strip is passing therethrough
throughout the entire length of the strip as it
passes through the mill.

21. In a strip tensioning control system for a
multi-stand metal strip rolling mill having wind-

ing and unwinding reels, means responsive to the

positions of the leading and following ends of
the strip with respect to the roll stands and wind-
ing and unwinding reels for establishing and
maintaining substantially constant reduction-

" due-to-tension effects on the strip at each roll

75

stand while the strip is passing therethrough
throughout the entire length of the strip as it
passes through the mill, and means responsive
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to varlations in the temperature of the strip for
varying the reduction-due-to-tension effects on
the strip. ) .

22. In a strip tensioning control system for a
multi-stand metal strip rolling mill having wind-
ing and unwinding reels, means responsive to
the positions of the leading and following ends
of the strip with respect to the roll stands and
winding and unwinding reels for establishing and
maintaining substantially constant reduction-
due-to-tension effects on the strip at each roll
stand while the strip is passing therethrough
throughout the entire length of the strip as it
passes through the mill, and means responsive
to the temperature of the strip and the thickness
of the strip for varying the reduction-due-to-
tension effects on the strip.

23. In a strip tensioning control system for
a multi-stand metal strip rolling mill having
winding and unwinding reels, means responsive
to the positions of the leading and following
ends of the strip with respect to the roll stands
and winding and unwinding reels for establish-
ing and maintaining substantially constant re-
duction-due-to-tension effects on the strip at
each roll stand while the strip is passing there-
through throughout the entire length of the
strip as it passes through the mill, and means re-
sponsive to the thickness of the strip for vary-
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ing the reduction-due-to-tension effects on the
strip.

24. A control system for material modifying
apparatus and the like having a pair of elements
operating successively on a length of material
and individual dynamo-electric machines
mechanically coupled to said elements compris-
ing in combination, a current regulator for main-
taining the armature current of one of said ma-
chines substantially constant, and means re-
sponsive to variations in the thickness of said
material for controlling the other of said
dynamo-electric machines to vary the tension of
said materal to decrease the thickness variations
of said material.

25. A control system for rolling mill apparatus
and the like having- a plurality of elements for
successively operating on a length of moving
material, and an electric motor for driving one
of said elements and a second electric motor for
driving another of said elements comprising in
combination, a current regulator for maintain-
ing the current input to one of said motors sub-
stantially constant, and means responsive to
variations in the thickness of said material for
controlling the speed of the other of said motors
to vary the tension of said material to decrease
the thickness variations of said material.
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