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CONTINUOUSLY TENSIONED TANDEM COLD

John B. Tytus and Edwin B. Hudson, Middletown,

. Ohio, assignors to. The American Rolling

Company, Middletown, Ohio, a corporation of
o - ’ .

. Oht

Application July 21, 1933, Serial No. 681,618 .
18 Claims. * (CL 80—35)

Our Invention relates to the rolling of con-
tinuous metal pleces through tandem trains of
cold mills, in which continuous, predetermined
tensions are maintained on the entering and exit

5 sides of the plece with respect at least to each

pass, excepting the first. In an exemplary. op-
eration, metal strips of sheet width are welded

together to form a continuous supply of metal.
This continuous supply is sent serially through a
10 plurality of cold rolling mills arranged in tan-
dem. The continuous supply is tensioned con-
stantly to predetermined degrees with respect to
each pass, to which end it is necessary to pro-
vide a pulling device of a continuous type at
15 least beyond the final mill in the train, and to
provide tension -controlling devices intermedi-
ate the several units in the train. The mills are
arranged to exert upon the plece some tractive
effort; but the use of tension makes.possible s
20 greater reduction. of the' piece per pass than
could be made otherwise. It is not _sufficient
merely to measure the tension of the piece be-
tween passes and to endeavor to control the
Speeds of the sevéral dynamic instrumentalities
25 In the train, in accordance with such measure-
ment of tension.. It is necessary to provide in-
termediate the several dynamic instrumentali-
ties means in which the continuous supply of
metal may be taken up under a constantly -ap-
30 plied -and constantly predetermined static ten-
sion, a sufficient amount of the metal being so
taken up to take care of sporadic irregularities
in the rolling operation. When this iz done, and
when the speeds of the several dynamic instru-
35 mentalities are controlled in accordance with the
Iength of the strip taken up by such static ten-
sion controlling devices, it is possible to maintain
on the strip with respect to each pass, predeter-
mined, constant tensions or differentials of ten-
40 sion. Reference is made to several copending

applications which set forth various phases of -

and Instrumentalities usefdl in carrying on the
general process mentioned: An application in

the name of Edwin B. Hudson, Ser. No. ‘602,883,

45 flled April 4, 1932; an application of Edwin B,
Hudson, Ser. No. 688,100, filed April 18, 1933; an
application of Edwin B, Hudson, Ser. No. 688,101,
filed April 18, 1933; and an application in the
names of Tytus and Hudson, Ser. No. 670,930,
flled May 13, 1933. :
herein made to these applications, a description
of the general process or of specific ‘processes, or
of the several instrumentalities employed will

3 a description ‘of an exemplary embodiment of
this present invention, it being understood, how-
ever, that our invention is not restricted thereto.

This invention relates to the electrical con-
trol of mills, arranged as indicated, for contin-

60 yously rolling an endless supply of material, The

In view of the reference

not be made herein, excepting in connection with- -

methods of rolling strip referred to require an.

automatic elecirical control for their most effec-
tive operation. In preceding rolling operations,
no necessity has arisen for such control because
the sporadic irregularities in the rolling opera-
tion are not cumulative when rolling separate
strips in, lengths of 200 to 300 feet. However,
when Tolling a continuous supply of material,
such sporadic frregularities in the rolling opera-
tion are preferably compensated for, as they oc-
cur, by means of an automatic speed regulation
of the various dynamic instrumentalities of the
mill train. :

10

The sporadic irregularities may be caused by V

such conditions as the following:—

(1) Variation in gauge of the strip to be rolled.
The gauge may vary throughout the length of
the same coil to a slight degree, and the colls of
strip which are welded end to end to form the
continuious supply may vary somewhat in gauge,

15

(2) Variation in the drafts of the mills. It is

desirable to provide an automatic control which
is effective over a sufficient. range so that any
desired dfaft may be had on any particular mill.

The range of such drafts may vary from zero to

50% or more.

(3) Variation in the adiustment of individual
mills. In the operation of a mill train such as
that referred to, it may be desirable to adjust the
mill serew of some of the mills in order to redis-
tribute the drafts, and to distribute work more
effectively between the wvarious mills. It is
therefore highly desirable to provide an auto-
magtic -electrical control which will readjust the
speeds of the various units as such mill screw ad-
justments are made, - -

'(4) Variation in actual or relative speed of in-
dividual units due to a change in the desired
finished gauge. Tt is highly desirable to provide
an automatic control system which will take care
of these variations also to permit the flexible use

of the mill train in the rolling of metal to differ-’

ent desired gauges, or in changing from one
gauge to another. . :

The foregoing indicate certain objects of our
invention. -

It is & further object of our invention to pro-

~vide 8 suitable electrical control having a wide

range of overall speed control, such as a ratfo of
1t0'100. 'The provision of means for a slow speed
is highly desirable for the threading operation,
whereas obviously relatively high overall speeds
are highly desirable in production.

Another object of our invention is to provide
electrical control in the nature of protection for
each of the several motors of the mill train, so
that all motors are stopped by an electrical over-
load. Still another object of our invention is the.
provision of means to stop motors in the train
in the event of & breakage in the continuous sup-
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ply of metal. Where the several automatic speed
control devices are arranged to vary the speeds
of preceding devices, one of our objects is to pro-
vide for the stoppage of all motors behind a break
5§ In the sirip, while permitting all motors ahead
of the breakage to continue running to discharge
the leading portion ot the broken strip from the

‘These and other objects of our invention which '

10 will be set forth hereinafter or will be apparent
to one skilled in the art upon reading these speci-
fications, we accomplish by that certain con-
-struction and arrangement of parts of which we
shall now describe an exemplary embodiment.

18. Reference is made to the drawings, wherein Fig.
1 is a diagrammatic elevational view of an exem-
plary mill train embodying our invention.

. Fig. 2 shows an arrangement of the rheostat
control for the various motors of the mill train,

20 this arrangement being such as to provide for the

automatic speed control hereinabove mentioned. .

Fig. 3 is a side elevation of a rheostat.
Fg. 4 is a detalled showing of a portion of the
mechanical connection between a tension control
25 gevice and the rheostat.of a mill motor.
Fig. 5.shows a portion of a chain equipped with
a controlling pin and employed in connection with
the mechanism of Fig. 4. - )
30 yarious controls employed in the practice of our
invention.
The particular embodiment chosen by us for

the purpose of an exemplary showing herein is a .
35 train of four tandem cold rolling mills indicated -

generally at A, B, D, and E in Fig. 1. These mills .

are of the four-high type having small driven

working rolls. . A pulling machine F is shown at

the end of the train. This pulling machine is

. of the continuous type. We have indicated at C
40 tengion controlling devices located between each
of the mills in the train, and between the last
mill and the pulling machine F. These static ten-
sion controlling devices are capable of taking up
and paying out the strip under a constant, pre-

45 getermined static tension; and they are also so
arranged as to control the speed either of the
mill or pulling machine located immediately
ahead of each tension device, or the mill located
immediately preceding such device. ’
In order that the train may have a continuous
supply of material for rolling, we provide ahead
of the mill a welding device, indicated generally
at 1, a flash cutter 2, and a looping device 3 to
permit continuous feeding of the welded strip in
85 spite of the discontinuous process of welding.
‘Preferably also we provide a brake 4 ahead of
the mill A to lay the strip before it enters this mill.

Beyond the pulling machine ¥, we may locate
& shear §, so that the finished band of metal may

8 pe cut apart, either into sheets or into useful
lengths for coiling as at §.

The instrumentalities thus far referred to do
not require more detailed description, since they
are set forth in one or more of the copending ap-

65 plications heréinabove referred to.

For the sake of an exemplary showing, we have
indicated the static tensioning device C as being
of the hydraulic type, in which the pull roll 38
1s actuated by a piston 8 in a hydraulic cylinder.

70 we have shown the several static tension devices,
each provided with an accumulator having a pis-
ton 7 working in a cylinder 8, which is connected
to the pressure cylinder of the static tension take-
up device C by a pipe 10. The accumulators may

6 pe londed by means of tanks I8, filled with liquid

- Pig. 6 is an electrical wiring diagram of the -
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to predetermined levels. As shown by gauges {7

the hydraulic systems may be filled by means of -

& supply line il, supplying fluid under pressure
from a hydraulic pump not shown, through valves
12. The drainage of the hydraulic system may
be accomplished by means of valves 13. Valves
14 and {8 may be manipulated so as to place the
pistons T of the various accumulators in correct
positions with reference to the pistons 8 of the
‘static tension devices when these devices are func-
tioning properly. It will be understood that this
arrangement of the static tension controlling
mechanisms is exemplary only, and is set forth
here as forming part of but one operative embodi~
ment of our invention.

The apparatus thus far described is exemplary
of a tandem cold mill system in which it is pos-
sible to roll strip material indicated at I8 in
the form of a continuous supply without inter-
ruption, and under controlled and continuous ten-
sion with respect to each pass, whereby it is pos-
sible to sectire a greater reduction in gauge for
each mill than is possible without tension control,
or with a tandem mill rolling separate ‘strips.
This is predicated on an automatic control of the
several dynamic instrumentalities in the train
exerted by the static tension take-up devices; and
we will now describe an exemplary way in which
this may be done. Figure 2 shows at 19 one
‘of the mill motor rheostats used in this instance
to control the speed of the mill motor immediately
preceding one of the static tension devices C.
The rheostat comprises the usual case containing
resistances brought out to contact buttons 24,
a shaft 20 bearing the contact arm 23, and a hand-
‘wheel indicated at 2i. It will be understood that
a rotation of the shaft 20 in one direction de-
creases resistance in the mill motor circuit so as

. to increase the speed of the motor, while a rota-.

tion of the shaft 20 in the opposite direction acts
to cut down the speed of the mill motor. For
the automatic operation, a sprocket 22 is ro-
tatably mounted upon the shaft 27, and is ar-
ranged to be driven by means hereinafter to be
described, in accordance with the length of strip
taken up in the static tension device C. The
hand-wheel 21 and this sprocket are provided,
respectively, with clutch members indicated at
22q¢. The hand-wheel 21 is slidably but non-
rotatably mounted on the shaft 20. When the
clutch parts are engaged as shown in Fig. 3, a ro-
tation of the sprocket 22 will produce a rotation
of the shaft 20. The hand-wheel may, however,
be pulled outwardly to the position shown in
dotted lines at 21’. When this is done, the sprock-
et 22 is disconnected from the shaft 20, and the
Theostat may be manipulated or adjusted by the
hand-wheel 21.

The sprocket 22 is connected by means of a
chain 28 to a sprocket 28, non-rotatably mounted
upon a shaft 27 shown in Fig. 4. A sprocket 28 is
rotatably mounted on this shaft and carries a
.chain 30, to one end of which a weight 31 is at-
tached. ‘The other end of the chain is connected
by means of a cable 32 passing over a sheave 33
to an arm 34 mounted for movement in connec-
tion with the movable roll 38 of the static tension
take-up device:. It will be clear that the move-
ments of the movable roll of this device indicate
the amount of strip taken up by the movable roll
under static tension. S8ince the movable roll is
driven upwardly in the embodiment shown, if it
rises- too far, this indicates that too much strip
is being taken up by the device and necessitates
either a diminution in the speed of the forego-
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.ing mill, or an increase in the speed of the suc-
ceeding mill, depending upon. which mill is to
be controlled thereby. Consequently if move-
ments of the chain 30 are made te_control move-

5 ments of the mill motor rheostat 19, such speed
‘control may be effected. It is advisable, however,
to provide for some lost motion in this drive, so
that there can be an intermediate zone in which
sporadic movement of the tension take-up roller
35 will not directly affect a speed control. We
accomplish this by mounting segmental members
28 non-rotatably upon the shaft 21, and by pro-
viding pins 36 extending beyond the edges of the
chain 30, and adapted to contact these segmentat
16 members. When one of the pins strikes the seg-
mental members, then the shaft 2T will be turned
‘“upon further movement of the chain; but until
this happens there will be no movement of the
shaft 27 because the sprocket 28 is rotatably
mounted thereon. Two speed ranges are. indi-
cated in Fig. 2 at 31 to 38 for the decrease speed

10

20

range, and 38, 39 for the increase speed range.

By the construction shown in these several figures,
the position of the roll 85 of the tension take-up
device will act to increase or decresse the speed
of the motor of the mill immediately preceding

25

or immediately following the tension take-up

device, .
20 The Instrumentalities so far described do not
" scribed in the copending applications to which
reference has been made; but -they have been
described - here in order thai{ the operation of
our invention may be thoroughly understood. .

Briefly, in the carrying out of our invention,
we provide means for effecting an overall speed
control of all of the dynamic Instrumentalities
in our mill train, irrespective of and without
. -affecting the automatic speed control referred to.
40 This enables us either to slow down.our train for

threading, or to speed: it up after threading in

35

order to bring it to the proper production speed.

Essentially we do this by providing separate mo-
tors for each of the dynamic. instrumentalities
45 in the train, controlling these motors automati-
cally as aforesaid, but also controlling them man-
ually by varying concurrently the power supplied

to each. A convenient method of doing this is )

by providing a generator driven by a motor con-
50 nected to the power line, or by any other suitable
- prime mover, and then controlling the power outt-
put of the said generator by suitable means. We
have 'shown in Fig. 6 the motor at G connected
to a generator marked H. This generator sup-
65 plies power to the several mill motors indicated

at Al, B!, DI, and E!, in Fig. 6, and to the motor -

*of the pulling device indicated at FL. We have
shown an excitor K for the fleld windings of the

generator H, the said excitor being controlled by .

60 a suitable rheostat, or the like, 1081 located in
+ & position of convenient accgss to the operator.
The operator’s position is shown at 40 in Figure 6.
Standing in this position'the operator can control
the speed of the motor F! of the puller F by
65 means of the hand-wheel 21 of the rheostat 343
of such motor. This rheostat is indicated dia-
grammatically in this figure at 343. A control of

the speed of the motor F! will, in turn, control the

speed -of all of the other motors in the train,
automatically through the action of the tension
take-up -devices C. Suitable trip breakers are
provided for each of the motors indicated re-
spectively at 502, 602, 702, 802, and 902.
controlling circuits for these breakers derive their

75 power from power leads 300, as will be clear from

70

differ from certain of the instrumentalities de-

The

3

the diagram. By opening a switch 345, the trip
breaker 902 for the motor F! can be tripped by
power derived from the power lines 380, through
leads 344 so as to stop the puller motor F1. The
trip breakers of the other motors in the train are

- arragnged for actuation by means of switches

hereinafter to be described, which switches are
arranged to throw off the strip breakers. These
switches are indicated at SS1,-SS2, and etc. and
are switches adapted to be maintained closed by
the strip and to open automatically upon strip
breakage. They may conveniently be in the form
of switches having-arms bearing against the strip
itself, although they may likewise be arranged

.%o be actuated by the static tension controlling

devices, or by the .accumulators connected there-
with. The switch SSI, for efample, makes or
breaks the circuit represented by leads 304, whicn
Is the tripping circuit for the trip breaker §02 of
the mill motor Al. By following the leads 304,
however, it will be seen that these leads go
through switch mechanisms in connection with
the devices 552, SS3 and SS4. Should a break-
age of the strip occur, say, at the switch 88y,
this would not only trip the breaker 502 con~
hected with the mill motor Al, but also the
breaker 602 (through a circuit represented by

leads 314) connected with the mill motor B, and

also the breaker 102 connected with mill motor
D!, through a circult represented by the leads

-824. In this way a breakage of the strip occur-

ring at any particular point in the train is made
immediately to stop all preceding motors; but it
does not stop suceeding motors, because the cir-
cuits to such motors are not connected . through
preceding strlp breakers. The switch mecha-
nisms SSI and etc. are, however, connected for
magnetic operation through leads (10§ to a
switch 1100 located at the operator’s position 40.
By closing this switch, all of the strip switches
881, and etc. can be held by the operator in the
closed position, while the mill train is being
threaded. When the mill train has been thread-
ed and placed in operation, then the strip 18 itself
will act to maintain the switches SSI and etc.
closed until a breakage in such strip occurs.

- As explained, a rheostat (001 located in the op-
erator’s position controls, through leads {000
and 1002, the excitor, from the excitor K to the

generator H. When the mill train has been :

placed in operation, a variation of this excitor
circuit will control the voltage applied by the
generator H to all of the motors in the mill train,
and consequently will control the overall speed
of ‘the mill train.. The individual speed reguia-
tion of the several motors Al, B!, and etc. occurs
automatically  through the rheostats 300, 3i3,

.328 and 333 (which will be understood as rheo-

10

15

20

25

30

35

40 -

stats similar to the rheostat 19 in Fig. 2) by the -

several static tension devices C diagrammatically
indicated in Fig. 6. The rheostat 343 of the pull-
er motor F! will be controlled by the operator
through the hand-wheel 2{ thereof. Such con-
trol will be usually effective throughout the nor-
mal operating speed range of the mill train when
it is running in production. A variation of the
fleld strength of the generator H, whereby the
overall speeds of all of the instrumentalities is
controlled, may be used to vary speed in produc-
ticn, but is of particular value when lower speeds
are required during the operation of threading
the mills. i

For the electrical protection of the various-

motors, we have provided circuit breakers in-
dicated at 500, 600, 100, 800, and 900. - These cir-

65
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cuit breakers, each-of the ordinary type, have
overload protection; but they are also provided
with additional contacts connected into & circuit
represented by the leads 480 to trip & main cir-
s cuit breaker 401, connected to the power leads
from the generator H, should any of the circuit

load.
In the event that a strip breaks in the mill, all
10 mills or other dynamic devices behind the break

. are stopped, while all of the motors ahead of the

break continue to run, removing the unbroken

-portion of the strip from the milis. )

Preferably all of the trip breakers 802, 602,
15 etc. are provided with additional contacts con-
trolling indicator lines 303, §03, etc. located near
the individual motors. There is also preferably
an indicator light 403, connected to the main trip
breaker 401, by circult 462, -

Thus by our invention we have provided &
means for varying the overall speed of all of the
dynamic instrumentalities in the miil train with-
out affecting the automatic speed comtrol. We
have provided for the stoppage of the motors of
all dynamic instrumentalities when an electrical
overload trips the circuit breaker connected to
any one of them.  We have also provided means
whereby a breakage of the strip will act to stop
mills or other dynamic instrumentalities located
ahead of the break in the train. It will be under-
stood that the mechanism we have disclosed is
exemplary only of our invention, and may be
modified without departing from the spirit there-
of. It will also be understood that instead of
employing & Series of mills and a final puller,
pulling devices may be located between each of
the mills in the train, and may be provided with
motors as are the mill motors in the train.

The term “static tension devices” as used here-
40 inafter in the claims should be construed to mean

. 20

30

devices operating to maintain & substantially in-

variable tension in the strip or rolling piece ir-

respective of the variations in the elongation
thereof or variations in the length thereof be-

45 tween dynamic instrumentalities. :

~ Having thus described our invention, what w

claim as new and desire to secure by Letters Pat-

. ent, is: o '

1. In a rolling mechanism the combination of

50 interspaced driven mills, a pulling device located .

between said mills, and static tension maintain-
ing devices located between each mill and sald
pulling device, each said static tension device
adapted to control the speed of an adjacent mill,
s5 or pulling device respectively and means irre-
spective of sald automatic. control for varying
the overall speed of each of said mills and said

- puller concurrently. - - Lo
. 2..In a rolling mechanism the combination of
60 interspaced driven mills forming a tandem train,

at least one pulling device located at the end.

of sald train, static tension devices located be-
tween each mill and each adjacent mill or puller,

. each of said static tension devices adapted to con-

65 trol the speed of an adjacent mill or pulling de-

vice, and means irrespective of said control for’

varying the overall speeds of each of said mills
and pulling devices concurrently. .
3. In a rolling mechanism the combination of
" 70 mterspaced driven mills forming & tandem train,
at least one pulling device located at the end of
said train, static tension devices located between
each mill and each adjacent mill or puller, each
of said static tension devices adapted to control
75 the speed of an adjacent mill or pulling device,

2,074,878

and means irrespective of said control for vary-
ing the overall speeds of each of sald mills and
pulling devices concurrently, said means com-
prising a generator connected to supply power to
said several mills and pulling devices, and means

for controlling the voltage of the power so ap-
breakers 500, §00, etc. open, due to electrical over- * pll '

ed.

4, In a rolling mechanism the combination of
interspaced driven mills forming a tandem train,
at least one pulling device located at the end of
said train, static tension devices located between
each mill and each adjacent mill or puller, each
of sald static tension devices adapted to control
the speed of an adjacent mill or pulling device,
and means irrespective of sald control for vary-
ing the overall speeds of each of said mills and
pulling devices concurrently, said means com-
prising a generator connected to supply power
to sald several mills and pulling devices, and
means for controlling the voltage of the power so
applied, said means comprising means for con-
trolling the field strength of said generator.

5. In a rolling mechanism the combination of
interspaced driven mills forming a tandem train,
at least one pulling device located at the end of
said train, static tension devices located between
each mill and each adjacent mill or puller, each
of said static tension devices adapted to control
the speed of an_adjacent mill or pulling device,
and means irrespective of sald control for vary-
mgtheoverauspeedsofeachortsaidmﬂlsand
pulling devices concurrently, sald means com-
prising a generator connected to supply power to
said several mills and pulling devices, means for
controlling the voltage of the power so applied,

and means for stopping all of said mills and

pullers upon an electrical overload of any one of

6. In & metal rolling device including dynamic
instrumentalities, a train of tandem cold mills, &
pulling machine located at the end of said train,
static tension devices located between each of
said mills and between the final mill and sald
pulling device, said static tension devices ar-
ranged to take up, under a predetermined force,
a portion of & continuous strip fed through said
train, means for causing said static tension take-
up devices to control the speed of an adjacent
dynamic instrumentality in sald train, means for
simultaneously controlling the overall speed of
each of said dynamic instrumentalities in said
train, irrespective of sald automatic speed con-
trol, sald means comprising a generator connected
to supply power to sald several dynamic Instru-
mentalities, means for controlling the voltage of
the power so supplied, and means for stopping
all of said dynamic instrumentalities behind a
breakage in the strip in the direction of travel of
the sheet upon the occurrence of such breakage.

7. In a metal rolling device including dynamic
instrumentalities, a train of tandem cold mills, a
‘pulling machine located at the end of said train,
static tension devices located between each of
said mills and between the final mill and said
pulling device, sald static tension devices arranged
to take up, under a predetermined force, a por-
tion of a continuous strip fed through said train,

" means for causing said static tension take-up

devices to control the speed of an adjacent dy-
namic instrumentality in said train, means for
simultaneously controlling the overall speed of
each of said dynamic instrumentalities in said
train, irrespective of said automatic speed con-
trol, said means comprising & generator connected
to supply rower to said several dynamic instru-
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mentalities, means for controlling the voltage of
the power so supplied, and means for stopping
all of said dynamic instrumentalities behind a
. breakage in the strip in the direction of travel of

5 the sheet upon the occurrence of such breakage,
sald means comprising switching means for each
of said instrumentalities arranged to be actuated

by the tension in said strip, said switches so con-

nected together that the tripping of any one
10 thereof will trip all switches in the train ahead of
Said one. '

8. In a metal rolling device including dynamic
Instrumentalities, & train of tandem cold millg, &
pulling machine located at the end of said train,

15 static tension devices located between each of
" said mills and between the final mill and said
pulling device, said static tension devices ar-
ranged to take up, under a predetermined force,
a portion of a continuous strip fed through said
20 train, means for causing said static tension take-
up devices to control the speed of an adjacent
dynamic instrumentality in sald train, means for
simuitaneously controlling the overall speed of
each of sald dynamic instrumentalities in said
25 train, irrespective of said automatic speed con-
trol, said means comprising a generator connect-
ed to supply power to said several dynamic in-
strumentalities, means for controlling the voltage
of the power so supplied, and means for stopping
30 a1l of said dynamic. instrumentalities ahead of s
" breakage in the strip, upon the occurrence of
such breakage, sald means comprising switching
means for each of sald instrumentalities arranged
to be actuated by the tension in said strip, said
35 switches so connected together that the tripping
of any one thereof will trip all switches in the
train ahead of said one, and means: for setting
all of said instrumentalities during the threading
operation, ' :
40 9. In g rolling apparatus including dynamic
instrumentalities, the combination of a train of

tandem mills, means located at least beyond the.

final mill'for exerting continuous tension upon a
. continuous strip passing through said mills;
45 means located between all of the dynamic instru-
mentallties in said train for taking up said strip
under a constant, predetermined static tension,
means for-automatically controlling the speeds of
said several instrumentalities in accordance with
50 the length of strip so taken up, means for stop-
ping said instrumentalities upon & release of said
tension, and means for rendering said last men-
tloned means inoperative during the - threading

‘ of said train. - . N o
55 10. In a rolling apparatus including dynamic
- Instrumentalities, a train of tandem cold mills,
means for exerting a pull continuously on a con-
tinuous strip passing through sald train and

located at least beyond the final mill therein,

60 each of said dynamic Instrumentalities being
provided with a separate- electric motor, circuit
Jbreakers attached to each of said motors, & main

circult breaker, contacts connected to each of

the other circuit breakers for tripping said main
65 circuit breaker, subplementary circuit breakers
attached to each of said motors, and means for
“selectively tripping said last mentioned cireuit
breakers upon the occurrence of a break ih said
strip. . ' e T T
70 _ 11.'In a rolling apparatus including dynamic

instrumentalities, a train of tandem cold ;mills,

means for exerting a pull continuously on a con-

~ dynamic instrumentalities,

.5

tinuous strip passing through said train and
Jocated at least beyond the final mill therein,
each of sald dynamic instrumentalities being
brovided with a separate electric motor, mutu-
ally interconnected, eircuit breakers for tripping
said main circuit breaker, supplementary circuit
breakers attached to each of said motors, means
for selectively tripping sald last mentioned cir-

cuft breakers upon the occurrence of a break

In sald strip, said last mentioned means com-
prising strip actuated switches, means for caus-
ing each of said switches to break the circuit
of each preceding switch, means for rendering
sald switches inoperative, and means for simul-
taneously varying the voltage of current applied
to ‘each of said motors, -

12. In a rolling apparatus including dynamic
instrumentalities, a train of tandem cold mills,
means for exerting a pull continuously on & con-
tinuous strip passing through said train and lo-
cated at least beyond the final mill therein, each
of sald dynamic instrumentalities being provided
with a separate electric motor, mutually inter-

connected, circuit’ breakers for tripping ‘said

main circuit breaker;- supplementary circuit
breakers attached to each of sald motors, means
for selectively tripping said last mentfoned cir-
cuit breakers upon the occurrence of a break in
sald strip, said last mentioned means compris-
ing strip- actuated switches, means for causing

.each of said switches to break the circuit of each
preceding switch, means for rendering said.
switches inoperative, means for simultaneously -
‘varying the voltage of current applied to each
of sald motors, said last mentioned means com-.

prising a generator, means for driving said gen-
erator, and means for varying the fleld strength
of said generator, )

13. In a rolling ‘apparatus “including dynamic
instrumentalities, a train of tandem cold ‘mills,
means for exerting a pull continuously on & con-
tinuous strip passing through said train and lo-
cated at least beyond the final mill therein, each
of sald dynamic instrumeritalities being provided
with 2 separate electric motor, mutually inter-
connected, circuit breakers for tripping said
main circuit breaker, supplementary -circuit
breakers attached to each of said motors, means
for selectively tripping said last mentioned cir-
cuit breakers upon the occurrence of a break
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In said strip, said last mientioned means com- ..

- prising strip actuated, switches, means for caus-
-ing each of said switchies to break the circuit of

each preceding switch, means for rendering said
switches inoperative, means for. simultaneously
varying the voltage of current applied to each of
said motors, sald last mentioned means compris-
ing a generator, means for driving said genera-
tor, means for varying the fleld strength of said

generator, means for taking up said strip under
-& predetermined static tension between each of
"sald dynamic instrumentalities, and means for

causing said last mentioned means to effect au-
tomatically & control of the speed of an adjacent

dynamic instrumentality, and means for manu-

ally controlling the speed of one of safd instru-
mentalities which, through said automatic speed
ntrol, will control the speed of all of said other

JOHN B, TYTUS,
* EDWIN B. HUDSON.
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