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My invention relates, generally, to draft con-
trol systems for rolling mills, and, more particu-
larly, to systems for controlling and indicating
the draft taken on strip material as i passes
through a rolling mill,

In the operation of rolling mills, and particu-
larly strip rolling mills, it is necessary that the
amount of reduction of the material being rolled,
commonly known as the draft, be indicated end
very closely controlled so that the rolled product
will have a uniform thickness or gauge.

An object of my invention is to provide a drafi )

control system which shall function to indicate
and control the draft taken on a length of ma-
terial as it passes through the reducing rolls of
a rolling iili. .

A ifurther object of my invention is to provide
8 drafi conbrol system for o rolling mill which
shall function to accurately indicate and control
the drafi taken by the reducing rolls, which shell
be adjusieble to take any desired predetermined
draft and which shall sutomstically compensate
for varlations in the mill speed.

Ancther object of the invention is to provide
8 draft indieating and control system which ghall
be simple and efficient in operation and which
shall Be inexpensive to manufacture, install, and
msintain,

These and other obiects and advantages of the
Invention will be apporen; from the {cliowing
detailed deseription taken in connection with the
accompanying drawings in which Iike reference
characiers deslgnaie identical or similar slements
and in which:

Flgure 1 i3 a disgrammatic view of & strip
rolling mil! and draft control means therefor
embodying the principal features of g preferred
embodiment of my invention:

Fig. 2 is a diagrammatic view of o strip roli-
ing miil and dra?t control means therefor em-
bodying the principal features of another em-
bodiment of my invention: and

Figs. 3 and 4 are graphs illustrating the oper-
ating characteristics of certain parts of the em-
bodiment of the invention shown in Fig. 2.

In practicing the preferred embodiment of
my invention I provide a pair of rollers 18 and
12 which bear upon the strip {4 on opposite. sides
of the reducing roll stand 18 as it passes between
the reducing roils and between the reels i8 and
20. The rollers 0 and {2 are driven by the
strip and their motion is transmitted to opposite
sides of a speed-differential responsive device
22. A varlable-ratio transmission device 24 is
Interposed between the roller 18 and its associ-

ated side of the speed-differentiai responsive de-

- vice 22 to compensate for the difference in the
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speeds of the strip on the opposite sides of the
mill due to reduction of the strip in the mill.

A control device 26 responsive to the spead-
differential responsive device 22 functions to cor-
trol the screw-down actuating mechanism 28.

A stroboscopie device 38 functions to indicate
any deviation of the draft from that determined
by the setting of the variable speed-ratio trans-
mission device 24. A serles of coniact devices
32 Is provided for calibrating the varlable speed-
ratic transmission device 24 and for verifying
its calibration. .

In the embodiment of the invention shown in
Fig. 2, one sids of the speed-differsniial respon-
slve device 22 Iz driven in necordence with the
rotation of the rolier i0 and ths other side is
driven in accordance with the votation of the
roller 12 through s veduction gear unit 34, The
speed-difierential responsive device 22 drives a
generator 30 which is connscied to energize a
draft indlcator 88 snd a rezulating device 40,
The regulating device 40 functlons 4o control the
screw-down actuating mechanism 28 and & sirlp
tensioning device 42, Varistions in the speed of
“the mill are compensztzd for by o generator 44
whoss oubput potential is made to very inverssly
withh the speed of the sivip on thz eniry side of
the maill. The generator &9 Is driven o} 3 spzed
proportional $o the difference hetwesn the speed
of the roller {2 and s constant speed motor 4§
through a differential mechaniom 48, :

The graph of Fig. 3 indleales the cffect of the
reduction gear wnit 38 in the system.

The curves of Fig, 4 represent the oulpui po-
tentials of the generators 35 and 44 at the dif-
ferent sivip speeds and the resultant potentials
acting on the indicator 38 and the regulator 40
at the dliferent degrees of reduction of the strip
in the mill.

Referring again to Fig. 1 for a more compiete
description, the shafi 50 of the variable speed-
ratio transmission device 24 is driven by the roller
i0 through g synchro-iie system 52 which has

_ & transmitting element 84 driven by roller 10
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and a recelving element 56 connected to drive the
shatt 80, The roller 19 is mounted upon a frame
58 which 13 mounted for a vertical movement
against the bias of a spring element §0. A con-
tact element 82 i3 mounted on the frame 58 and
is positioned to engage fixed contact element §4
when the frame 88 is pushed downward against
the bias of this spring €0 by the engagement of
the strip {4 with the roller 19.




2

Tn g similar manner & shaft 86 is driven by
the roller 12 through & synchro-tie system 68
and movable and fixed contact elements 78 and
72 are positioned to engage whén the roller {2 and
its supporting frame are moved downward against
the biasing of & spring 78 by engagement of the
strip 18 with the roller £2.

The variable speed-ratio transmission device
24 comprises a cone pulley 75 mounted on 8 shaft
58 and a cone pulley 76 mounted on a shaft 8
and a belt 86 extending in driving relation be-
tween the cone puileys. = The position of the belt
80 along the pulleys determines the speed ratio
of the pulleys and the positioning of the belt
may be manually controlled by an adjusting
wheel 82 which drives a screw 84. ‘The screw
80 has screw-threaded engagement with & belt
guide 86 which moves longitudinally of the screw
84 upon actuation of the screw to thus adjust the
position of the belt 88 with respect to the cone
pulleys 74 and 76. An indicator pointer 88 is
mounted for movement with the belt guide 88

and cooperates with a scale 80 fo indicate the

adjustment of the transmisison device. Scale
86 may be calibrated in terms of per cent reduc-
tion so ihat the variable speed-ratio transmis-
sion device 24 may be set to produce any desired
reduction of the strip (4. .

The driven shafts 78 and 66 are connected by
means of electrically operated clutches 92 and 84
to drive the shafts 96 and 98. The shafts 96
and 98 drive the opposite sides of the speed-dif-
ferential responsive device 22 which operates a
shaft 180 through the gear members 182 and (84,
The control device 26 comprises anoperatingarm
{85 which is mounted upon the shaft 180 for
rotation by the shaft through the arc between
the contact elements {§8 and (i6 and which is
biased to a central neutral position, as indicated,
by means of spring members {88 and 18, A
contact element 112 is mounted upon the arm
186 to be moved by rotation of the arm {86 into
engagement with fixed contact elements (84
and 116. The contact elements ({2, {14 and i16
operate through the conductors {8 and 128, as
‘indicated, to actuate the motor controller which
in turn controls actuation of and the direction of
rotation of the armature 122 of the drive motor
for the screw-down actuating mechanism 28
through the conductors 124 and 126.  The motor
controlier indicated may be any suitable control-
ler and may take the form of the controller
shown in Fig. 7 of the patent to Lamb No. 2,154~
946, :

The sets of cooperating contact elements

. 62—88 and 76—12 control the actuation of the
clutches 92 and 84 through & circuit which ex-
tends from one side of a suitable source of elec-

- trical energy as indicated through the contact

elements 62 and 68, the conductor 128, the con- .

tact element §38 of a pushbutton switch 132,
the conductor 124, the winding of the clutch 82,
the conductor 186, the winding of the clutch 83,
the conductor 138, and contact elements 72 and
18 to the other side of the source of energy.
The stroboscopic device 38 comprises a disc {48
mounted for rotation by the shaft 78 and an il-
‘ Juminating device 142 positioned to illuminsate
the disc 148 when energized. The illuminating
device 142 may be any suitable device commonly
used for this purpose, such as a grid-glow tube.

A circuit interrupter 044 is mounted to be driven

by the shaft 66 and is connected to intermittent-
1y energize the illuminating device 142 through
s circuit which extends from one side of a suit-
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. able source of electrical energy through the il-
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luminating device 182, a conductor 148, a circuit
control element 148, a conductor 158, and the cir-
cuit interrupter §83 to the other side.of the

- source of energy.

In the operation of the system, as the strip is
passed through the mill and extends between
the reels 18 and 28, it will bear upon the rollers
16 and 12 %o close the control circuit for the
clutches 92 and 84 thus causing engagement of
the clutches. The rollers 8 and {2 will be driv-
en at speeds proportional to the speeds of the
strip. on the opposite sides of the mill. The

-speeds of the strip on the opposite sides of the

mill will be different, and their ratio will depend
on and will be proportional to the amount of re-
duction of the strip 14 as it passes through the
reducing rolls. The adjusting wheel 82 will be
manipulated to adjust the variable speed-ratio
transmission device 28 to produce a speed ratio
of the device corresponding to the ratio of the
speeds of the strip, on the two sides of the mill
which will exist wheén the desired amount of re-
duction in the mill is being produced. With the
Gesired reduction being produced in the mill, it
will be seen that the drive connection between
the roller 12 and the shaft 98 which drives one
side of the speed-differential responsive device
22 and the drive connection between the roller
10 and the shaft 86 which drives the other side
of the speed-differential responsive device 22
will produce rotation of the, shafts 96 and 88 at
equal speeds, and no rotation of the shaft (00
to actuate the control device 26 will occur.’ If,
for any reason, a different degree of reduction of
the strip {4 than that corresponding to. the set-
ting of the variable-speed-ratio transmission de-
vice 24 is produced, there will be a difference in
the speeds of rotation of the shafts 86 and 98
and this differential motion will be transmitted
to the shaft {08 which in turn will cause the
control device 26 to actuate the screw-down ac-
tuating mechanism to so adjust the screw-down
setting of the mill as to produce the desired de-
gree of reduction of the strip 4. ‘
The stroboscopic device 38 will function to
give a visual indication of any variation of the
degree of reduction of the strip from the desired
pradetermined amount. With the circuit control
device 148 in the closed circuit position, it will be
seen that the illuminating device 142 will be en-
ergized to intermittently illuminate the disc (40
at & frequency proportional to the speed of the
strip {4 on the right-hand side of the mill. The
disc 148 being driven by the shaft 18 will be ro-
tating at a speed corresponding to the speed of
the strip on the left-hand side oi the mill mul-
tiplied by the speed ratio of the variable-speed-
ratio transmission device 24. If then the amount
of reduction in the strip is such that the ratio of
the speeds of the strip on the opposite sides of

" ¢he mill is the same as the ratio of the variable-
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speed-ratio transmission device 24, then the speed
of rotation of the disc 148 will correspond to the
frequency of illumination of the disc (40 by
the illuminating device 142, and the disc will ap--
pear to be standing still. However, if the de-
gree of reduction of the strip in the mill is not
such as to produce a ratio between the speeds of
the strip on the opposite sides of the mill corre-
sponding to the speed ratio of the variable-speed-
ratio transmission device 24, the motion of the
disc {48 will not correspond to the frequency of
illumination of the disc by the illuminating de-
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vice 142, and the disc 148 will appear to be mov-
ing,

The series of contact devices 32 provided for
calibrating the variable-speed-ratio transmission
device 24 and for verifying its calibration com-
prise circuit interrupters 152, 154 and 158 driven
by gears {58—I68, 162—i84, and 166—{68, re-
spectively, The ratios between the sets of gears
158—160, 162—164, 166-—i68 have definite fixed
values. The interrupter 156 may be connected
to energize the illuminating device {42 through
& circuit which extends from one side of a suit-
able source of electrical energy through a con-
ductor ‘1718, the interrupter 58, the conductor
172, the circuit-control device 174, the conductor
146, and the illuminating device 14% to the other
side of the source of energy. The interrupters
152 and 154 may be connected to control the en-
ergization of the illuminating device 142 in &
similar manner by means of the selectively actu-
able-circuit-control device {16 and 178.

The sets of gears may be driven by a shaft
180 which may be connected to the shaft 58 by
means of an electrically actuated clutch (82
which is controlled by a contact element I8¢ of
the pushbutton switch 132. '

In the operation of the device for calibrating

" the variabie-speed-ratio transmission device 24,
the circuit control element 148 is moved to the
open circult position and the circuit control ele-
ment 174 is moved to the clused circuit position.
The pushbutton switch 132 is then operated and
this will cause the deenergization of the clutches
92 and 84 by moving the contact element 1380 to
open circuit position and the energization of the
clutch (82 by moving the contact element 184 to
closed circuit position. The operating wheel 82
may now be actuated to make the disc {46 ap-
pear to stand still thus indicating that the speed
ratio of the transmission device 24 is the same as
the speed ratio of the gears {66-—{688. The indi-
cation on the scale 98 may thus be verified since
the speed ratio of the gears 166—188 is known,
or in calibrating this scale 80 the indication may
be marked on the scale. In a similsr manner
other settings of the transmission device 24 may
be calibrated or verified by the selective actuation
of the circuit control element {76 and 178 to ren-
der the interrupters 152 and {54 operative at their
respective known speeds. As many of the inter-
rupter devices as desired may be provided.so that
as many points on the scale 80 as desired may be
calibrated or verifled.

In the embodiment of the invention shown in
PFig. 2 in which like reference characters desig-
nate the corresponding elements common to the
embodiments of the invention of Figs. 1 and 2,
the strip moves through the mill in the direction
indicated by the arrows and the motion of the
strip on the delivery side of the mill is trans-
mitted from the roller 10 through the synchro-
tie system 52, the shaft 18, the clutch 92, and the
shaft 96 to one side of the speed-differential re-
sponsive device 22, and the motion of the strip on
the entrance side of the mill is transmitted from
the roller 12 through the synchro-tie system 68,
a set of gears 34, the shaft 66, the clutch 84, and
the shaft 98 to the other side of the speed-differ-
ential-responsive device 22. The shaft {08 whose
speed is governed by the speed-differential of the
shafts 96 and 88 is connected to drive a gen-
erator 36 wise field winding {86 is connected
through a rheostat 188 to any suitable source of
direct current rower. Thus, it will be seen that
the output potential of the generator 38 will vary
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with the difference in the speeds in the strip on
the entry and delivery sides of the mill. The set
of gears 34 has a very small speed ratio, such as
approximately 88/100. This provides a normal
potential bias of the generator 36 so that it will
have an appreciable potential at the low degrees
of reduction of the strip 14 thereby assuring more
accurate readings on the indicator 38. This
functioning of the gear unit 34 i3 best illustrated
by the graph of Fig. 3 in which the output po-
tential of the generator 3§ is plotted as a func-
tion of the per cent draft taken by the mill,
comparing the conditions of the operation with
the gear unit- 34 and without the gear unit 34.
By reference to Fig. 3, it will be seen that without
the use of the gear unit 34 with a small per
cent draft such as 5% the potential output of
the generator 38 will be approximately 5 voits.
With the gear unit 34 in use, however, with a
drait of .5% the potential output of the gener-
ator 36 will be approximately 15 volts. Since
electro-responsive indicators snd regulators can-
not be accurately calibrated and controlled at
lower potentials, it will be seen that this poten-
tial bias supplied by the use of the gear unit 34
will result in much more accurate draft indica-
tions and regulation at the lower percentages of
drsft.

In order to comyensate this system for varia-
tions in speed of the mill, the generator 44 is con-
nected in circuit with the generator 36 and is
driven at & speed inversely proportional to the
speed of the mill s¢ that its output potential
will ke inversely proportional to the speed of the
mill.. The generstor 44 is provided with a field
winding which may be energized by direct current
energy as indicated. The generator 44 is driven
through a differential mechenism 48 having 5.
sun-gear {94 driven by the roller {2 and a sun-
gear 19§ driven at a constant spesd by the motor
£€6. The diferential speed as determined by
the differential mechanism &8 is transmitted
through the gears 138 and 260 and a shaft 202
to the generator 44, The regulator 49 is conneci-
ed by means of conductors 204 and 206 to con-
trol the energization of the armature 122 of the
drive mctor for the serew-down actuating mech-
anism 28. :

The tensioning device &2 comprises a roller
268 mounted upon a crank 218 which is actuated
to cause the roller 208 to deflect the strip (4 from
its normal pass line and taereby subject it to
tension. 'The crank 210 may be actuated by a
fluld operating piston and cylinder arrangement
212, the force applied by the piston being auto-
matically regulated by a suitable electrically ad-
Justabie regulating valve 214, The amount of
tension applied to the strip may be controiled by
the regulator 40 through conductors 216 and 218
connected to the pressure regulating vaive 214,
The deflectlon of the strip by the tension device
42 may be kept within predetermined limits by
means of a regulater 220 actuated in accordance
with the deflection of the strip by the tension-
ing device 42 and acting upon the fleld winding
222 of the drive motor 224 for the roll stand 226
to regulate the amount of slack in the strip by
control of the speed of the roll stand 226. The
amount of strip reduction for a given screw-
down setting is a function of the tension applied
to the strip as it passes through the reducing
rolls.

In the operation of the embodiment of the in-
vention shown in Fig. 2, it will be seen that the
output pot:ntial of the generator 36 will bhe pro-
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portional to the difference between the speeds of
the strip on the entry and delivery sides of the
mill, With the mill operatingata constant speed,
the output potential of the generator 36, there-
- fore, should be & measure of the reduction of
the strip in the mill.- However, should the speed

of the mili vary, the output potential of the’

generator 36 would not be a true indication of
the draft taken in the mill, although it would be
a true indication of the difference in the speeds
in the strip on the entry and delivery sides cf the
mill. With the generator 44 operating at a speed
proportional to the difference hetween the speeds
of the strip on the entry side of the mill and the
motor 48, this output potential will be inversely
proportional to the speed of the mill. Thus for
2 glven per cent draft the potential of the gen-
erator 44 will tend to compensate for the varla-
tions in the output potential of the generator 86
due to variations in the speed of the mill and
the sum of the output potentials of the generators
25 and 8 will be an accurate indication of the
dreft taken in the mill. This functioning of the
generaior 44 to compensate for variations in the
speed of the mill is illustrated by the graph in
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Fig. 4. It will be seen that for a given per cent -

drait the potentials of the generators 36 and 44
will be adjusted by means of the rheostats 188
and 192 so that the sum of their potentials

throughout the range of variation of the strip

speed will be constan. For 1% draft, for in-
stance, the potential of the generator §6 will be
adjusted to very from zero to 20 volts and the
potential of the generator 44 will be adjusted
to vary from 20 volts to zero through the range
of strip speed from zero to the speed attained at
the meaximum speed of the mill. Thus the sum
of the potentials of generators 86 and 44 will
always equal 20 volts when 19 draft is being
{aken regardless of the mill speed. Any variation
-of the draft, however, with the variation of the
speed of the mill will cause & variation of the
output potential of the generator 36 and this
variation will be obseived on the indicator 38
and will actuate the. regulator 89 to vary the
screw-down setting of the rolls and to vary the
tension applied-to the sirip by the tension de-
vice 42. - . :

. When it is desired to produce @ different per-
ceniage draft in the mill, the rheostats 188 and
182 will be varied to produce the potential indi-
cated by the graph of Fig. 4 corresponding to
the desired draft, and the regulator will be ad-
justed to maintain the screw-down setting and
tension on the strip which will produce the de-
sired draft. N .

It is to be understood that tension devices such
as the tension device 42 described in connection
with the embodiment of the invention shown in
Pig. 2 may be applied on both sides of the mill

stand in the system of Fig. 2 and that the regu--

lator may be made to control the f{ension of the
strip only or the screw-down setting only or
both the fension and the screw-down setting,
either together or in sequence, and that the ten-
sion device may be used either with the screw-
down setting control of the embodiment of the
invention of Fig. 1 or instead of the screw-down
setting control, and that the tension device may
be used on either or both sides of the miil stand
in the system of Fig. 1.

It will be seen that I have provided & draft
control system for & strip rolling mill which
functions to indicate and control the drait taken
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mill, which shall be adjustable to take any de-
sired predetermined draft, which shall automati-
cally compensate for variations in the mill speed,
which shall be simple and efficient in operation
and shall be inexpensive to manufacture, install,

-and maintain, .

in compliance with the requirements of the
patent statutes, I have shown and described here-
in the preferred embodiments of my invention.
1t is to be understood, however, that the inven-
tion is not limited to the constructions shown
and described herein but is capable of modi-
fication by one skilled in the art, the embodi-
ments shown hejein being merely illustrative of
the principles of my invention. :

I claim as my invention:

1.In a draft control system for & strip rolling

‘mill, means applying & tension to the strip as it

passes through the mill, and means responsive
to the difference between the entry and delivery
speeds of the strip for causing said tension ap-
plying means to control the tension applied to
the strip. ' )

2. In o draft control system for a strip rolling
mill, means applying tension to the strip as it
passes through the mill, & differential gear unit
having its respective sun-gears connected to be
actuated in accordance with the entry and de-
livery speeds of the strip as it passes through
the mill, and means responsive to the difference
between the entry and delivery speeds of the strip
as measured by said differential gear unit ior
causing said tension applying means to control
the tension applied to the sirip.

3. In a draft control system for a strip rolling
mill, means applying tension to the sirip as it
passes through the mill, a mechanical speed-dif-
ferential responsive device actuated in accord-
ance with the entry and delivery speeds of the
strip as it passes through the mill, and means
responsive to the difference between the eniry
and delivery speeds of the strip as measured by
said differential device for causing said tension
applying means to control the tension applied fo

5 the strip.

4, In a draft control system for g strip rolling
mill, in combination, means for controlling the
screw-down setting of the reducing rolls of the
mill, means applying tension to the sirip as it
passes through the mill, a mechanical speed-
differential responsive device actuated in accord-
ance with the entry and delivery speeds of the
strip as it passes through the mill, and means
responsive to. the difference between the entry
and delivery speeds of the strip as measured by
said speed-differential device for controlling said
tensioning means and said screw-down setting
control means. i :

5. In a draft control system for a strip rolling
mill, in combination, a mechanical speed-differ-
ential responsive device, drive means including a
clutch for connecting the strip on the entry side
of the mili jn driving relation with one side of
said speed-differential responsive device, drive
means including & clutch for connecting the
strip on the delivery side of the mill in driving
relation with the other side of said speed-differ-
ential responsive device, and means responsive
t0 the engagement of the strip with both of said
drive means for effecting engagement of said
clutches. )

6. In a draft control system for g strip rolling
mill, in combination, a mechanical speed-difter-
ential responsive device, means including a roller

on @ length of material as it passes through the 75 engaging the strip and an electromagnetic cluéch
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~ for connecting the strip on the entry side of the
mill in driving relation with one side of said
speed-differential responsive device, means in-
cluding a roller engaging the strip and an elec-
tromagnetic clutch for connecting the strip on
_the delivery side of the mill in driving relation
with the other side of said speed-differential re-
sponsive device, and circuit control means re-
sponsive to the engagement of the strip with said
rollers for effecting the energization of said
clutches only when the strip is in driving relation
with both of said rollers.

7. In a draft control system for a strip rolling
mill, in eombination, two stroboscdpic members
comprising a rotatable member and a circuit
make-and-break device, means connecting the
strip on one side of the mill in driving relation
with one of said stroboscopic members, means
including a selectively adjustable variable speed-
ratio transmission device connecting the strip on
the other side of the mill in driving relation with
the other of said stroboscopic members, a light
producing device ‘disposed to illuminate said ro-
tatable member, and means connecting said cir-
cuit make-and-break device to control the ener-
gization of said light producing device, said vari-
able speed-ratio transmission device comprising
speed-ratio adjusting means, and suxiliary make-
and-break means connected to intermittently en-
ergize said light producing device at selectable
frequencies that bear predetermined ratios to the
speed of the driven side of said variable speed-
ratio transmission device, whereby the said
speed-ratio adjustment indicating means may be
calibrated and its calibration verified.

8. In a draft control system for a sfrip roll-
ing mill, in combination, two stroboscepic mem-
bers comprising a rotatable member and a cir-
cuit make-and-break device, means connecting
the strip on one side of the mill in driving rela-
tion with. one of_ said strioboscopic members,
means including a selectively adjustable vari-
able speed-ratio transmission device connecting
the strip on the other side of the mill in driving
relation with the cther of said stroboscopic mem-
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bers, & lighy producing device disposed to illumi- .

nate said rotatable member, means whereby said
make-and-break device controls the energization
of said light producing device, differential-speed
responsive means responsive to the difference be-
tween the speeds of sald two stroboscopic mem-
bers, and means responsive to said differential-
speed responsive means for varying the reducing
forces applied to the strip.

9. In a draft control system for & strip rolling
mil], in combinstion, a speed-differential respon-

55

sive device, means connecting the strip on one -

side of the mill in driving relation with one side

_of said speed-differential responsive device,.

means including a variable speed-ratio trans-
mission device connecting the strip on the other
side of the mill in driving relation with the other
side of said speed-differential responsive device,
means responsive to sald speed-differential re~
sponsive device for controlling the reducing
. forces applied to the strip iy the mill, a strobo-
scopic device, and msans connecting said stro-
boscopic device .to be aciusted in accordance
with the speeds of the two-sides of sald speed-
differential responsive device, whereby the stro-
boscopic device may indicate variations of the
degree of reduction of the strip in the mill from
a predetermined degree of reduction determined
by the adjustment of said variable speed-ratio
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transmission device comprising a manually op-
erated speed-ratio adjusting means and means
for indicating the adjustment of the speed-ratio,
auxiliary stroboscopic control means for cali-
brating said speed-ratio indicating means and
verifying its calibration, and means for simul-
taneously rendering said speed-differential re-
sponsive device inoperative and rendering said
auxiliary stroboscopic control means operative.

10. In g draft control system for a strip roll-
ing mill, in combination, & speed-differential re-
sponsive device, means connecting the strip onone
side of the mill in driving relation with one side
of said speed-differential responsive device, means
connecting the strip on the other side of the
mill in driving relation with the other side of
said speed-differential responsive device, means
for maintaining slightly different ratios between
the speeds of the strip on the two sides of the
mill and the corresponding sides of the speed-
differential responsive device, & generator,
means for controlling the ouiput potential of
said generator in accordance with the speed
differential measured by said speed-differential
responsive device, and means responsive to the
output potential of said generator for indicating
the draft taken by the mill.

11. In a draft control system for & strip roll-
ing mill, in combination, a speed-differential
responsive device, means connecting the strip on
one side of the mill in driving relation with one
side of said speed-differential responsive device,
mesans connecting the strip on the other side of
the mill in driving relation with the other side
of said speed-differential responsive device,
means for maintaining slightiy different ratios
between the speeds of the strip on the two sides
of the mill and the speeds of the corresponding
sides of the speed-differential responsive device,
a generator, means for controlling the output
potential of said generator in accordance with
the speed-differential measured by said speed-
differential responsive device, and. means re-
sponsive to the output potential of said genera-
tor for controlling ihe reducing forces applied
to the strip.

12. In a draft control system for a strip roll-
ing mill, in combination, a speed-differential re-
sponsive device, means connecting the strip on
one side of the mill in driving relation with one
side of said speed-diferential responsive de-
vice, means connecting the strip on the other
side of the mill in driving relation with the
other side of said speed-differential responsive
device, means for maintaining slightly different
ratios between the speeds of the strip on the two
sides of the mill and the corresponding sides of
the speed-differential responsive device, a gen-
erator, means for controlling the output poten-
tial of said generator in accordance with the
speed-differential measured by saild speed-dif-
ferential responsive device, means responsive to
the output potential of said generator for indi-
cating the draft taken by the mill, and means
responsive to thé speed of the strip on the entry

" side of the mill for compensating the said draft .

indicating means for variations in the operating

speed of the mill,
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transmiss!on device, said varlable speed-ratio 75

13.In a draft control system for a strip rolling
mill, in combination, a speed-differential re-
sponsive device, means connecting the strip on
one side of the mill in driving relation with one
side of said speed-differential responsive device,
means connecting the strip on the other side of
the mill in driving relation with the other side
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of said speed-differential responsive device,
means for- maintaining o slightly different ratio
between the speeds of the strip on the two sides
of the mill and the corresponding sides of the
speed-difierential responsive device, & generator,
means for controlling the outpul potential of
sald generator in accordance with the speed-
differential measured by said speed-differential

responsive device, & second generator, means for
varying the output potential of said second gen-
erator inversely with the speed of the strip on
the entering side of the mill, and an electrg-re-
sponsive device connected in circuit with said
generators. . : : .

GLENN E. STOLTZ.




