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12:Claims;.

This invention relates to- rolling-sheet' metal,

and “is--concerned more - particularly- with: con-

trolling the rolling-operation sutomatically so as

to-maintain-essentially uniform- thickness:of the:
rolled: sheet:

The invention-is-of ‘especial valuie-in'the rolling:

of*copper and copper-base-alloys'such as-brasses:
I therolling of thirnr gauge sheets of such metals;
it is* customary to- start: with: a; heavy- cast-slab:

or- bar-of*the metal and’ to' pass: it repeatedli-
thirough rolls'which are successively closer spaced:

to rediice its-thickness to the.final gatige desired.
The rolling-operation subjects  thie metal to se-
vere- mechanical workitg; and" it" becomes™ in=

creasingly work-hardened with successive passes”

through the rolls: Because of this work-hard-
ening; it is necessary to anneal the metal periodi=

cally between successive series of passes through.
For convenience in handling the metal.

the rolls.

between  rolling operations, it is coiled as it

emerges from: the rolls, and it is: in the coiled"

form' that’' the. metal'is usually annealed in_the
annealing” furnace. .
cially: feasible. to_conduet’ the. annealing. opera-

tion: in such.manner: that, absolutely uniform.

annealing of’ the. metal” throughout. the. coil.'is
aclifeved.. Consequently . coil’ of metal” after

annealing is likely to. Have. sections. that are.

relatively less. well” annealed” and conseduently

relatively harder. than otlier_sections ity the same.
coil.. THhese. relatively, harder. sections. require.

greater rolling: pressure to efféct. a.given.reduc-
tion in thickness. than thie.softer sections, Con-.

sequently, unless.the rolling: pressure is. varied.
during. passage of’ the.annealed. strip. through.
the. rolls, so. ds. to. increase. the: pressure. while.

rolling the harder sections and.to.decrease.the.

rolling’ pressure. on the. softer. sections, a rolled.

sttip. of .uneven thickness will be produced. This.

unevenness. i, the. .thickness. of. the.roll is. par--
ticularly troublesome in producing sheet.or, strip..

of.thin. gauge, because..in thin-gauge metal; a
thickness.variation of. given .absolute:value.rep-

resents. a. greater percentage variation. than-. in.-
the.case of heavy.gauge-sheet.or:strip.. In.addi--
tion;. variation  in: thickness. due:to: uneven an--
nealing is.to some-extent cumulative over:a.series-

of anneals and reductions in thickness by rolling;
unless:considerable-care is-exercised-te-maintain

even . thickness . during: each.. rolling: operation:.
In:extreme. cases; thickness.variations- as-great-
25:0.008. inch in.rolled. strip nominally. 0.030.inch:

in.thiekness have-been.noted. This corresponds-

to..a.. thickness , variation: amounting to. over 25“

per cent.of.the nominal. thickness...

Heretofore the. skill. of. the. man. performing.

the rolling operations. has been.a.major. factor
in. coping with this problem. THhe rollér man-
uzally, endeavors to.continuously, adjust the roll=

ing-pressure as the strip passes between the 60°
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2
roll§- to meintain evenr thickress of the  rolled
product: - A high degree of skill is' necessary to
accomplish- this- successfully.

Various types of continuously indicating thick=
ness'gauges have been developed to provide visual
indication of the thickness of the strip emerging
from- the" rolls: - These  instruments” have. been
of substantial benefit'in helping to maintain the
strip-within commercial thickness tolerances but

" they have.not eliminated the problem nor ap-

preciably rediiced the skill required on the part
of the roller.

Various efforts have been made to devise suto-
matic, means for controlling the rolling pressure

in’ response” to thickness indications given by a

continuously acting. thickness measuring instru-
ment. So far as we are aware, however, these
automatic controls have never been applied suc-
cessfully. to the rolling of copper. and copper
alloys. We attribute this lack of success to the
tendency of automatic controls to hunt, that is,
to. cause. the rolling pressure to oscillate above
and below the value that should be maintained.
In extreme cases, this:hunting efféct may be so

" serious.as actually- to result’in a: rolled strip of

even more varying thickness than if no.control
is employed.

The present invention. provides an improved
apparatus for automatically controlling the roll-
ing pressure exerted by a rolling mill in.response
to thickness variations.in. the rolled sheet. THe
invention. contemplates . provision. for minimiz-
ing the effect of over-control and hunting, so that
rolled sheet or strip may.be produced within very
close thickness. tolerances.

In sdccordance with the invention, the extent
to. which. the thickness- of the sheet emerging
from. the: rolls varies from. a. desired standard
thickness is measured by means which produce
electrical currents. of. intensity. related in.mag-
nitude to the magnitude of such: variations.
These. currents are: utilized. as. eontrol currents
for-automatically: adjusting the rolling pressure,
but the control action of the currents is re--
peatedly: interrupted- so: as: to- minimize: over-
control. and - hunting, and. so’ to: maintain the-
thickness -of. the rolled. sheet substantially uni-
form within: preselected limits.

The improved: control. provided-by the inven-
tion . comprises-a: relay- cireuit having: its output
connected to. the-controls operating the electric
motor: or-other' means: for-adjusting the rolling
pressure:. Theoutput: of- the relay is controlled

‘by-gauging means which produce an electric cur-

rent. of. magnitude related to the. thickness of.
the metal emerging from the rolls. A repeating
timer repeatedly interrupts. the. output of the
relay, thereby minimizing over-control and.
hunting,

In one- advantageous embodiment’ of ‘the in-
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vention, the output current from the gauging
means operates a galvancmeter carrying a mir-
ror, or other device, for directing a beam of light
back and forth between a pair of photoelectric
cells. The output currents of the photoelectric
cells actuate relays, which in turn actuate,
through the repeating timer, the motors or other
means by which the rolling pressure is controlled.
The thickness tolerance to be maintained is set
by appropriately adjusting the spacing between
these photoeleciric cells.

In a further embodiment of the invention, a
second pair of photoelectric-cells is arranged so
as to be energized by the light beam in case the
thickness of the rolled sheet departs materially
from the preselected tolerance initially estab-
lished; These additional photoelectric cells are
arranged to cut out the repeating timer and so
cause the rolling pressure to be changed rapidly
to restore the thickness of the rolled sheet to
within the desired tolerance.

The invention will be better understood from
the following description of a specific embodi-
ment shown in the accompanying drawings, in
which

Fig. 1 is a diagrammatic representation of the
new control;

Fig. 2 is an elevation of a form of mount for
the photoelectric cells;

Fig. 3 is & plan of the mount shown in Fig. 2;
and

Fig. 4 shows in perspective the cam represent-
ed in Fig. 1.

In Fig. 1, a rolling mill comprising rolls (only
the upper roll {8 is shown) mounted between
roll frames (i is diagrammatically illustrated.
The rolling mill is schematicaily shown as pro-
vided with screw-down motors i2 and 13, each
driving a shaft i4 through which roll screw-
downs 15 are operated. The first motor {2 ro-
tates in a direction to bring the rolls closer to-

gether, and the other motor 13 rotates in the

opposite direction to separate the rolls.

A strip of metal {§ is shown passing through
the rolls.  The thickness of the strip as it
emerges from the rolls is measured by. a con-
tinuously acting measuring instrument, such as
a flying micrometer, having rollers (only one
roller {7 is shown) bearing against opposite
sides of the sheet. The rollers {7 are urged to-
ward one another against the sheet by spring
means and so are always separated by a distance
equal to the thickness of the sheet passing be-
tween them. If the sheet is of varying thickness,
there will be slisht movement of the rollers to-
ward and away irom each other. A minute elec-
trical current of magnitude related to and meas-
ured by the spacing of the rollers, and hence to
the thickness of the sheet, is produced in the
micrometer head 18. This head is electrically
connected to an amplifier unit 20, and the am-
plified current registers on a micrecammeter 21{.
The current registered by the microammeter is
proportional to, or otherwise a function of, the
thickness of the sheet passing between the roll-
ers {7, and hence the microammeter reading
indicates the thickness of the strip. One form
of thickness measuring instrument of this char-
acter which may be used in accordance with the
invention is the Electrolimit continuous thick-
ness gauge, Model D, manufactured by Prait &
Whitney Company, of Hartford, Connecticut. It
is understood, however, that this particular gauge
is named only by way of example, and that any
thickness measuring instrument which produces
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an electrical current related in magnitude to the
thickness of the sheet being measured may he
used.

A moving-coil galvanometer 22 carrying a mir-
ror 23 is connected to the terminals of the micro-
ammeter 2i. A light source 248 connected to a
power supply line 25 projects a beam of light
against the mirror 23. As the coil of the galva-
nometer moves back and forth in response to
changes in the magnitude of the current supplied
to it through its connection to the microammeter,
the light beam reflected by the mirror 23 is de-
fiected from its normal, central position and
moves back and forth between two photoelectric
cells 26 and 27. 'These photoelectric cells are
connected . respectively. to photoelectric relay
units 28 and 38. Each of relay units includes an
amplifier circuit for magnifying the current
which passes between the electrodes of the pho-
toelectric cells when they are illuminated suffi-
ciently to actuate relay switches 3f and 32 in
the respective relay units 28 and 38. Various
types of photoelectric relay units, such, for ex-
ample, as the Photoelectric Relay Unit Catalogue
No. CR7505-K108 G112, manufactured by the
General Electric Company, of Schenectady, New
York, are available for use in cur control equip-
ment. This particular relay is mentioned only
by way of example, as any suitable relay may he
used.

One terminal of each of the relay switches 31
and 22 is connected to a terminal of a timing
switch 33 forming a part of a repeating timer 34.
The repeating timer also comprises a timing cam
35 rotated by a motor 3§ which is connected to
the power supply line 25. The switch 33 is of
the normally closed type, but may be opened by
depressing a plunger 37. A lever 38 bearing on
the plunger 37 and also on the timing cam 35
causes the plunger to be alternately depressed
and released as the timing cam rotates and al-
ternately raises and lowers the lever 33. The
timing: mechanism thus serves repeatedly to
open and close the circuit through the switch 33.

The timing cam 35 advantageously is of the
type consisting of two or more similar cam
wheels 69, 61 (Fig. 4) which may be adjusted
angularly with respect to cne another and then
may be clamped together on the drive shaft 62
by locknut 63. This angular adjustment of two
or more cam wheels changes the length of the
cam surface and permits adjusting the propor-
tion of the time the lever 38 is depressed (or re-
leased) out of each full cycle of its motion, viz,
per interruption cycle. Several pairs of cams
may be provided so that various ranges of timing
may be obtained.

The rate at which the timing cam should make
and break the circuit through the switch 33 de-
pends on many factors such as size of the rolling
mill and electrical characteristics of the screw-
down motors, but in general the full cycle of make
and break should be of the order of one second or
less time in length.

The timer shown in the drawings and described
above is a mechanical timer and is entirely satis~
factory for use in accordance with the invention.
However, electronic timers, such as a pair of type
T15U Cycle Timers, manufactured by ¥Photo-
switch, Inc., of Cambridge, Massachusetts, may
be used equally well. The particular form of
timer employed is optional so far as the present
invention is concerned, so long as it is capable of
repeatedly and continuously interrupting the
eontrol circuit in which it is connected, independ-
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ently:of: thesoperntion’ of sthezrolls:. By: this:is:
meant! thati actuation: of “ thes timer ~which: pro=-
ducescthe interruptions:is:not-controlled:or-even
1 by ther
control:thereof; or ‘by:the:rotationsor:ratesof ro=.
tation of:the:rolls;: :

- Thesterminal of ithestiming-switch: 33 oppositer
that: tor which the relay:switches:3{rand: 82 are:
canneeted, . is; connected: to: one: (upper); side: of:
the supply;line: 25.. The:terminal-of-the: firstires
lay: switich:: 31¢ opposites that: connected: tos the:
timer:is:connected: to: one: terminal: of ‘thexfirst:
serewsdown: motor:: {2;. and: the: other- terminak
of > thesmoton: is-connected::to: the:other: (lower):
sidecof-theasubply-line:25:. Similarly; aiterminal
ofithe:second: relay.switch:32:is connected: to one:
terminal of the:second: serew=dowi motor-43; and:
thesotherterminal of-this motor-also:is connected:
tocthersupply-line;25i:. Thusrthesfirst motor: 1%;
through: whichithe: rolls: of : the: rolling mill: axer
brought closer:together; iszconnected:across:the:
supply-line: 25: through: the: first- relay- switch: 31

and thestimingsswiteh: 335/ and-the:second motor:
135 throughwhich:therolls arezseparated,.is cons:
necied: aerosscthe: supply linethrough:the:second’
relayrsswitch:3%: and thertiming switeh: 83:

Solong assthethickness-of-the:strip-heing:rolled:
is:within the:preselected: tolerance (which'.is-de=
texmined by the:physical. spacing .of ithe: photos-
eléetric cells 26:and~27); the current:supplied:-to:
thesgalvanometer:: 22 issof: such: magnitude: that:
therlight:beam:reflected by:thesmirror:-23-oscil~
latessbetween:thesphotoelectric :cellsibut:does:not:
fall upon either-of:them: These:cells:therefore:
are not actuated, the relay switches;3): and: 32
remaini open, and: the: motors 2:andy {3 do not
operate: Consequently:the spaeing: and pressure:
between:the:rolls:of the rollingmill remain essemns-
tially: constant.  If; . however, @ hard: section:
oceurs: in: the: strip: and- the thiekness, of: the:
emerging strip increases beyond:the preselected:
tolerance, the-current:input:to the:galvanometer;
22.is:changed sufficiently;to-deflect. the movingcoil-
and mirror-enough to reflest thelight-beam onte:
the-active.surfaee of thefirst phetoelectricicell 28,
which, in turn, actuates-the relay-unit 28-to.effect.
closing,of:the. switeh 31 As:a:result; the motor.
i 2:s.operated to bring:the:rolls.of the.rolling. mill,
closer together. and. increase.the rolling pressure.
during the:intervals:that .the:timing. switch:. 33
is: closed.. With: the:relay.switeh.. 34 . clased, the.
effect.of:the timing, switeh is to.permit.a.series.of.
current pulses, rather:than a steady.current-flow,
to.pass.through.. the. metor: £2; thus causing. it.to:
operate. interruptedliy.  This.interrupted.opera=~.
tion.of the.moator.enables.it- ta increase.thexolling.
pressure. by increments.oi: the amount.reguired;.
witheut. overinereasing. it, and.so. minimizes.any.:
tendency toward.over-control.and hunting. .

In. a. similar. fashion, if” the. emerging, sivip.
should he, of ‘a. thickness_below thie.desired toler=
ance, the galvanometer.22.is deflected in.the.op-
posite.direction and the light. beam. is. reflected on.
to.the_active.surfage of the_second. photeelectric.
cell 27, . The.relay. switch..32..thereupon.is.closed.
and the motor, [3.is. operated. through the:-timing.
switeh: 33 to. decrease the rolling. pressure.

QOccasionally, because of.an.excentionally hard.
section in. the_strip. being rolled, or. for. some.
other reason, the thickness of the emerging. strip.
may, depart. substantially, from the. preselected’
tolerance limits, If this. occurs,, tlie appropriate.
screw=down.motor {2 or (3 should be operated:
rapidli. to compensate for, this extreme  thick--
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of:onter: phiotoelectric: cells: 40 and 44 may:be:pros
vidéd: Ezch:of these:photoelectric: cells:is cons:
neeted :to:a: photoelectric: relay-unit-42-including
an:amplifier-and a-relay:switch: 43; This switch”

¢ 43:is:connectéd across the:terminals of ‘the:tim=

ing=switeh 33,50 that when the:switch: 43:isclosed:
the timing switch dszshortcircuited. The:outer:
photoelectiiczcells:40;and 41 are:somewhat moxre:
widely -separated: than:the:inner- pair. of:photos.

; electric cells 26 and 27, and light refleeted:from:.

the: mirrox: 23: falls: upon: them.: only. when:.the
galvanometer: is: deflected: beyond: the : limits:
through-which :it'normally:osecillates.. The-outer:
cells:40:and 44, however, are:located with respeet:
to-the-inner: cells 26:and27.so that: when .the re=-
fiected: beam:of:light:-falls:upon either. of these:
outerrcellss49:-or: &1 ; it-also-will.fall upon the ad=-
jacent inner:cell 267 or 21;

If the thickness.of 'the.emerging sheet.increases:
enough:so; that-the.galvanometer:22-is-deflected
to: the: point: where - light. is- reflected: from. the:
mirror:28 on:.to: the:aetive:surface-ofrthe:outer:
photoelectric: cell: 48; the:result.is: that:both-of:
the: photoelectric: cells. 26 and: 40 -are- activated:
and both: of the relay:-switches 31 and. 43 are:
closed: ‘The: circuit: through: the motor: 12: is:
thereby completed; as' the timing switch- 33 is:
shorted. out:. by the rclosed relay-switch: 43;. and
the:motor: 12 -operates without interruption: until:
the: rolling ;pressure: has: increased. sufficiently: to:
reduce:-the thickness:of: the:emerging strip to-a:
value. within- the tolerance::range: in: which: ho
light -isrreflected:on;to.the -photocell 48.. When.
the-photacell 48-is:no-longer-activated; the:relay:
switeh: 43.opens, and: the-timing; switeh: is: again:
eftective:for;interrupting -the: cirenit . in which-it:
is-connected.

In: & simrilar- manner; if-the: thickness: of the:
sheet decreasessmuch below the:preselected. toler=:
ance; the: galvanometer: 22, is. deflected - enough:
so.-that light: reflected. from: the: mirror: 2% im=-
pinges on the- outer-photoelectric-cell 41 as-well:
as: on- ity adjacent inner: photoelectric: cell: 2.
Here:.again; the -relay: switch' 43:is-closed, short=-
ing: oub-the: timing: switch .33; and: thecircuif:
through the motor 13 that is closed in conse=
quenee: of. closureof . the-relay switch-32: The
metor 13-therefore:operates rapidly: without in=-
terruption- to.reducer the rolling: pressure; until:
the thickness:of the-emerging. strip-has-increased:
to. within - the-preselected tolerance: limits:

It: is. apparent: from-: the- foregoing- that the:
bhysical. spacing of: the: photeelectric: cells: 26~
and .21~ determinss.the: thickness:tolerance: that:
will normally: be: maintaired: by the control heres.
in described:: - Different tolerance limits-are:com~
mereizlly established: for different-metals and for
different- thicknesses; widths; and-gradescof:the:
same metal.. Aecordingly; wecontemplatermourts
ing, the.photoelectric: cells: so that: the spacing:
bebween them:may-be:rreadily: adjusted: by unis -
control.means:to .- correspond:-tonwhatever thicks -
ness: tolerancer istb ‘be:rmaintained: A: suitable:
meunting - of this: character: is: shownin: Figs: 2°
and: 3. The mounting unit:skown: comprises-a;
pair: of - upright side:frames: 45 fastened by angle-
irons-48:or.other:suitable:means:to a:base board”
41. - A-spaced pair-of rodé:48-externdsbetween thas
two:side frames: A:pair:ofitube:carriages-50 are-
supported: on- the: rods: 48 by> grooved: rolls- 51.
The:rods thus. provide-ways along:whichsthe cars -
riages:. 58.. may- be. moved- toward:-or- away:from:
each.other.  A.sprocket.chain 52ipasses around-
a pair.of:sprocket wheels 53.and:54, one-of-which::

ness variation. For.this-purpose,.a second pair. 75. is.mounted on each.side frame, The-upper:loop:
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of the sprocket chain 52 is connected by a screw
55 to one of the carriages 50, and the other
loop of the sprocket chain is connected by a screw
56 to the other carriage. One of the sprocket
wheels 58 is provided with a crank handle 5T for
conveniently turning it. As the crank handle is
turned clockwise, the carriages 508 are moved to-
ward each other, and as it is turned counter-
clockwise, the carriages are moved away from
each other.

. On each carriage 50 is mounted.a tube support
bracket 58, on which sockets 59 for the photo-
electric cells are fastened. The photoelectric
cells 26, 27, 40 and 41 are mounted in these sock-
ets. As shown in the drawings, it is advanta-
geous to configure the tube supporting brackets
58 so that light reflected from the galvanometer
mirror 23 impinges on the cells substantially per-
pendicularly to their longitudinal axes.

- The particular form of mount shown in Fig. 3
is designed for use of physically large photoelec-
tric cells 26 and 27 for main control purposes,
and physically small photoelectric cells 40 and
4| for shorting out the timer. It is evident, how-
ever, that four photoelectric cells all of the
same physical size may be employed by suitably

changing the shape of the brackets b8, or by

mounting the sockets for the main control pho-
toelectric cells 2§ and 2T relatively farther out
from the surface of the brackets than the sock-
ets for the other pair of photoelectric cells.

By turning the crank 57 and thus moving the
carriages 80 toward or.away from each other, the
photoelectric cells may be spaced apart any de-
sired distance within the limits of trave] of the
carriages 50. The tube mounting structure de-
scribed above may be calibrated in conjunction
with the sheet metal thickness measuring instru-
ment employed, and such calibration may be
noted by markings indicating the position of the
carriages 58. After such calibration, it is a sim-
ple matter to set the photoelectric cells at a dis-
tance apart corresponding to whatever thickness
tolerance it is desired to maintain in rolling sheet
metal in a rolling mili equipped with the new
control.

We have found the control herein described to
be highly effective in maintaining very close
thickness tolerances in rolling non-ferrous alloy
strip to thin gauges.
have maintained automatically in accordance
with the invention are very much closer than
standard commercial tolerances for sheet metal,
and in fact are very much closer than can be

maintained commercially either manually or by &

controls heretofore proposed or available.

- It is understood that the invention is not con-
fined to the embodiments specifically described
herein in conjunction with the drawings. For
example, it is not necessary that two separate
motors be employed to operate the roll screw-
downs. It is equally possible to use a single re-
versible motor, and connect the relays so that
actuation of one relay causes the motor to oper-
ate in one direction to bring the rolls closer
together and actuation of the other relay operates
the motor in the opposite direction to separate
the rolls. Or two reversible motors may be used,
one operating on each side of the rolls, so that

either side may be screwed down or up independ-

ently of the other. In this latter case, the two
motors should be positively connected mechani-
cally, as by a clutch, so as to operate as a single
unit when an automatic control employing only
a..single gauging means and one relay system is

The tolerances which we .
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used.  'The use of reversible motors to control roll
screw-downs is common practice in the art.

Similarly, it is not necessary to employ a meas-
uring instrument which actually bears against
the metal emerging from the rolls. Measuring
instruments including elements between which
the strip passes without actually coming in con-
tact with them are available agnd may be used
equally as well as an instrument of the type par-
ticularly described herein. For example, gauging
means using X-rays to compare the thickness of
the rolled strip with that of a standard specimen,
and having an electric current output related in
magnitude to the difference in thickness between
the rolled strip and the specimen, are available
and may be used successfully. It is only neces-
sary that the thickness gauging instrument and
its associated elements have a current output
which is related in magnitude to the desired
thickness of the strip and is therefore capable of
serving as an initial control current.

Particular reference has been made herein to
gauging instruments that produce a current re-
lated in magnitude to the thickness of the sheet,

- but instruments that produce a voltage, rather

than a current, so related to the sheet thickness
may be used equally well. In stating that the
gauging instrument “produces” a current (or volt-
age) related in magnitude to the sheet thickness,
it is understood that the instrument may actually
generate such current (or voltage), or it may
simply modify a current or voltage supplied from
an external source so that the magnitude thereof
becomes related to the sheet thickness.

We claim:

1. In apparatus for rolling sheet metal com-
prising a set of rolls, electrically operated pres-
sure adjusting means for gdjusting the pressure
between said rolls, and gauging means producing
electrical currents of magnitude related to the
thickness of sheet metal emerging from the rolls,
the improvement which comprises a pair of
spaced photoelectric cells, a light source, optical
means for deflecting a beam of light from the

w.source from g normal line to one of said cells

whenever the current produced by said gauging
means corresponds to sheet thickness below the
desired tolerance and to the other of said cells

~whenever such current corresponds to sheet
. thickness above the desired tolerance, a relay

connected to the first photoelectric cell and actu-
ating the pressure adjusting means to decrease
the rolling pressure when light from the source
is directed to said first cell, a second relay con-

-nected to the second photoelectric cell and actu-

ating the pressure adjusting means to increase
the rolling pressure when light from the source
is directed to said second cell, repeating timer

_means for repeatedly and continuously inter-

rupting actuation by the relays of the pressure
adjusting means, gnd means independent of the
electrically operated pressure adjusting means,
and independent of the operation of said set of
rolls for continuously operating said repeating
timer means to minimize overcontroll and hunt-
ing, and means for adjusting the spacing of said
photoelectric cells from said normal line, whereby
to effect the adjustment of the sheet thickness
tolerance which is to be automatically main-
tained.

2. In apparatus for rolling sheet metal com-
prising a set of rolls, electrically operated pres-
sure adjusting means for adjusting the pressure
between said rolls, and gauging means producing
electrical currents of magnitude related to the
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-thickness-of sheet:metal:emerging:from:the:rolls,
zthedmprovement-which:.comprises:photoelectric
«means ~through swhich ssaid ‘pressure sadjusting
-means:arezactuated, :means:for :energizing :said
-photoelectricmeans. in response: tozcurrents; pro-
Sduced-by-said:gauging means, and:means:operat-
-ing -independently :of said :pressure :adjusting
-means.and:independently:of the.operation-ofisaid
sset of rolls’for repeatediy:and-continuously inter-
-rupting: the: getuation by:the-photoelectric-means

of said pressure:adjusting means; thereby:actuat-
ing:said-pressure adjusting means:as: reqguired to
-maintain-the:thickness-6f the rolled:sheetimetal
swithin:preselected:toleranees with minimization

-ofovercontrol and hunting-of:said pressure gd-

-justing :means. .
3.0 In :apparatus: for:rolling:sheet:metal cem-
prising ia:set of rolls,electrically: .operated -pres=~
sure:adjustingimeans for :adjusting: fhespressure
between said rolls, a.power.:souree: for:energiz-
Jing said pressure.adjusting means,: and: gauging
‘means : producing ::elegtrical .currents of :imagni-
tude related .o :the: thickness .«0f . sheet :metal
emerging. froim the rolls, the improvement which
-comprises :a::pair of spaced: photoelectric cells,.a
light :source, means for: idirecting: light:from: the
‘souree.to-one or-the other of said.cells'to energize
‘the:same:whenever.the:current produced by said
-gauging "means- eorresponds 1o sheet ‘thickness
-outsidea preselected toleranee; relay means actu-
~ated. in responseto said photoelectric -cellsand
-connected-to-said power source and-to:said pres-
sure adjusting - means for .actuating..said ;pres-
‘sureradjusting means:in response to-energization
-of'the:photoelectric eclls:as required: to'maintain
-the: thickness of ‘the rolléd:-sheet metal: substan-
tially within the preselected tolerance, sand
~means -operating independently -of -said -pressure
-adjusting - means--and: independently:.ofthe..op-

~eration  of isaid~set- of “rolls-for ‘repeatedly:..and -

“eontinuously: interrupting ‘the: actuation by said
‘relay means-of-said pressure:adjusting ‘means.to
minimize:overeontrolzand hunting: thereof.

“4. In-apparatus’for-rolling ‘sheet: metal-com-
~prising -a- set 0f  rolls,-electrically operated pres-
‘sure-adjusting means' for-adjusting - the pressure
‘between said rolls; and-gaugingmeans-producing
sglectrical ~eurrents ~6f-magnitude related o the
‘thickness-of sheet-metal emerging from the rolls,
‘the dmprovement which eomprrises firstphoto-
~€lectric:means connected to:-control theactugtion
-0f-said pressure-gdjusting-means -in-response-to
‘the-currents produced by said gauging-means-as
‘required-to'maintain-thickness-6f the rolled-sheet
substantially:within -a-‘preselected: toleranee, re~
-peating timer ‘means-connected to-said ‘pressure

adjusting means -and ‘disposed: to repeatedly’ in-
terrupt the energization of the pressure ad-
justing :-means -so--as ~to:minimize over-control

and hunting,-and -second photoelectric means-

responsive to currents produced by said gauging
means:of smagnitude:greater : than that: of ithe
first-named currents, for cutting out the effect
of said repeating “timer meahs:so-as‘to operate
said:pressure adjusting means continuously when-
rever thickness of the rolled sheet departs:sub-
istantially from within the preselected:tolerance.
:5. In apparatus for rolling.sheet metal .com-
sprising a:set.of rolls, electrically- operated::pres-

isure. adjusting means for adjusting the:pressure.

“between said rolls, and gauging means - producing
“electrical currents. .of ‘magnitude: related.to:the
“thickness of-sheet metal emerging from:the:rolls,
“the .improvement -which --eomprises -a =pair ~of

spaced photoelectric cells, a pair of mounts mov-
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:able foward and:;away; from each :other-on:-which
«sald .eells ;are rsupported, -means -for .adjusting
-the ssbacing .of said: moynts :and thus -of said
-bhotoeleetnic cells, ‘with-respeet:to:each-other  to
5 -a:distance:correspending-to o preselected sheet
thickness tolerance which it is desired-tomain-
-ta2in, za :light source, means for direching light
fromrthessouzcectio:one: or:the-other-of:said-cells
wtor epgrgize-the:same :whenever. thescurrent pro-
10 =duced by ssaid ;gauging Mmeans ~corresponds 1o
=sheet:thickness. outside a -preselected:tolerange,
-and relay:aeans;connected tossaid:photoelectric
seelmand.actuating said:pressure adiusting means
Jamresponse -tocenergization :of ' the :photoelectric
15 .cells asivequired - to, maintain - the  thickness -of
the rolled:sheetsmetal: substantially within:the

cpreselected-tolerance.
6.1 In:zapparatus. for: rolling :sheet-metal ~com-
brising,:a:seb:of rolls;electrically operated:pres-
20 -sureradjusting. means-for.adjusting. the -pressure
“between: said-rolls;;and:gauging means; produging
-electrical :currents of magnitude -related +to :the
:thiekness of sheet:metal .emerging-from the rolls,
-the improvement :which -comprises, : a pair .of

‘25 spaced:phofoelectric:cells, a: light. source,  means

-for:diréeting-an undefleeted: beam of: licht from
-the:source:along.anormal line, means for:deflect-
xing said-beam:to impinge:on afirst-of isaid-cells
swhenever:the current-produced: by Ssaid-gauging

-30 means. corresponds.to: sheet thickness-below she

~degired: tolerance andytorimpinge on :a:8econd -of
isaidzcells=whenever :said currentocoerresponds:to
:sheet r thickness -above s the - desired :tolerance, .:a,
-relay:connected:to e actuated by the first:photo-

85 -electric.celband connected to actuate the pressure

xadjustingimeans:to decrease the: rolling-pressure
wwhen :light {from the..source ~impingss -on : said
sfirst:cellzand a:second:relay:.connected o be.actu-
:ated: by the-second :photoelectric cell; and con-
40 shected:tos.actuate the pressure: adjusting mesns
storincrease:the rolling pressure.when: light-from
«thesoureeis:directed to.said second cell, repeating
-timer means: conneeted in the: output circuits-of
~said-:relay'for«repeatedly"mterruptingaebua-tion».by
45 vtherrelays-of:the pressure :adjusting: means-to
~minimize .over-eontrol :and hunting ;therect, -a
=second:pairgf photoeleetric.cells comprising thind
-and-fourth-eells spaced further:from:said normal
“Mne’thansare-said:firstiand :second cells,: respec-

50 tively, ~bosh:of :said pairs..of ~cells -being + 50, ‘dis~

posed with respect to said light soureenthatia -
-small xdefleetion: of-said light: source: from.:said
~normal lineactivates:only the-first .or:second egll
sofisaid fivst pair.ofcells and:a'larger deflection
55 ~thereofnactivates hoth«said -first. and. hird .cells,
-only,:or:said-seeond:and fourth cells,~only, .and
:acthird: relay:connected-to:be :actuated by:ssid
:fhird-and fourth-photoelectric:cells;and: co
itothe-repeating timer: meansi 1

-timersmeans is:cut.outwheneyver-the thickness
-of:the-rolled:sheet :departs: sufficiently; from. the
cpreselected -dolerance 150 {that :light - from -.said
65 <sourceis:direeted; to-impinge.on either said third
-or fourth :photoelectric.:eell, .and whereby -the
weffect: ofzsaid-repeating -timer: means is..cutidn
-again when:the thickness of:said rolled:sheet
~glosely: approaches said tolerance.
7.:Incapparatus.according to.claim:6;.a pair.of
-garriages :movable-toward - and away from: each
sother, ssaid:first:and third -photoelectric, cells
- heing:mounted-on-one:of said carriages ‘and:said
~-second :and :fourth photoelectric :cells :theing
76 mounted on the other of said carriages, and uni-

70
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¢ontrol means for simultaneously moving said
carriages toward and away from each other to
the same extent so as to adjust the spacing be-
tween said first and second cells, respectively,
and between said third and fourth cells, re-
spectively.

8. In a mill for rolling sheet metal which in-
cludes rolling pressure means and means for con-
tinuously determining the extent to which the

thickness of the sheet emerging from the rolls 1

varies from g desired standard thickness, the
improvement which comprises means for pro-
ducing, in response to variations in thickness of
the sheet, electrical current of intensity related
in magnitude to the magnitude of the variations,
means for controlling the adjustment of the
rolling pressure in accordance with variations
in intensity of said current, and means inde-
dependent of the adjustment of said rolling pres-
sure for repeatedly and continuously interrupt-
ing the control action of said current at a rate
independent of the operation of said rolls, there-
by to minimize overcontrol and hunting and to
maintain the thickness of the rolled sheet sub-
stantially uniform within preselected limits.

o. In a mill for rolling sheet metal which in-
cludes rolling pressure means and means for con-
tinuously determining the extent to which the
thickness of the sheet emerging from the rolls
varies from a desired standard thickness, the
improvement which comprises means for pro-
ducing, in response to variations in thickness of
the sheet, electrical currents of intensity related
in magnitude to the magnitude of the variations,
electric means for controlling the rolling pres-
sure, means for controlling the -adjustment of
said electric means in accordance with variations
in intensity of said current including electric
contacts connected to actuate and deactuate said
electric. means by repeatedly and continuously
interrupting the control action of said current
at a rate independent of said adjustment of the
rolling pressure and independent of the opera-
tion of said rolls, thereby to minimize overcon-
trol and hunting and to maintain the thickness
of the rolled sheet substantially uniformly with-
in preselected limits, and means operable inde-
pendently of the means which controls the ad-
justment of the rolls for adjusting the ratio of
open to closed periods of said contacts per inter-
ruption cycle.

10. Tn apparatus for rolling sheet metal com-
prising a set of rolls, electrically operated pres-
sure adjusting means for adjusting the pressure
between said rolls, an electrical power source for
operating said means, and gauging means pro-
ducing electrical currents of magnitude related
to the thickness of sheet metal emerging from
the rolls, the improvement which comprises, light
deflecting means operable in response to said
electrical currents, first and second photoelec-
tric means actuated in response: to light from
said light deflecting means, relay means, con-
nections between said first photoelectric means
and said relay means, and between said relay
means, said power source and said pressure ad-
justing means through which actuation of said
pressure adjusting means is controlled in re-
sponse to the currents produced by said gaug-
ing means as required to maintain thickness of
the rolled sheet substantially within a preselect-
ed tolerance, repeating timer means operated
independently of operation of said rolls and in-
cluding circuit-interrupting means connected be-
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tween said power source and said pressure ad-
justing means operable to repeatedly interrupt
the power to said pressure adjusting means so
as to minimize over-control and hunting there-
of, and switching means responsive to said sec-
ond photoelectric means connected to cut out
the circuit-interrupting effect of said circuit-
interrupting means so as to operate said pres-
sure adjusting means continuously whenever the
thickness of the rolled sheet departs substan-
tially from said preselected tolerance. .

11. In apparatus for rolling sheet metal com-
prising a set of rolls, electrically operated pres-
sure adjusting means for adjusting the pressure
between said rolls, gauging means producing elec-
trical current of magnitude related to the thick-
ness of sheet metal emerging from said rolls, a
relay having an output circuit connected to con-
trol the operation of said pressure adjusting
means, and means for actuating said relay in re-
sponse to-a predetermined magnitude of current
produced by said gauging means and in such
manner that the pressure adjusting means is op-
erated to change the rolling pressure as required
to maintain the thickness of the rolled sheet sub-
stantially uniform, the improvement which com-
prises means independent of said pressure ad-
justing means for repeatedly and continuously
mterrupting the output of said relay at a constant
rate which is independent of the pressure ad-
justment of the rolls, and means responsive. to
current of magnitude different from said prede-
termined magnitude, independent of the electri-
cally operated pressure adjusting means and in-
dependent of the operation of the rolls for an-
nulling the interruptions of the output of said
relay.

12. In a mill for rolling sheet metal which in-
cludes rolling pressure means and means for con-
tinuously determining the extent to which the
thickness of the sheet emerging from the rolls
varies frem a desired standard thickness, the im-
provement which comprises means for producing,
in response to variations in thickness of the sheet,
electrical current of intensity related in magni-
tude to the magnitude of the variations, means for
controlling the adjustment of the rolling pressure
in accordance with variations in intensity of said
current, and means independent of the adjust-
ment of said rolling pressure for repeatedly and
continuously interrupting the control action of
said current at a rate independent of the opera-
tion of said rolls, said rate being of the order of
one second or less per interruption cycle, thereby
to minimize overcontrol and hunting and to main-
tain the thickness of the rolled sheet substantial-
1y uniform within preselected limits.
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