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The invention relates to a control arrangement for level
rolling metal plates and sheets, and more particularly
to a control arrangement in which the rolling action pro-
duces a correct overall flow of the rolled material to pro-
vide a level surface and an even thickness of the plates
and sheets.

A correct flow control in rolling metal sheets is particu-
larly important in the final passes so as to prevent that
the rollers exert varying pressures either in the center or
along the edges because of the roller deflection due to the
rolling pressure. In a correct flow controlled rolling
operation the sheet “flows,” ie. is stretched or pressed
uniformly over its entire width.

It is in the nature of the product, namely the flat metal
sheet, that during rolling between flat rollers the sheet
has a tendency not to come out straight with respect to
the mill. The sheets are thus rolled by conducting them
centrally of the groove caused by the deflection of the
work rollers. The metal sheet has thus a greater thick-
ness at the center than at the edges. For this reason it is
necessary to apply smaller rolling pressures during the
final passes in order that the roller deflection becomes
smaller and to have a metal sheet which comes out of
the last pass with surfaces which are as much as possible
parallel to each other. Even in the final pass some de-
flection of the smooth rollers will occur so that even in
the case of hot rolled metal sheets there is always a great-
er thickness in the-center than along the edges, even if it
is only a few hundreds of a millimeter.

In the last series of passes it is therefore mecessary to
consider, aside from adjusting the amount of reduction to
be rolled, also the need for a lower pressure in order to
carry out the final pass with a predetermined rolling
pressure at which the roller deflection, considering a cer-
tain camber in the grinding of the rollers, would produce
only a very small guide groove. For this reason it has
been the practice for the operator to set the reduction
during the final series of passes with decreasing values
according to .a previously determined pass schedule, but
largely according to his own judgment in the expectation
that with this reduction the rolling pressure would also
drop. But this is not always the result, considering for
example the case where between two passes an extended
pause may occur during which the rolled material cools
down. Consequently the material would have a higher
specific deformation resistance so that in spite of a de-
creased reduction relative to the previous pass, the rolling
pressure predetermines the roller deflection and the for-
mation of the groove is the same or larger than in the
previous pass. Only experience and good judgment of
the operator can produce a good result with the operating
methods practiced hitherto.

A particular difficulty resides in the fact that the roll-
ing pressure should not drop linearly in a uniform man-
ner, but that it should drop relatively more during the
first passes of the last series of passes, and less during the
final pass because the rolling action takes place only in
that case with a correct flow control and without the for-
mation of folds. It is practically impossible for the opera-
tor to correctly observe the curve according to which the
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rolling pressure should drop merely by actuating the ad-
justing device, thus by reducing the passes.

Accordingly it is an object of the invention to make
the flow controlled rolling independerit of the experience
or judgment of the operator by means of a novel elec-
tronic control arrangement.

Control arrangements are already known in which dur-
ing the rolling operation the rolling pressure, the thickness
of the reciprocating metal sheet and the width of the
sheet are measured and are used as basis for the pass re-
duction in the subsequent passes, wherein the values are
derived during the rolling operation from sample sheets
and merely serve for the subsequent controlled rolling of
the sheets having the same dimensions and of the same
quality steel.  The meaning of the term “pass reduction”
as herein employed signifies the amount by which the
thickness of the rolled sheet is reduced with each pass,
as indicated in FIGURE 1 at Ak. But it is known that
in mills for rolling coarse stock varying end thicknesses
are often rolled from one sheet to the next. It is there-
fore another object of the invention to derive from the
measurement values of an existing guide pass the pass re-
duction for the subsequent pass of the same sheet accord-
ing to a predetermined rolling pressure schedule.

The control arrangement of the invention includes also
the continuously increasing deformation resistance of the
sheet during cooling so that in the calculated pass reduc-
tion also the cooling during operation stoppage between
two passes is taken into consideration.

Instead of ‘introducing the decreasing rolling pressure
according to a predetermined rolling pressure schedule,
the control arrangement of this invention proposes to de-
termine the rolling pressure by introducing the width of
the sheet according to a predetermined schedule of the
rolier deflections which decrease toward the last pass,
wherein the pass reductions are pre-calculated for the
passes which follow the guide pass, and whereby a check
is. made to see if the sum of the pass reductions corre-
sponds to the difference between the cross-sectional sheet
thickness s, measured in the guide pass and the desired
final thickness s, of the sheet.

In case of a deviation the pre-calculation is to be re-
peated with a different characteristic of roller deflection
or a different number of passes in the last series of
passes until the difference s,—s, corresponds to the sum
of the pass reductions.

The invention comprises also a method of operating
the novel control arrangement according to which the
precalculation of the last series of passes is repeated with
each pass of this series while decreasing the set number
of passes. ‘

The invention js described hereafter by way of ex-
amples, but without limitation thereto, in conjunction with
the accompanying drawings showing the control arrange-

sent in the form of block diagrams and in which:

FIG. 1 shows a rolling process and illustrates clearly
the significance of the symbols employed in the formulas
given in this description;

FIG. 2 shows a bleck diagram of a control arrange-
ment for determining the pass reduction of the passes
following a guide pass based on a predetermined rolling
pressure; and

FIG. 3 shows a block diagram of the same control
arrangement for calculating a pass series after the intro-
duction of the characteristics of the desired course of the
roller deflection.

The mathematical basis for the control arrangement
of the invention is the so-called Eckelund formula

P W=ld-b'KW
in which
la=~/0.5.Ah.d
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In this formula Py is the rolling pressure. The value
¢ is the so-called “pressed length” which may be seen
rom FIG. 1 and depends on the roller diameter d and
he reduction AL according to the formula given here.
Che sheet width b is also variable, even when the rolling
yperation is started with-the slabs having the same ‘dimen-
ions, because during the first passes not only longitudi-
1ally pressing passes are carried out, but after turning the
lab by 90° transversely pressing passes are also made,
o that the width is'not always the same at the beginning
»f the final pass series. The value Ky is the specific de-
ormation resistance of the work material and depends
m the thickness s of the work material, the rolling speed v
ind the work material temperature ¢. It is equal to the
um of the existing specific deformation resistances ¥g
‘influence of the outlet thickness s of the work material},

{, (influence of the work material speed v) and K; (in-

tuence of the rolled material temperature ¢). The course
f the values of the existing specific deformation resist-
mces as functions of s, v and ¢ is obtained from known
ralues. The values increase with the increase of the
olling speed and with the reduction of the outlet thick-
1ess s and temperature . We have thus:

Ky=Ks+K+Ki=f(s) +{(v)-+1(0)

From FIGURE 1 we obtain for a subsequent reverse
sass additionally
So—81=Ah

The control diagram illustrated in FIGURE 2 is de-
igned for the purpose of determining, at the beginning
»f the final pass series in which a decreasing rolling pres-
ure speed w is applied, the values Py, Al and b by meas-
irements and to derive therefrom the specific deforma-
ion resistance Ky of the particular sheet. Conversely
he reduction Ahj of the sheet for the subsequent pass is
:alculated from the probable Ky-value for the subsequent
rass and from the predetermined rolling pressure over
he pressed length I3, The width of the rolled material b
emains the same because in this instance no widening
rasses are carried out.

The operation of the control arrangement illustrated
s as follows:

The frame 1 of the reversible mill is provided with the
wessure gauge box 2 for measuring the rolling pressure
>.. Thickness measuring devices 3 and 4 are mounted
m both sides of the frame and in each case only the
neasuring device which lies behind the frame in the roll-
ng direction will feed its value into line 17. This is ob-
ained by alternately connectible contacts 5 and 6 in
ines 7 and 8. In the case illustrated, in which the sheet
s rolled from left to right, contact 6 is closed and con-
act 5 is opened, so that only the measured value of the
hickness gauge 4 is relayed as absolute value. In a
somparison device 9 the difference A, between the meas-
wrement values of the thickness gauge devices 3 and 4 is
»btained, which is introduced over line 9z and closed
sontact 9b into a calculator 12. A width gauge 10 which
s illustrated only schematically and which operates ap-
yropriately by a photoelectric scanning of the sheet edges,
nay be disposed on either side of the frame, and furnish
:ontinuously measurement values, as the sheet width does
10t change for several passes upon starting the control for
:arrying out the last pass series. After a speed increase
)f the rollers the rolling speed v is taken from the num-
ser of revolutions of the rollers and is calculated and
ndicated in device 11.

The effect of the control is the following: The derived
-eduction Ak, from comparison device ¢ enters calculator
{2 into which the roller diameter d is also fed from the
wdjusting device 13. In calculator 12 the pressed length
o is calculated according to the formula indicated above
ind fed to calculator 14.. The sheet width b from meas-
ring device 10 and the existing rolling pressure Py, from
sressure gauge box 2 are also fed to this calculator. The
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specific deformation resistance Ky of the just worked
sheet is calculated from these values according to the
formula indicated and is fed to a device 15. A function
element 16 is associated with calculator 15 and the outlet
strength s, from the thickness measuring device is intro-
duced into this element over line 17. It furnishes the
existing deformation resistance K depending on the sheet
outlet thickness s, according to the function f{s), which
is introduced into the device according to known values.
¥n the device 15 K, is deducted from Ky so that at rest the
two existing values K,+Kj; are obtained. This sum is
conducted further into the device 18 in which the existing
deformation resistance K, based on the rolling speed is
deducted. K, is furnished by the function device 19 into
which the rolling speed V, passes over line 20 and into
which the dependence value K,=jf(v) is fed.

From device 18 the rest value Ky goes into the func-
tion element 21 into which the dependence Ky=/(¢) is fed
so that the work material temperature ¢ is eliminated at
the outlet and may be read on the indicator 22. In this
respect the calculator system is employed also to deter-
mine the actual temperature of the work material.

From this point on all the calculations are directed to
determining through the ky-value which is correct and
changed for the subsequent pass and through a smaller
rolling pressure a new reduction Ah;. The ky-value
changes due to cooling of the metal sheet which depends
on the time ¢ between the two passes and the sheet thick-
ness s.

After a measurement value for temperature ¢ is avail-
able the same instruments may be emgployed for the
reverse calculation in a second calculating operation only
when the flow of the first calculating operation in the di-
rection described so far is interrupted., While the sheet is
still being worked this is obtained by actuating a solenoid
23 for the contacts 5, 6, 95, 24 and 32 in such a manner
that the lines 8 for the value s, 9b for Ah,, 25 for the value
P, and 32 for the value V are interrupted without closing
line 7 of gauge 3. But some values must be retained or
stored for the reverse calculation such as the sheet width
b in device 26, temperature ¢ in device 27 and the initial
thickness s in device 28. The measured temperature 7,
of the guide sheet is fed into calculator 29 which in refer-
ence to the time and the measured sg-value feeds a con-
tinuously decreasing temperature value #; into the cal-
culator 21, The time factor is introduced by a timing de-
vice 3§ into the calculator 29 while the value s, is intro-
duced through device 28. The value s, remains constant
until the beginning of the following pass, thus until a new
measurement value which must come from the gauge 3.

The continuously decreasing temperature wvalue fur-
nishes in device 21 a new higher Ki-value which is fed
into device 18 . For the following pass a greater rolling
speed V; is employed which is set at the adjusting device
21 and fed into the function device 19. This device
furnishes a new and increased K,-value which is proc-
essed in device 18 and forms at the outlet a new value
K,+K, fed to the calculator 15. Since in the first cal-
culating pass a new sheet thickness s is not yet available,
rather the original Ks-value is present, a Kyy-value is fed
from calculator 15 into device 14 which value is cor-
rected only in view of the decreasing temperature and the
increased rolling speed.

With the new value Ky, a new lq; value is calculated in
device 14 from the available sheet width b from device 26
and from the pre-selected decreased rolling pressure Py
from the adjusting device 33. The device 12 derives now
from the introduced value lg; a new reduction Ak;. How-
ever, this value cannot be correct yet because the existing
deformation resistance K has not been changed yet. In
order to obtain a provisional new outlet thickness s; for
the following pass Ah; is fed to a calculator 34 into which
through a line 35 also the outlet thickness s, retained by
device 28 is introduced by the running pass. The differ-
ence s,—Ak; is. formed in device 34 which provides the
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new approximate sheet thickness s; which is indicated in
device 34a. The value s; is fed into line 17 and furnishes
now over the function device 16 a new value K, which
is introduced into device 15 and after being added to the
constantly received values K,--K;, of which K, changes
constantly under the influence of the running time factor,
is added thereto and provides an improved value Kg;.
After repeating the caloulating processes in devices 14 and
12 an improved value Ah; is obtained and over device 34
an improved value s, which in turn causes a new calculat-
ing operation through device 16. To the extent that the
calculating operations are constantly repeated in circuits
17,16, 15, 14, 12 and 34 a correct reduction Ak, is derived
in a constantly approaching manner for the subsequent
pass. From the differential device 34 the reduction Ak
is fed to device 36 for the following pass. This value Ak,
which changes mainly due to the influence of ihe constant-
ly running time factor determines in device 3§ the num-
ber of the revolutions for the adjusting motor 37 which is
operated through switch 38. The value Ak; may change
under the influence of the running time factor until start-
ing the rolling of the work material in the reverse pass,
but thereafter is blocked in a manner not shown in detail.
The actual reduction Ak, is equal to the adjusting value
of the upper roller when working always with the same
rolling pressures since the reduction in the previous guide
pass is determined with the frame under load so that the
roller gap is eliminated. Due to the decreasing rolling
pressure which takes place during this. process a correc-
tion factor may be determined in the adjusting device 36
in a known manner not shown in detail. This correction
factor is comparatively the same as the decreasing roller
gap and corrects the reduction Ah; determined for the
following pass to a smaller adjustment than Ak, 'Accord-
ingly the difference between two rolling pressures
Pyo—Pyy from device 33 and the spring constant of the
frame would have to be introduced into the adjusting de-
vice 36.

In the case where the functions introduced into devices
16, 19, 21 and 29 are correct the rolling pressure which
was pre-sclected at 33 must be shown at the indicator
instrument 3%. ¥f this is not the case the reason for this
can be, aside from the exactness in collecting the measure-
ment values, only in that roller wear has occurred or that
the roughness of the rollers is changing. As only small
deviations are expected in this respect it is possible to ad-
just during the rolling operation the value for the roller
diameter set at 13 also while the work material passes
between the rollers in order to obtain the pre-selected
rolling pressure at 39. As the diameter of the rollers and
their surface conditions changed only slowly such correc-
tions will be necessary only from time to time. On the
basis of test values one could also consider a change of
the value in device 13 from pass to pass in very small
magnitudes automatically.

During the second pass and after carrying out any
necessary corrections at device 13 the solenroid 23 is so
actuated that switches 5, 95, 24 and 32 are closed while
Switch 6 remains open. In this manner the running pass
is again a guide pass for a subsequent third pass.

The operation described so far forms the basis for fur-
ther automation especially in view of the fact that the
relationship between the pre-selected, decreasing rolling
pressures and the consequently decreasing roller deflection
depend up to an extended parallel condition of the roller
jacket lines in the rolling gap on the sheet width. In this
respect it should be understood that with the same rolling
pressure the rollers will exhibit a greater defiection the
smaller the sheet width. In the case of a narrow sheet
width the rolling pressure acts more as a point load and
in the case of a greater sheet width more as a stretch or
area load. The goal should therefore be that after the
first guide pass the last desired rolling pressure is deter-
mined in reference to the sheet width » which varies from
sheet to sheet, under which pressure the roller deflection
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forms the smallest possible groove, thus rolling a finished
sheet with optimum tolerance throughout its width.

In reference to FIGURE 3 a control diagram is shown
which is necessary as a supplement to the diagram of
FIGURE 2 when after a guide pass it is desired to change
to a determination. of the reductions going backwards
from the last pass. The guide pass is still necessary in
order to retain the values of the sheet width, the tem-
perature and the rolling speed, because the temperature
and the rolling speed must be determined for the last pass
according to the novel process.

The ‘control arrangement of FIGURE 3 corresponds
to the devices of FIGURE 2 with regard to the calcu-
lating devices 12, 14, 15, 16, 18, 19 and 21. The start-
ing point for the calculations are the values of the roller
deflection Y which beginning -at the last pass with the
index “n” have the smallest value and which are set in
the example illustrated up to the fourth last pass by the
index “n—3” at the devices 40-43. Depending on
whether the guide pass goes to the right or to the left
the number n of the passes following the guide pass is
also set in the device 44 so that the work material is
rolled in the final pass to the exact point without requir-
ing an empty pass. In setting the number of passes n
in device 44 it is determined also how many of the
devices 40-43 are to furnish the values.

At the beginning the minimum roller deflection Y, is
fed from the device 46 into a function device 45 in which
the rolling pressure is calculated as function of the sheet
width b, the roller diameter d and the roller deflection
Y. The sheet width b is furnished by device 26 of the
arrangement of FIGURE 2. The rolling pressure cal-
culated for the last pass is fed into calculator 14 into
which the sheet width b is- also introduced. The pressed
length Iq which is initially set at random'is fed from the
adjusting device 60 into device 14.

In the device 14 a K-value is derived which is fed into
a differential device 47 where it is compared with a K&
value derived from devices 15, 16, 18, 12 and 21 in the
manner described above in order to determine the value
for the final pass n. The end temperature ty is set in
device 48 with a free selection and is fed into device 21
in order to determine the existing deformation resistance
K Also the rolling speed must be set according to the
number of passes by means of devices 49, 50, 51 and 52.
During the first calculating process the value Vaq is taken
from device 49 and the pertaining K,-value is calculated
in device 19. From the previously set desired value of
the sheet thickness s,, which comes into device 46 through
line 53 the Ky -value is calculated in device 16 and fed to
device 185.

In the case where the comparison of the Ky-values
in device 47 produces a difference which deviates from
zero an impulse is fed to the adjusting device .60 and
changes the pre-selected value /; taken there .at random
in a direction corresponding to the sign of the deviation
until through device 14 a Ky-value is fed into the com-
parison device which is equal to the value in the device
15, At the same time the value l; is fed into device
12 in which the reduction Ak, of the last pass is cal-
culated which is fed into the device 62.

As soon as in device 47 the difference which is equal
to zero is set, a pulse is fed through line 55 to the ad-
justing ‘device 41 for the ruler deflection Yn_1 of the
next to the last pass in order to feed now this value for
the following calculation to device 45. While this takes
place the value Y, from device 40 is cancelled. The
pulse in line 55 which initiates the determination of the
values for the next to the last pass is also fed to. the ad-
justing devices 49-52 in order to cancel the value from
49 and to feed the value from 50 together with Va1
into device 19. Furthermore adjusting devices 56, 57 and
58 are provided in front of device 21 in which the tem-
perature differences- are pre-set from pass to pass ‘and
in which during the second calculating process the tem-
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perature t,_, is taken from device 56. In order to con-
sider the sheet thickness during the determination of Kj
in the function device 16 the sum which represents the
next to the last sheet thickness sy_; is determined from
the desired thickness s, in device 46 and the already
determined reduction Ak, in device 1. This value is
fed to the device 16 during the second calculating process.

After determining the K-value a zero difference can-
not exist now in calculator 47 because the new rolling
pressure calculated which pertains to the next to the
last pass is still coupled in device 14 with the previous
lg-value. The difference which is obtained again from
device 47 is conducted again over line 59 to device 60 in
which the pressed length I; is adjusted until the value
fed into device 14 leads to.a Ky-value which corresponds
to the Ky-value from devices 15, 18 and 21. With the
adjustment of the value Iy in device €@ the device 14
furnishes to device 12 the I3-value which approaches
a border value and from which now the reduction Ahy,_y
of the next to the last pass is calculated and conducted to
device 64.

As soon as any values are obtained in devices 64 or
63 the previously adjusted fixed values for the imaginary
second to the last pass is taken off in a conventional
manner not described in detail by a feed back coupling
from devices 42, 57 and 51 with the index “n—2." A
new reduction Ahy,_, is finally obtained at 66 and in de-
vice 65 a new sheet thickness s, ;. In a corresponding
manner the reduction Ak, g is obtained after a fourth
calculating process in device 68 and in device 67 the
sheet thickness s,” is derived before the fourth last pass.

In the case of an assumed pass number n=4 the value
s,” would have to be equal to the outlet thickness s,
of the running guide pass when the course of the Y-values
which determine the rolling pressure has been correctly
set over the four imaginary passes. In order to control
this s,” is compared in device 69 with the s, value avail-
able from line 35. The difference is fed to a function
device 70 into which various functions of y depending
on the number of passes are fed, as the four lines in
FIGURE. 3 indicate. y,, which is the permissible de-
flection of the rollers in the last pass, must be constant
as starting point. Depending on whether the difference
§o—S, is positive or negative a function different from
the original function is set in the function device 70
by means of a signal from device 69. In the case where
the original function was set along line 71 and the dif-
ference s4—s,” is positive the calculated reductions are
too large ie. another function of y must be set which
represents smaller deflection values for example the
function along line 72. With these y-values the pre-
calculation is repeated and in certain cases repeated
several times until with a difference s,—s,’ is zero the
correct function of y is set. The resulting values for
the rolling pressures Py in device 45 represent then the
correctly decreasing rolling pressure for the adjusting de-
vice 33 shown in FIGURE 2.

Into the function device 70 only functions of y between
two border values may be introduced as each course of
y or Py must satisfy the requirement for a correct flow
adjusted rolling operation. In the case where a large
difference s,—s,” exists it is possible that from 69 no
flatter or no steeper course of y may be set over n, n—1,
n—2, n—3 at device 70. In that case the number of
passes must be changed.

For this purpose a connection 74 is provided from
the function device 76 to the adjusting device 44 for the
pass number n. Over this line the difference Sg—5, 1s
conducted to 44 in case it is too large in order to be
able to adjust at 70 another one of the introduced func-
tions of y. If for example at 70 the border value func-
tion according to line 73 is set and s,—s,” is still posi-
tive it is possible to reduce the sum of the reductions
Ah only by a reduction of the number of passes in order
to obtain a smaller s,". This is obtained through device
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44 by means of a signal from device 70 when this de-
vice can no longer process a pulse which it has received.

In device 44 the pass number is adjusted appropriately
by an even number, at least by 2, so as to avoid an
empty pass. In the assumed case the values at 42 and
43 and correspondingly at 57, 58 and at 51, 52 would
be cancelled. As the temperature of the guide pass is
available from device 27 in FIGURE 2 and since now
only a temperature drop over two succeeding passes
needs to be considered the values at 48 and 56 should
be corrected simultaneously.

A new calculation with only two remaining passes
will produce at 69 a negative difference s,—s," as at 79
the function according to line 73 is still set, and this
difference causes at 76 a larger value y,_ in that a func-
tion of y with a steeper characteristic is set until the
difference is equal to zero. The rolling pressures Py
derived at 35 are conducted into the adjusting device 33
shown in FIGURE 2.

The device 70 changes thus within permissible limits
ultimately the rolling pressure course within a predeter-
mined number of passes without deviating from the prin-
ciple of a correct flow adjusted rolling. Only when the
values conducted to device 70 are “out of range” for
this device they are conducted into device 44 in order
to change the pass number.

The values derived from the pre-calculation according
to FIGURE 3 may be used in various ways for further
rolling operations. First of all it is possible to store
from devices 62, 64, 66 and 68 the reductions in device
36 of FIGURE 2 and to employ them before each revers-
ing step of the rolling operation. But as indicated above
the values Py for the rolling pressure may be supplied
from device 45 and fed according to need to the adjusting
device 33 of FIGURE 2. In this case the rolling mill
is controlled, as stated at the start, over the Tolling pres-
sure course now determined with greater exactness, from
device 33 wherein each pass may be again the guide
pass for the following pass in order to control the tem-
perature continuously and so as to consider work
stoppages.

It should also be pointed out that in the control ar-
rangement according to predetermined rolling deflections
according to FIGURE 3 the sheet end thickness s, is
the basis for determining the existing deformation resist-
ance K at 16 for the final pass because the determining
initial thickness s,_; is still not available.

From the resulting value s,<sp._; which provides too
large a reduction Al an s, ; value is calculated at 61
from which an improved K, is obtained at 16 and over
the zero-comparison at 47 etc., a Ak, value which is again
improved is obtained which, in a continuing approxima-
tion finally provides the correct initial thickness sp_y for
the final pass. Only when the values at 62 or 61 have
adjusted the predetermined values with the index “n—1"
may be employed for the second calculating process.

The same applies to the prior passes because first the
initial sheet thickness must be available with as much
exactness as possible before a correct K¢ -value is avail-
able as basis for the calculation.

What is claimed is: ’

1. In a reversible rolling mill having at least one pair
of opposed rollers for reducing the thickness of a metal
sheet having a specific deformation resistance which
varies as a function of its temperature during a series
of passes including at least a pair of passes therethrough,
and means for varying the spacing of said rollers, the
improvement comprising: first means for generating a
first signal indicative of the reduction in thickness taking
place as said sheet is passing through said rollers during
the first of said pair of passes; second means for generat-
ing a second signal indicative of the width of said sheet;
third means for generating a third signal indicative of
the pressure being exerted by said rollers on said sheet
during said first of said pair of passes; fourth means for
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generating from said first, said second, and said third
signals, a fourth signal indicative of said specific deforma-
tion resistance of said sheet; fifth means for conducting
said first, said second, and said third signals to said. fourth
means; sixth- means for selectively preventing said fifth
means from conducting said first and saidthird signals
to said fourth means; said fourth means including means,
operable when said sixth means is preventing conduction
of said first and said third signals to said fourth means
for generating a fifth signal indicative of the continu-
ously changing specific deformation resistance of said
sheet; said fourth means forther including means for
generating from said fifth signal, a sixth signal indicative
of a reduced roll spacing corresponding to a desired
change in thickness of said plate during said second pass
of said at least one pair of passes which will produce a
predetermined desired pressure on said sheet in the sec-
ond pass of said at least one pair of passes; sixth means
responsive to said sixth signal for causing said means
for varying the spacing of said rollers to move said
rollers to said reduced spacing subsequent to said first
pass and prior to said second pass.

2. The improvement as defined in claim 1 wherein said
first means further includes means for generating a sev-
enth signal indicative of the thickness of said sheet re-
sulting from said first pass; and wherein said fourth means
further includes means for deriving an eighth signal in-
dicative of the outlet thickness of said sheet which will
result from said reduced spacing during second pass, and
means responsive to said seventh signal for modifying
said sixth signal to cause said sixth signal to more ac-
curately indicate the reduced roll spacing corresponding
to a. desired change in thickness of said plate during
said second pass of said at least one pair of passes which
will produce a predetermined desired pressure on said
sheet in the second pass of said at least one pair of passes.

3. The improvement as defined in claim 1 wherein said
means for generating said sixth signal generates a signal
which produces a reduced roll pressure during said sec-
ond pass of said at least one pair of passes.

4. The improvement as defined in claim 1 wherein said
fourth means further includes means for generating, from
the known permissible - deflection of said rollers during
the last pass of said series of passes, signals indicative
of the desired rolling pressures for each pass of said series
of passes.

5. The improvement as defined in claim 4 wherein said
fourth means further includes means responsive to said
signals indicative of the desired rolling pressures for said
series of passes for pre-calculating the required change
in roller spacing for each pass of said series of passes.

6. The improvement as defined in claim 5 wherein said
means for pre-calculating the required change in roller
spacing for each pass of said series of passes includes
means for causing said pre-calculation to be repeated
with each pass of the series of passes while decreasing
the number of passes in said series of passes.

7. The method of controlling screw settings in a re-
versible hot rolling mill for the flow adjusted level rolling
of plates and sheets comprising during a first operating
the steps of measuring during a guide pass the rolling
force, the inlet and outlet thickness, the speed and the
width of the work material, computing the parameters
measured to develop under the terms of a rolling formula
a first signal responsive to the partial specific deformation
resistance Ky of the guide work material, developing a
second signal resonsive to the partial specific deformation
resistance K in function of the actual thickness of the
work material, developing a third signal responsive to the
partial specific deformation resistance K, in function of
the actual speed of the work material, subtracting said
second and third signal from said first signal to establish
a fourth signal responsive to the remaining partial spe-~
cific deformation resistance K; being dependent on the
actual work material temperature, eliminating from- said
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fourth signal a fifth signal 7, responsive to the actual
temperature of the work material, and comprising during
a second operation the steps of switching off all measured
values, storing the fifth signal z, and the outlet thickness
value s,, developing a fictive . temperature #; as sixth
signal in function of the outlet thickness value s, and the
time lapse given by chronometer, developing a fictive
value responsive to the partial specific deformation re-
sistance- Ky as seventh signal, adding said second and
third signal to said seventh signal to produce -a fictive
value responsive to the specific deformation resistance
K1, pre-setting a rolling force value for the following
pass less than the value measured during the guide pass,
and computing said fictive, pre-set and stored parameters
to establish under the terms of said rolling formula and
output signal Ah; responsive to the pass reduction for the
following pass, each following pass serving as guide pass
for the next pass.

8. The method according to claim 7, in which during
the second operation a new pre-set speed value v, is intro-
duced to adapt said third signal to the conditions of the
following pass.

9. The method according to claim 7, in which during the
the second operation a fictive outlet thickness value St
of the material to be rolled in the following pass is de-
veloped from said outlet thickness value s, of the guide
pass and the determined pass reduction value Al for
steady correction of said first signal, resulting in a cor-
rected pass reduction value Ahy, this operation being
terminated by switching in all measured values with the
beginning of the following pass.

10. The method according to claim 7, in which the roll-
ing force to be pre-set during the second operation steps
is scheduled for pass-by-pass decreasing rolling force.

11. The method of controlling screw settings in a re-
versible hot folling mill for the flow adjusted level rolling
of plates and sheets comprising during a first operation
the steps of measuring during a guide pass the rolling
force, the inlet and outlet thickness, the speed and the
width of the work material, computing the parameters
measured to develop under the terms of a rolling formula
a first signal responsive to the specific deformation re-
sistance K, of the guide work material, eliminating a
second signal responsive to the partial specific deforma-
tion resistance Ky dependent on the actual work material
temperature, and comprising during a second operation
the steps of switching off all measured values, steadily
correcting said second signal K; in function of the time
lapse given by-a chronometer, reestablishing a fictive value
Ky of said first signal, pre-setting a rolling force value
for the following pass, and computing said fictive pre-
set values with stored measured wvalues to establish
under the terms of said rolling formula an output Ak,
Tesponsive to the pass reduction for the folowing pass,
each following pass serving as guide pass for the next pass.

12. The method according to claim 41, wherein dur-
ing the second operation steps. a rolling force schedule
is established in advance for a pre-set number of passes
of a last pass series, comprising the steps of pre-setting
for each pass a roll deflection value vy, Yn_1s Yn_2 Yn—3»
from which values the last y, corresponds to the permis-
sible and necessary roll deflection during the final pass
and the foregoing values are chosen in accordance with
the desired flow adjusted level of rolling operation, com-
puting each deflection value to establish a corresponding
rolling force schedule in function of said deflection values,
the measured width of the work material and the diameter
of the rolls, simulating the rolling operation backwards
from the final pass and the desired final thickness sy of
the work material by adding the sum of pass reduction
values computed for each fictive pass under the terms
of a rolling formula and said rolling force schedule to
said desired final thickness value sy, comparing this sum
5o’ with the measured outlet thickness value s, of the guide
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pass, repeating said simulating operation in the case a dif-
ference is obtained in said comparison.

13. The method according to claim 12, in that for each
pass of the simulated rolling operation a speed value and
a temperature value is preset and a fictive pass reduction
value Ahy, Ahy_i1, Ahy_y, Ahy o, Ahy_ 3 is computed to
zstablish a first signal responsive to the specific deforma-
tion K of the work material in function of the preset
speed and temperature values and the thickness values de-
veloped from the pass reduction values for each fictive
pass, said specific deformation values Ky being compared
with the corresponding values eliminated from the com-
puting operation under the terms of a rolling formula, the
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output of said comparison is made and held zero by vary-
ing a parameter 13 proportional to the computed pass re-
duction values.
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