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57) ABSTRACT 

Incoming and outgoing plate-thickness deviations for 
the same point of a sheet passing through a reduction 
rolling mill are determined for a plurality of rolling 
speeds so as to calculate the outgoing plate deviation 
component attributable to the inherent characteristics 
of the rolling mill upon deceleration and acceleration, 
such as changes in the oil film and in the coefficient of 
friction. The thus determined outgoing plate-thickness 
deviation component is stored as information core 
lated to the speed at which it was determined, so that 
it may be selectively retrieved to be applied as a cor 
rection factor in the screw-down of the rolls upon au 
tomatic operation at the corresponding speeds of sub 
sequent roll passes. 

9 Claims, 2 Drawing Figures 
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AUTOMATIC PLATE-THICKNESS CONTROL 
METHOD FOR ROLLING MILL 

BACKGROUND OF THE INVENTION 
In general, the generation of off-gauge at accelera- 5 

tion and deceleration in rolling mills have been a con 
siderable problem in the past, that has not been com 
pletely solved. Even with modern rolling mills, the 
cause of the decrease in the rate of on-gauge greatly de 
pends on the generation of the off-gauge at accelera- 10 
tion and deceleration. 
Automatic rolling has been accomplished by math 

matically evaluating or experimentally approximating 
the effects of bearing oil films, the coefficients of fric 
tion, and similar inherent rolling mill characteristics as 5 
a function of rolling mill speed, to obtain a functional 
approximation of the real values. With this informa 
tion, open-loop rolling reduction or correction control 
is obtained by a program and a function generator. 
With such methods, there are many factors attribut 

able to the correcting-function approximating proce 
dure, which are quite large in themselves. Accordingly, 
they do not always sufficiently absorb the generation of 
off-gauge at acceleration and deceleration in a rolling 25 
mill. Particularly in the case where a desired plate 
thickness of a product is quite thin, the generation of 
a plate-thickness deviation at acceleration or decelera 
tion is directly related to the decrease in the rate of on 
gauge, and is a very serious problem. 

SUMMARY OF THE INVENTION 

The present invention relates to an automatic plate 
thickness control method for a rolling mill, and the ap 
paratus for carrying out the method, which system con- 35 
trols the plate-thickness by regulating the rolling mill to 
on-gauge. The present invention has as an object to 
overcome the above mentioned problems, particularly 
with the provision of an automatic plate-thickness con 
trol system taking into consideration the influences 40 
upon the plate-thickness at the acceleration and decel 
eration of a rolling mill. 

Particularly, incoming plate-thickness deviation from 
a normal plate-thickness are measured along with out 
going plate-thickness deviations from a normal reduced 45 
plate-thickness for a particular point on sheet material 
as it passes through a rolling mill, which process is re 
peated for a plurality of speeds. There will be a first 
outgoing plate-thickness deviation corelated to the in 
coming plate-thickness deviation, which may be deter- 50 
mined according to a relationship including the known 
normal incoming and outgoing plate-thicknesses, and 
in addition the outgoing plate-thickness deviation will 
have a component attributable to the inherent charac 
teristics of the rolling mill corelated to the particular 55 
speed at which it was measured, which characteristics 
include changes in oil film thickness within bearings 
and coefficients of friction. Thus, the outgoing plate 
thickness deviation component attributable to the in 
herent characteristics of the rolling mill is determined 
and stored as information corelated to the particular 
speed at which it was measured. During subsequent 
passes or rolling, the stored information is retrieved 
that corresponds to the rolling mill speed at that time 
so as to be used in correcting the rolling mill gap in 
compensating for the inherent characteristics of the 
rolling mill at the speed. 
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BRIEF DESCRIPTION OF THE DRAWING 
Further objects, features and advantages of the pres 

ent invention will become more clear from the follow 
ing detailed description of the drawing, wherein: 
FIG. 1 is a diagram useful in explaining the present 

invention; and 
FIG. 2 is a schematic representation of a system for 

accomplishing the present invention. - 

DETAILED DESCRIPTION OF THE DRAWING 

Where plate products are obtained, for example, in 
a reversing rolling mill, the oil film, particularly in bear 
ings, and the various coefficients of friction, and the 
like inherent characteristics, of the rolling mill are fac 
tors influencing the plate-thickness, which factors 
change during acceleration and deceleration of the 
rolling mill. The system of the present invention accu 
rately determines the influences or effects of these fac 
tors upon the product. 
The diagram in FIG. 1 is useful for evaluating the de 

viations in the plate-thickness, particularly those devia 
tions attributable to the inherent characteristics of the 
rolling mill for acceleration or deceleration, particu 
larly those attributable to oil films and coefficients of 
friction. As seen, plate material, particularly sheet 
metal, will pass from left to right in FIG. 1 through the 
gap between the rolling mill rolls 1. The incoming and 
outgoing plate-thickness will be measured, respec 
tively, by the thickness meters 2 and 3, which are pref 
erably X-ray gauge meters. In this manner, an actual 
plate thickness H on the incoming side of the rolling 
mill is detected by the thickness meter 2 on the incom 
ing side. This actual plate thickness H is a combination 
of a plate-thickness deviation A H and the desired in 
coming plate-thickness H. Similarly, the thickness 
meter 3 on the outgoing side of the rolling mill will de 
termine the actual outgoing plate-thickness h, which 
will be a combination of the outgoing plate-thickness 
deviation Ah, and the desired outgoing plate-thickness 
h. 
For purposes of evaluation, let it be assumed that the 

roll opening S is set for the rolls 1 of the mill and the 
plate material to be rolled is such as to produce a nor 
mal steady state rolling speed; the roll opening S would 
thus be the gap between the rolls 1 that would produce 
the outgoing-side plate-thickness at the desired value h, 
when the incoming-side plate-thickness is at the value 
H. Thus for purposes of this evaluation, the roll open 
ing S will be that to produce the desired outgoing plate 
thickness hat a normal rolling speed. 
Consideration will be given now to the incoming-side 

plate-thickness H, which is not necessarily coincident 
with the desired or normal value H as measured in the 
lengthwise direction of the material to be rolled. With 
reference to FIG. 1, it will be seen that the plate 
thickness deviation AH as measured by the incoming 
side thickness meter 2 will produce a corresponding 
plate-thickness deviation Ah on the outgoing-side as 
measured by the plate-thickness meter 3. It is thus seen 
that: 
H = H+AH () 
h = h -- Ah (2) 

In the rolling, the incoming plate-thickness Ah will be 
reduced to the outgoing plate-thickness deviation Ah in 
the same proportion as the incoming normal plate 
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thickness H would be reduced to the outgoing normal 
plate-thickness h. Thus, if there were no automatic 
plate-thickness control system in operation, the follow 
ing relationship would hold true: 
Ah = h/H AH (3) 5 

While the above analysis has been with respect to a 
somewhat ideal situation at a single speed, acceleration 
and deceleration happens in the actual operation of a 
rolling mill. With such acceleration and deceleration, 10 
a deviation Ah' will be measured by the outgoing-side 
thickness meter 3 from the desired plate-thickness h, 
when there is no automatic plate-thickness control. 
This actual plate-thickness deviation with acceleration 
and deceleration is the particular concern of the pres- 15 
ent invention and may be expressed according to the 
following equation: 
Ah' = Ah -- AhD (4) 

In the above equation, Ah' would be the outgoing 20 
plate-thickness deviation for acceleration and deceler 
ation of an actual rolling mill, Ah would be the previ 
ously described outgoing plate-thickness deviation at 
tributable to the incoming plate-thickness deviation 
AH, and AhD would be the outgoing plate-thickness de- 25 
viation component attributable to the inherent charac 
teristics of the rolling mill, such as oil film thicknesses 
and coefficients of friction, which will change with a 
change in rolling speed. 

In the above mentioned equation 4, it is a particular 30 
feature of the present invention that the first term on 
the right hand side of the equation, that is, Ah 
corresponds to the outgoing-side thickness deviation 
component resulting from the incoming-side plate 
thickness deviation, and may be determined from equa 
tion 3. Thus by substituting the relationship of equation 
3 in equation 4 and transposing some terms, we obtain: 
AhD = Ah' - (h/H) AH (5) 

In equation 5, Ah' is the outgoing plate-thickness de- 40 
viation as detected by the outgoing-side thickness 
meter 3, AH is the plate-thickness deviation as detected 
by the incoming-side thickness meter 2, h is the known 
desired outgoing plate-thickness, and H is the known 
desired incoming plate-thickness. Hence, AhD may be 
determined from equation 5 by the above known and 
measured values. 
According to one form of the present invention, the 

automatic plate-thickness control system will not be 
operated for a first or optional pass of the plate through 
the rolling mill so that the thicknesses of a number of 
points along the plate may be monitored by the plate 
thickness meters 2,3 during the normal acceleration 
and deceleration, so that the plate-thickness deviation 
Ah D may be accurately determined for each rolling 
speed by the equation 5. With this information, the 
amount of correction ASD of the roll opening to make 
the necessary corrections in platethickness reduction 
as determined by the deviation AhD may be obtained 
for each rolling speed encountered during the first pass. 
This information is stored and retrieved during the next 
pass for subsequent rolling operation by an automatic 
plate-thickness control system according to the present 
invention put into operation after the above mentioned 
first pass, so that the roll opening will be controlled by 
the above mentioned correction ASD. Thus, the inher 
ent effects of the rolling mill that vary for different 
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4 
speeds may be compensated for by the present inven 
tion. 
Since outputs of detectors, such as the plate 

thickness meters 2, 3 vary according to many different 
disturbances if not otherwise processed, the present in 
vention employs statistical procedures or the like, for 
smoothing out these outputs. Particularly, a satisfac 
tory smoothing of the meter outputs is obtained, for ex 
ample, by taking in values at several different points 
during the first or optional pass or period to be com 
pared as corelated with the point speeds, and excess 
values and deficient values are corrected so as to obtain 
linearity. Thus smoothed take in signals are received in 
the storage device of the computer in correspondence 
with the take in speeds. 
A particular embodiment of the present invention 

will be described in detail with respect to FIG. 2, which 
discloses a reversing rolling mill by way of example, al 
though it is understood that the system of the present 
invention may be similarly applied for plate-thickness 
control with multiple sheets or multiple sheet portion 
in a tandem rolling mill. 
With respect to FIG. 2, the rolling mill rolls 1 are be 

tween the incoming and outgoing plate-thickness me 
ters 2, 3, respectively for acting upon the indefinite 
length plate material passed around tension rolls 4, 5 to 
be wound and unwound from winding and unwinding 
reels 6,7. The gap between the rolls 1 is determined by 
the reduction of screw down device 8 as powered by a 
screw down motor 9, and may be accurately measured 
or determined by the roll-opening detector 10, in a 
conventional manner. The rolling load is determined by 
the meter 11, which feeds its information to a plate 
thickness calculator 12, which calculator will deter 
mine the outgoing-side plate-thickness from inputs re 
ceived from the roll-opening detector 10 and the roll 
ing-load meter 11. A pilot generator or the like 13 may 
be used to determine the actual rolling speed of the 
rolls 1 as powered by the mill driving motor 14. 
The control circuitry of the present invention in 

cludes gate circuits 15, 16, 17, which are conventional 
in structure, an automatic plate-thickness or gauge 
control device 18, a manual or programmed automatic 
instructor or settor 19, a rolling condition computer 20, 
and a storage or memory device 21. 
According to the operation of the present invention, 

with reference to FIG. 2, the outgoing and incoming 
side plate-thicknesses are measured by the meters 3 
and 2, and the rolling speed is measured by the speed 
detector 13 for a plurality of sample points spaced in 
the lengthwise direction of the material to be rolled, or 
continuously for a predetermined period for a particu 
lar plate pass or pass portion during which the auto 
matic plate-thickness control system is not operated. 
With the above information an equation number 5, the 
plate-thickness deviation AhD due to the inherent char. 
acteristics of the rolling mill, for example oil films and 
coefficients of friction, may be calculated during accel 
eration and deceleration of the rolling. These devia 
tions are then pattern stored in the storage or memory 
device 21 in corelation with the rolling speeds at which 
the measurements were taken. Thereafter, in further 
rolling or during the next pass when the automatic 
plate-thickness control system is in operation, the in 
formation within the memory or storage device 21 will 
be retrieved according to rolling speed during the ac 
celeration and deceleration of the rolling, so that the 
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information may be processed and employed by the au 
tomatic plate-thickness control device 18 to compen 
sate for the inherent characteristics of the rolling mill. 
In this case, the automatic plate-thickness control de 
vice 18 will compute the amount of roll-opening cor 
rection that must be added to compensate for the AlD 
obtained from the system as abovel mentioned, so that 
the rolling reduction or screw down as determined by 
device 8 will be regulated in response to the computed 
amount of correction needed. 
More specifically, the operation of the present inven 

tive system will render the automatic plate-thickness 
control inoperative during the first pass of the plate ma 
terial through the rolling mill. This condition will be 
dictated or commanded by the computer 20 to turn off 
the automatic plate-thickness control device 18 before 
and during the rolling of the first pass. The predeter 
mined roll opening may be automatically or manually 
set by the settor or instructor 19 at one value for the en 
tire rolling of the first pass. During the rolling of the 
first pass, the computer 20 will periodically generate 
pulse signals for opening the gate circuits 15, 16, 17. 
These pulse signals T1, T2, and T3preferably are not 
simultaneously generated, but are produced with cer 
tain time differences so that the respective detectors 2, 
13, 3 may detect an identical point in the lengthwise di 
rection of the material to be rolled. That is, the point 
at which the thickness is detected by the meter 2 will 
reach the nip of the rolls 1 for speed detection by the 
device 13 and travel to the meter 3 for its detection so 
that the three characteristics may be measured for the 
same point, which operation is repeated for many dif 
ferent points. The pulse signal T1 will operate the gate 
15 to allow entry of the output of the meter 2 into the 
rolling condition computer 20 for the incoming-side 
thickness; after the above mentioned predetermined 
time sufficient for the point on the material to reach the 
nip of the rollers 1, the pulse signal T2 will operate the 
gate 16 to allow the speed signal output of the device 
13 to pass to the rolling condition computer 20; and 
after a period sufficient for the same point to reach the 
meter 3, the rolling condition computer 20 will pro 
duce pulse signal T3 to operate the gate 17 and permit 
the outgoing plate-thickness signal from meter 3 to pass 
into the rolling condition computer 20. 
With the above information, the computer 20 will 

calculate the previously discussed inherent characteris 
tic deviations AhD according to the equation 5 for each 
of the points with respect to which the measurements 
were taken, on the basis of the detected values. These 
calculated values of AhD will be stored in the storage 
or memory device 21 in correspondence with the re 
spective rolling speeds. Thus a plurality of actual out 
going plate-thickness deviations AhD with the speeds at 
which they were determined will be obtained and 
stored during the first pass of the material being rolled. 
When rolling of the second pass begins, the auto 

matic plate-thickness control 18 will be placed in oper 
ation by the rolling condition computer 20. Further, 
the computer 20 will read out the stored value of AhD, 
which was obtained according to the preceding para 
graph operation, for the rolling speed closest to the ac 
tual rolling speed being measured by the device 13 dur 
ing the acceleration or deceleration of the rolling, 
which read out value AhD is obtained from the devia 
tion stored along with their speeds in the memory de 
vice 21. Thereafter, the rolling condition computer 20 
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6 
will feed the thus retrieved value of plate-thickness 
component AhD to the automatic plate-thickness de 
vice 18, which automatic plate-thickness control de 
vice 18 will appropriately adjust the roll opening. The 
retrieved values of AhD may be changed into corre 
sponding values of ASD by the computer 20 or the au 
tomatic gauge control device 18; also, the values of 
ASD may be computed from the corresponding values 
of AhD during the first pass and stored in the memory 
device 21 so that upon retrieval they may be directly 
fed as values ASD to the screw down motor 9 and de 
vice 8 through the rolling condition computer 20 and 
automatic gauge control 18. The automatic plate 
thickness control device 18 will adjust the roll opening 
so that the additional deviation between (1) a deviation 
Ah2 between an output of the outgoing-side thickness 
calculator 12 and the desired value at the second pass, 
and (2) the deviation AhD fed from the computer 20 
may become zero. Thus, there will not appear a plate 
thickness deviation due to the inherent characteristics 
of the rolling mill, for example oil films, and the coeffi 
cients of friction caused by the acceleration or deceler 
ation of the rolling during the second pass. This control 
is similarly carried out at and after the third pass. In this 
way, every pass is adequately controlled so as to elimi 
nate the plate-thickness deviation caused by accelera 
tion and deceleration of the rolling due to the inherent 
characteristics of the rolling mill. 

In the foregoing analysis of the system according to 
the present invention, the acceleration and decelera 
tion disturbance values or plate-thickness deviations 
are separately calculated and received in a storage de 
vice, as determined by actual measured values, during 
the first pass. At and after the second pass, the corre 
sponding acceleration or deceleration disturbance or 
deviation values are retrieved from the storage device 
according to the rolling speed. The correction of the 
plate-thickness deviation which would be generated by 
the acceleration or deceleration, is thus carried out. 
While the above has been set forth as a specific pre 

ferred embodiment of the present invention, further 
systems are contemplated. For example, the accelera 
tion and deceleration disturbance values or plate 
thickness deviations may be preestimated, for example 
from actual results of manufactured articles as previ 
ously programmed into the storage or memory device. 
According to this second embodiment, during the first 
pass the corrections for the plate-thickness due to ac 
celeration and deceleration affecting the inherent char 
acteristics of the rolling mill will be made by using these 
preestimated values as retrieved from the storage de 
vice. During this first pass, the plate-thicknesses at 
identical points of the material being rolled on the out 
going and incoming-sides of the roll housing will be 
taken in along with the rolling speed, and the plate 
thickness deviations AhD will be determined for each 
speed. The excess or deficiency in the amount of con 
trol for the rolling mill will be calculated from compar 
ing the preestimated values and the values determined 
from the measured information; in this manner, the ac 
celeration and deceleration disturbance values pro 
grammed in the memory device 21 will be corrected 
during the first pass. At and after the second pass, the 
acceleration and deceleration disturbance or deviation 
values as corrected during the first pass will be re 
trieved from the memory device 21 so that off gauge 
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due to acceleration or deceleration may be reduced as 
compared with the first pass. 
As a further variation, with respect to the present in 

vention being applied to continuous rolling, the correc 
tion of the roll opening may be carried out as follows. 
The automatic plate-thickness control system may be 
turned off with respect to the passage of the first plate, 
a portion of the first plate, the first several plates, or 
any other predetermined time. During this time that the 
automatic plate-thickness control system is turned off, 
the rolling speeds and plate thicknesses on the outgoing 
and incoming sides of the rolling mill during the accel 
eration and deceleration will be measured for a plural 
ity of points. In the manner previously described, the 
values of AhD (plate-thickness deviations due to accel 
eration and deceleration) will be calculated, and these 
calculated values will be stored along with their rolling 
speeds in the memory device 21. During subsequent 
rolling when the automatic plate-thickness system is in 
operation, the values of AhD will be retrieved from the 
memory device 21 according to the rolling speeds for 
processing in the automatic plate-thickness control sys 
tem to eliminate the deviations inherent in the rolling 
mill due to acceleration and deceleration. 
The plate-thickness deviations AhD due to the accel 

eration and deceleration during rolling that are re 
ceived and stored have a satisfactory reproducibility, so 
that fine corrections of gains, etc., may be made with 
the advance of passes by a variety of variables such as 
set plate-thickness values, rolling loads, rolling ten 
sions, and rolling speeds. 
As described above according to the present inven 

tion, plate-thickness deviations AhD due to the changes 
in the oil films, the coefficients of friction, and the like 
inherent characteristics in the rolling mill due to accel 
eration and deceleration are precisely evaluated on the 
basis of detected values, and the control of the rolling 
mill is correspondingly accomplished so as to eliminate 
the plate-thickness deviations AhD. Hence, the prod 
ucts produced by the present invention will have an ex 
tremely high accuracy in plate-thickness. The present 
invention is remarkably effective particularly with re 
spect to the rolling of very thin plates, which heretofore 
has presented considerable problems with respect to 
accuracy. 
While a preferred system according to the present in 

vention has been shown and described in detail along 
with various modifications, further modifications, em 
bodiments and variations are contemplated within the 
spirit and scope of the present invention as defined by 
the following claims. 
We claim: 
1. A method of operating an automatic plate 

thickness control rolling mill system to compensate for 
inherent rolling mill effects that are variable with 
speed, comprising the steps of operating the rolling 
mill for the reduction of plate material for a first prede 
termined period of operation; measuring the plate 
thickness going into the rolling mill, measuring the 
plate-thickness leaving the rolling mill and measuring 
the rolling speed, during the first rolling period; com 
paring the measured incoming and outgoing plate 
thicknesses for the measured speed during the first roll 
ing period to determine the plate-thickness deviation 
due solely to the inherent characteristics of the rolling 
mill for the measured speed; and thereafter rolling for 
a second period and using the previously determined 
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8 
plate-thickness deviation during the second rolling pe 
riod to correct the rolling reduction. 

2. The method of claim 1, wherein the incoming and 
outgoing plate-thicknesses and rolling speed are mea 
sured for a single point on the material being rolled by 
successively taking the measurements. 

3. The method of claim 1, wherein a plurality of in 
coming and outgoing plate-thickness measurements are 
taken for a plurality of corresponding rolling speeds; 
correspondingly a plurality of plate-thickness deviation 
values due solely to the inherent characteristics of the 
rolling mill are determined from the measured plate 
thickness values for each of the plurality of speeds dur 
ing the first rolling period; and during the second pe 
riod of rolling the previously determined plate 
thickness deviation value for the speed closest to the 
actual speed is used for roll reduction correction. 

4. The method of claim 3, wherein said determined 
plate-thickness deviation values are stored during the 
first rolling period and retrieved as needed during the 
second rolling period. 

5. The method of claim 1, including automatically 
varying the roll reduction only during the second pe 
riod of rolling in response to incoming plate-thickness 
deviations from a normal incoming plate thickness in 
addition to varying the rolling reduction in accordance 
with the determined values of plate-thickness deviation 
due to the inherent characteristics of the rolling mill. 

6. The method of claim 1, wherein the step of com 
paring includes comparing the total outgoing plate 
thickness deviation Ah' with the incoming plate thick 
ness deviation AH, the normal outgoing plate-thickness 
h, and the normal incoming plate-thickness H to deter 
mine the outgoing plate-thickness deviation compo 
nent AhD that corresponds to the inherent characteris 
tics of the rolling mill separately from the outgoing 
plate thickness deviation component Ah that is caused 
by incoming plate-thickness deviation AH according to 
the relationship: 
AhD = Ah' - (h/H) : AH 
7. The method according to claim 6, including stor 

ing a plurality of the thus determined plate-thickness 
deviation components AhD due to the inherent charac 
teristics of the rolling mill according to the correspond 
ing speeds at which the measurements were taken dur 
ing the first rolling period; during the second rolling pe 
riod automatically measuring the incoming plate 
thickness deviation AH from normal incoming plate 
thickness H and correcting the rolling mill reduction to 
eliminate the outgoing plate-thickness deviation com 
ponent Ah from the normal outgoing plate-thickness h 
that would otherwise be caused by the incoming plate 
thickness deviation AH; and simultaneously addition 
ally automatically correcting the rolling mill reduction 
in response to the plate-thickness deviation value AhD 
retrieved from storage that corresponds closest to the 
actual rolling speed to reduce the plate-thickness devi 
ations caused by the inherent rolling mill characteris 
tics. 

8. A plate rolling mill, including: at least two opposed 
rolls forming therebetween a reduction gap; means for 
measuring the rolling speed; means for measuring the 
incoming plate-thickness; means for measuring the out 
going plate-thickness; means for adjusting the roll gap; 
an automatic plate-thickness control means for con 
trolling the roll gap adjusting means to eliminate outgo 
ing plate-thickness deviations caused by incoming 
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plate-thickness deviations; means to compare the in 
coming plate-thickness, the outgoing plate-thickness, 
the normal predetermined incoming plate-thickness, 
and the normal predetermined outgoing plate 
thickness to obtain an outgoing plate-thickness devia 
tion component corresponding only to the inherent ef 
fects of the rolling mill corelated to the rolling speed, 
including variations in oil film thickness and coeffi 
cients of friction according to speed, each for a plural 
ity of points along the plate being rolled; means for 
storing a plurality of the thus determined plate 
thickness deviation components due to the inherent 
rolling mill characteristics according to their rolling 
speeds; and means for retrieving the stored plate 
thickness deviation component that is corresponding in 
speed closest to the actual rolling speed, and for adjust 
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ing the rolling reduction gap in response to the re 
trieved plate-thickness deviation component. 

9. The plate rolling mill of claim 8, where said means 
to compare includes separate gate means in series with 
each of said incoming plate thickness measuring 
means, said rolling speed measuring means and said 
outgoing plate-thickness measuring means; and means 
for successively applying gate control signals to said 
gate means spaced in time corresponding to the time 
intervals that it would take a point on the plate being 
rolled to pass from said incoming plate thickness mea 
suring means to said rolling speed measuring means 
and said outgoing plate-thickness measuring means re 
spectively. 

k . . . . 2: 


