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[5 7] ABSTRACT 
>A system for controlling strip thickness in a rolling 
mill in which the rolling pressure applied to material is 
continuously measured or the strip thickness on the 
output side is continuously detected as a parameter of 
the outgoing thickness of the rolled strip and the result 
of measurement or detection of the parameter is used 
to obtain an autocorrelation. The power spectra for 
the entire region and a predetermined region covered 
by the autocorrelation are produced, so that the ratio 
of roll eccentricity component to the entire variation 
is obtained from the ratio between the two spectra. 
The roll eccentricity component is applied to a feed 
back loop of the control system in order to eliminate 
the effect of the roll eccentricity component on the 
automatic thickness control system. 

12 Claims, 6 Drawing Figures 
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THICKNESS CONTROL SYSTEM FOR A ROLLING 
MILL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a thickness control 

system for a rolling mill, or more in particular to a 
thickness control method aimed at removing the in?u 
ence of the roll eccentricity. 

2. DESCRIPTION OF THE PRIOR ART 
Recently, there has been an increased demand for 

the accuracy of thickness of strips, and as result'a 
gagemeter type automatic thickness control system 
based on the so-called BISRA-AGC (Automatic gage 
control developed by BISRA) has made a tremendous 
progress. 
This gagemeter type automatic thickness control 

system controls values such as a thickness command 
hd, no-load roll gap S, rolling pressure P, and mill mod 
ulus Km so as to satisfy the following equation: 

hd—( S+P/Km)=0 
Those values are essential for controlling thickness of 
strips in a rolling mill. 
However, the gagemeter type automatic thickness 

control system has suffered from disadvantages in that 
the presence of eccentricity in respective rolls leads to 
the failure to maintain the roll gap constant as well as to 

meet the objectives of the thickness control. In other 
words, with the gagemeter type control system, in case 
the rolling pressure is increased, it is so designed that 
no-load roll gap S be decreased on the assumption that 
the increase in the rolling pressure has been caused by 
the increase in thickness of a strip on the input side. 
However, in case the roll gap is decreased due to roll 
eccentricity, the rolling pressure will be increased, so 
that contrary to the need to increase the roll gap, the 
aforesaid control system will function so as to decrease 
the roll gap. Accordingly, it is an important problem 
imposed on the gagemeter type automatic thickness 
control system to remove or avoid the in?uence of roll 
eccentricity. 
Meanwhile, many attempts have so far been made to 

overcome this problem. However, most of these at 
tempts have failed to meet an intended success, be 
cause of too complicated construction or the failure to 
obtain desired accuracy, with the result of resorting to 
the skill of operators to solve this problem. For in 
stance, the simplest attempt among the above-referred 
attempts from the viewpoint of control is to modify the 
automatic gage control system such that means is pro 
vided to make periodically ineffective the feedback of 
the rolling pressure component by connecting, in the 
feedback loop of the control system, a filter which is 
adapted to allow the rolling pressure component to 
pass in synchronism with the roll eccentricity cycle fe. 
In this attempt, as well, the following disadvantages are 
encountered: 

I. Since the component of variation of the roll pres 
sure is excluded from the gage control system during 
the time depending on the roll eccentricity each cycle 
of the roll rotation, the component of thickness varia 
tion due to variation of the thickness at the input side of 
the mill is also excluded from the gage control system, 
resulting in incapability of controlling the component 
of thickness variation which must be principally con 
trolled. 
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2. The so-called resonance type filter adapted to tune 

with a roll eccentricity frequency fe has a given band 
width (sensitive zone width), thereby presenting short 
coming of passing signals whose frequencies are close 
to that of the signal intended to be passed there 
through. 
Another attempt is that the generating position of roll 

eccentricity and the frequency thereof are first as 
sumed, and then the thickness is controlled according 
to the aforesaid assumption. In other words, it is as 
sumed that the roll eccentricity arises at a backup roll, 
while the frequency of roll eccentricity be fe, and that 
a roll eccentricity frequency component which has 
been detected be roll eccentricity alone. In this case, 
the wave form is Fourier-analyzed to take out the roll 
eccentricity frequency component alone, thereby com 
pensating for the roll eccentricity component in the 
thickness control system. 
However, the disturbance in the roll system occurs in 

a work roll section, as well, presenting a complicated 
pattern, including its frequency component. For this 
reason, the desired accuracy can not be obtained 
merely by detecting and compensating for the eccen 
tricity component of a single roll according to the 
aforesaid system. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a system for thickness control in which the 
effect of the roll eccentricity component on the thick 
ness control system of gagemeter type is removed by 
accurately identifying the roll eccentricity component, 
thereby achieving a highly accurate thickness control 
of a rolling mill. . 

In order to achieve the above-mentioned object, 
according to the invention, a parameter relating to the 
thickness on the output side is continuously measured 
and the result of the measurement is used to detect 
external disturbance due to the roll eccentricity by 
statistical techniques based on the correlation, thus 
eliminating the external disturbance from the thickness 
control system. Speci?cally, the present invention is 
characterized in that the autocorrelation function R P of 
the thickness parameter on the output side is obtained, 
so that the roll eccentricity component is taken out of 
the all variation components by obtaining the power 
spectra 4),, and 4),,2 respectively from the entire region 
and a predetermined region associated with the auto 
correlation function R,,. The roll eccentricity compo 
nent thus taken out is applied as a command to the 
automatic thickness control. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram showing a typical auto 
matic thickness control system of gagemeter type ac 
cording to the present invention. 
FIG. 2 shows a block diagram of a circuit for detect 

ing the roll eccentricity by the method of thickness 
control according to the invention. 
FIG. 3 is a diagram showing an example of the auto 

correlation function of rolling pressure. 
FIG. 4 is a block diagram showing a ?ow chart for 

calculating the phase relation of the roll eccentricity 
against the rotation of the reinforcing roll on the basis 
of rolling pressure. 
FIG. 5 is a block diagram showing an automatic 

thickness control system of gagemeter type according 
to an embodiment of the invention. 
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FIG. 6 is a block diagram showing a ?ow chart for 
calculating the phase relation of the roll eccentricity on 
the basis of thickness variation on the output side. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, there is shown a diagram of 
a gagemeter type automatic thickness control system. 
As shown in this figure, a rolling mill consists of a work 
roll 2 adapted to directly roll a strip 1, and a backup 
roll 3 externally supporting the work roll 2. The roll 
screw-down operation of the rolling mill is accom 
plished by means of a hydraulic jack provided at the 
ends of the lefthand and righthand rolls. The hydraulic 
jack consists of a hydraulic cylinder 5 and a ram 6 and 
is so designed as to adjust the roll gap by adjusting the 
amount of oil within the hydraulic jack with the aid of 
a servo-valve 4. For the thickness control at the time of 
rolling, the displacement S of the ram 6 is measured by 
means of a displacement meter 7, and then a measure 
ment thus obtained is negatively fed back to be com 
pared with the thickness command hd. On the other 
hand, rolling pressure P is measured by a pressure gage 
8, and then the measurement value is divided by a mill 
constant Km at a coefficient multiplier 9 and then the 
value thus obtained is applied to the summing point 10 
to be negatively fed back to the thickness command hd. 
Thus, the aforesaid respective values are controlled so 
as to meet the relationship, hd — (S + P/Km) =- 0, 
thereby maintaining the thickness of the rolled strip 
constant. 
The fact that the roll eccentricity exerts the impor 

tant in?uence on the gagemeter type thickness control 
system has been referred to under the heading of“THE 
DESCRIPTION OF THE PRIOR ART". According to 
the present invention, a statistical technique is used to 
find roll eccentricity, thereby removing this factor from 
the thickness control system. Now, the fundamental 
principle of the present invention will be described 
below. 

It is known that the thickness variation of the output 
side is generally attributable to the thickness variation 
on the input side and roll eccentricity. The thickness 
variation on the input side is an irregular one in most 
cases given by statistically random signal whereas the 
roll eccentricity is subjected to periodical variation. In 
order to take out the roll eccentricity component, 
therefore, it is necessary to separate regular compo 
nents from irregular components by statistical data 
processing. 
According to the invention, the rolling pressure 

which is closely related to the thickness variation on 
the output side and easily measured is continuously 
detected and the autocorrelation function RF (1') of the 
result P(t) of detection is obtained. Such an autocorre 
lation function RF is defined as 

where r is a delay time. As shown in FIG. 3, this auto 
correlation function Rp('r) varies with the delay time 1'. 
Where the delay time 1- is close to zero, that is O 5 1' 
; 7R1 or 0 g 17 § 7R2 in the drawing, for example, 
the correlation function RP indicates the irregularity of 
the rolling pressure generally corresponding to the 
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4 
irregular components of the thickness variation on the 
input side. As a result, the frequency component based 
on the roll eccentricity presents itself in a large delay 
time, thus making it necessary to eliminate the portions 
represented by 0 § 'r é 7R1 or 0 § 1 § TR2.. In 
other words, on the basis of the correlation function 
Rpe in the new range 1'0 g 1' g 1', having an origin at 
the delay time 1' (1-,, in FIG. 3) corresponding to an 
appropriate point beyond the first 0 point or second 0 
point on the-correlation curve, a power spectrum 4)“, 
defined by the following equation is obtained: 

On the other hand, the correlation function RP is 
obtained for the range of delay time 0 § 1' 2 'r, with 
out any special process and then the power spectrum 
(15,, is obtained by using the correlation function RP such 
obtained in place of Rpe in the above formula. Thus, the 
ratio of power spectrum 

3 

indicates the ratio of the pure roll eccentricity power to 
the entire power at roll eccentricity cyclefe. According 
to the present invention, only the roll eccentricity com 
ponent separated on the above-mentioned theory is 
produced as an output from the automatic thickness 
control system of gagemeter type thereby to eliminate 
the in?uence thereof. 
This is, however, not more than a successful con 

struction of automatic thickness control system without 
any in?uence of the roll eccentricity but the effect of 
the roll eccentricity continues to be present in the 
thickness variation on the output side. If the thickness 
is to be controlled at a constant level, therefore, it is 
necessary to eliminate the roll eccentricity more posi 
tively. The phase relation of the roll eccentricity as 
against a signal synchronous with the rotation of a roll, 
especially the reinforcing roll which is most influential 
to the roll eccentricity is obtained, and then according 
to such a phase relation, instructions are given to the 
automatic control system to offset the roll eccentricity. 
What is important for the phase relation of roll eccen 
tricity are the gain I e | of the roll eccentricity compo 
nent and the phase angle < e. These two factors may 
be obtained either directly from the rolling pressure or 
from the thickness variation on the output side. Thus, 
by obtaining the gain and phase angle, it is possible to 
apply an input to the control system in such a manner 
as to offset the in?uence thereof. In this case, however, 
to know the transfer function between the input and 
the response by the roll section in advance is a 
prerequisite, which may be accurately met by a fre 
quency response method for the hydraulic reduction 
control system. 
An actual construction of the invention will be de 

scribed below with reference to the accompanying 
drawings. 

Referring to FIG. 2 showing a block diagram for 
calculating a component corresponding to the roll ec 
centricity from the rolling pressure detector circuit, the 
rolling mill used is the same as that shown in FIG. 1. 
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First, the rolling pressure is detected bya rolling pres 
sure gage 8, and the detection signal P(t) is produced in 
the form of P(t —- 1') through a delay circuit 12. 
Further, P(t) is multiplied by P(t — 1') at a multiplier 

circuit 13, the output of which is applied to an averag 
ing circuit 14 whereby the autocorrelation function of 
the rolling pressure R,D is obtained. This autocorrela~ 
tion function RP is divided into two. One of the results 
of the division is applied to a phase shifter 15 having 
the range T,, § 7' 5 TS, the output of which is multi 
plied by e“]_2 11“ ‘r in the multiplier circuit 16 and 
averaged by the averaging circuit 17 thereby to obtain 
a power spectrum ¢Pe corresponding to the roll eccen 
tricity. 
The other output of the correlation function RP is 

multipled by e“2 11'” r in the multiplier circuit 18 for 
the range 0 § 7‘ § 7' 1 without any special process, and 
the result of the multiplication is integrated by the 
averaging circuit 19, thereby producing the total power 
4),. of the rolling pressure at the eccentricity frequency 
fe. Also, ¢pe and ¢>p are applied to the divider circuit 20 
thereby to obtain B = (pm/4",. 
Reference is made to FIG. 4 showing a block diagram 

for calculating the gain |e| of roll eccentricity and 
phase angle < e for a signal synchronous with the 
rotation of the reinforcing roll 3. In the figure, the 
rolling pressure is detected by the rolling pressure gage 
8, the output of which is applied to a rolling pressure 
measuring circuit 22. The output of the circuit 22 is 
applied to a filter 23 synchronized with the roll eccen 
tricity frequencyfe and having such a weight as to pass 
the roll eccentricity component alone, whereby the 
output of the circuit 22 is compared with the output 
signal from a reference signal generator 21. The result 
of comparison as well as the relation between the roll 
ing pressure and roll eccentricity is used to calculate 
the gain |e| and phase angle < e by the eccentricity 
calculating circuit 24. In view of the fact that the trans 
fer function between input and roll displacement in the 
servo-system of the gagemeter type can be known in 
advance by the frequency response method, the gain 
|e'| of the roll eccentricity compensating command e’ 
and the phase angle < e are obtained by the circuit 
25. 
The block diagram of FIG. 5 shows an example of the 

construction of the automatic thickness control system 
of gagemeter type making use of the power spectrum 
ratio B and the roll eccentricity compensating com 
mand e' derived from the foregoing calculation pro 
cesses. In the figure, the symbol hd shows a roll gap 
command, and an electrical signal representing the roll 
gap command hd is amplified by the ampli?er 30, so 
that the output current of the ampli?er 30 is used to 
energize the servo-valve 4, thereby determining the roll 
gap S at the time of no-load through the block of the 
pipe 32. 
The symbol 2, on the other hand, shows the amount 

of roll eccentricity, h2 the thickness on the output side, 
and hl the thickness on input side. The difference be 
tween hl and h2 causes a rolling pressure as shown in 
the block 33, and the roll gap is increased by the 
amount obtained by dividing the difference by the mill 
constant Km. Reference numeral 9 shows a block rep 
resenting the reciprocal of the mill constant. A rolling 
pressure feedback loop 38 is formed for the purpose of 
dampening the variation in roll gap due to such a roll 
ing load. The block 35 shows a section for regulating 
the mill constant a, which is unity at infinite rigidity (in 
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6 
thecase of ordinary BISRA-AGC) and zero at natural 
state’, its normal value employed being close to 1. The 
output of the block 35 is separated into a couple of 
loops including the lines 39 and 40. The signal on the 
line 40 is applied through a narrow band filter 36, 
which has no loss nor phase delay only at the roll-ec 
centricity frequency, through the eccentricity regulat 
ing section 37 with the coefficient of ,B, and then com 
bined with the signal from the line39 so that the output 
41 of the regulator section 37 is subtracted from the 
line 39 and the result of subtraction is fed back to the 
input terminal 42. In this way, only the portion corre 
sponding to ‘the roll eccentricity is eliminated, with the 
result that the thickness component on the input side 
alone is fed back, thus making up an normal automatic 
thickness control system of gagemeter type; 

Further, according to the invention, since the phase 
relation of pure roll eccentricity e is given from FIG. 4, 
the application to the input terminal 42 the phase rela 
tion e’ for offsetting it permits the roll eccentricity to be 
completely eliminated, thus‘ making it possible to regu 
late the thickness on the output side exactly at a fixed 
level. 
By the way, the roll eccentricity 2 obtained from the 

block diagram of FIG. 4 is obtained through the calcu 
lation processes by measuring the strip thickness on the 
output side as shown in FIG. 6. The thickness of the 
strip rolled on the output side is continuously detected 
by the X-ray thickness gages 26 and 27 and produced 
from a thickness measuring circuit 22. This signal is 
compared with the signal 21 synchronous with roll 
rotation at the filter 23, and the result of comparison is 
applied to the eccentricity calculation circuit 24 
thereby to obtain the gain [2 ’| of roll eccentricity and 
the phase angle < e. The phase relation of roll eccen 
tricity is applied to an input calculation circuit 25 
whereby the offset signal 2' is obtained. 

In spite of the above-described embodiments wherein 
the roll eccentricity component is obtained by continu 
ously'measuring the rolling pressure, it will be easily 
understood that the fundamental principle of the inven 
tion permits the roll eccentricity to be calculated also 
on the basis of autocorrelation of the thickness on the 
output side by measuring the same. ' 
The foregoing construction ofthe thickness control 

according to the inventionmakes it possible to separate 
the pure roll eccentricity alone, resulting in a highly 
accurate thickness control whereby roll eccentricity 
component is capable of being completely eliminated 
from the automatic thickness control system of gagem 
eter type in common use. 

In addition, according to the invention, a roll eccen 
tricity compensation command enables a rolling opera 
tion while at the same time compensating for any roll 
eccentricity. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding de 
scription, are efficiently attained, and since certain 
changes may be made in the above construction with 
out departing from the spirit and scope of the inven 
tion, it is intended that all matter contained in the 
above description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in a 
limiting sense. 
We claim: 
'1. In a strip thickness control system of the gageme 

ter type comprising a plurality of rolls, a hydraulic jack 
for giving rolling power to said rolls, a flow rate control 
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valve for adjusting the roll gap by controlling the 
amount of oil in said hydraulic jack. a valve control 
device, means for giving a command associated with a 
desired thickness to said control device and a position 
detector for detecting the roll gap, the output of said 
position detector being fed back to said valve control 
device; a method of controlling the strip thickness for 
the rolling mill comprising steps of continuously detect 
ing a value of at least one parameter relating to the 
outgoing thickness of a strip rolled by said rolls, pro 
ducing an autocorrelation function R of the detected 
value of said parameter, producing a power spectra for 
the whole region and a power spectra for a predeter~ 
mined part of the region covered by said autocorrela 
tion function, determining a roll eccentricity power 
from the ratio between said power spectra for the pre 
determined part of the region and said power spectra 
for the whole region, and applying said roll eccentricity 
power to the strip thickness control system so as to 
compensate for the variation of the outgoing thickness 
of the strip due to the roll eccentricity. 

2. A method for controlling strip thickness according 
to claim 1, in which the rolling pressure is continuously 
detected as a parameter relating to the outgoing strip 
thickness. 

3. A method for controlling strip thickness according 
to claim 1, in which the power spectra over the whole 
region of the entire frequency variation corresponding 
to roll eccentricity is calculated by the use of the whole 
positive region of a delay time, whereas the power 
spectra for the predetermined part of the region is 
calculated by the use of regions excepting those regions 
close to the delay time of zero. 

4. A method for controlling strip thickness according 
to claim 1, further comprising inserting a narrow band 
filter in said feedback loop of said thickness control 
system for passing only those components close to the 
roll eccentricity frequency in synchronism with said 
roll eccentricity frequency and the output of said filter 
is rendered proportional to the ratio of power spectra 
of the predetermined part of the region to power spec 
tra of the whole region. 

5. A method for controlling strip thickness according 
to claim 1, further comprising determining the gain and 
phase angle of the roll eccentricity component in syn 
chronism with the rotation of said rolls by detecting at 
least one of the strip thickness on the output side and 
the rolling pressure, and applying a roll eccentricity 
compensating command based on said gain and said 
phase angle to said automatic thickness control system. 

6. A method for controlling strip thickness according 
to claim 2, in which the power spectra over the whole 
region of the entire frequency variation corresponding 
to roll eccentricity is calculated by the use of the whole 
positive region of a delay time, whereas the power 
spectra for the predetermined part of the region is 
calculated by the use of regions excepting those regions 
close to the delay time of zero. 

7. A method for controlling strip thickness according 
to claim 2, further comprising inserting a narrow band 
filter in said feedback loop of said thickness control 
system for passing only those components close to the 
roll eccentricity frequency in synchronism with said 
roll eccentricity frequency and the output of said filter 
is rendered proportional to the ratio of power spectra 
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of the predetermined part of the region to power spec 
tra of the whole region. 

8. A method for controlling strip thickness according 
to claim 2, further comprising determining the gain and 
phase angle of the roll eccentricity component in syn 
chronism with the rotation of said rolls by detecting at 
least one of the strip thickness on the output side and 
the rolling pressure, and applying a roll eccentricity 
compensating command based on said gain and said 
phase angle to said automatic thickness control system. 

9. A method for controlling strip thickness according 
to claim 1, in which the outgoing thickness of the rolled 
strip is continuously detected as a parameter relating to 
the outgoing strip thickness. 

10. In a strip thickness control system of the gageme 
ter type comprising a plurality of rolls, a hydraulic jack 
for giving rolling power to said rolls, a flow rate control 
valve for adjusting the roll gap by controlling the 
amount of ?uid in said hydraulic jack, a valve control 
device, means for giving a command associated with a 
desired thickness to said control device and a position 
detector for detecting the roll gap, the output of said 
position detector being fed back to said valve control 
device, the improvement comprising means for gener 
ating a roll eccentricity signal and for applying said roll 
eccentricity signal to the strip thickness control system 
so as to compensate for the variation of the outgoing 
thickness of the strip due to the roll eccentricity, said 
roll eccentricity signal generating means including 
means for continuously detecting a value of at least one 
parameter relating to the outgoing thickness of a strip 
rolled by said rolls, means for producing an autocorre 
lation function R of the detected value of said parame 
ter, means for producing a power spectra for the whole 
region and a power spectra for a predetermined part of 
the region covered by said autocorrelation function, 
means for determining a roll eccentricity power signal 
from the ratio between the power spectra for the prede 
termined part of the region and the power spectra for 
the whole region, and means for applying the roll ec 
centricity power signal to the strip thickness control 
system. 

11. A strip thickness control system according to 
claim 10, wherein said means for continuously detect 
ing a value of at least one parameter relating to the 
outgoing strip thickness includes means for continu 
ously detecting the rolling pressure and providing an 
output signal indicative thereof, and further comprising 
means for providing an output signal indicative of the 
rotation of said rolls and determining means responsive 
to the roll pressure signal and the rotation signal for 
determining the gain and phase angle of the roll eccen 
tricity component in synchronism with the rotation of 
the rolls. 

12. A strip thickness control system according to 
claim 10, wherein the means for continuously detecting 
a value of at least one parameter relating to the outgo 
ing strip thickness includes means for continuously 
detecting the outgoing strip thickness and providing an 
output signal indicative thereof, and further comprising 
means for providing a signal indicative of the rotation 
of said rolls, and determining means responsive to the 
outgoing strip thickness signal and the roll rotation 
signal for determining the gain and phase angle of the 
roll eccentricity component in synchronism with the 
rotation of the rolls. 

* * * >l< * 


