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ABSTRACT: An apparatus for controlling the shape of rolled 
product characterized in that an image re?ected from the sur 
face of the rolled product is detected, that the pressure work 
ing on the central and edge portions of the rolling machine is 
regulated in accordance with the degree of displacement of 
the image, and that the shape of the rolled product in the 
process of being rolled is automatically kept uniform. 
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APPARATUS FOR CONTROLLING THE SHAPE OF 
ROLLED PRODUCT 

DETAILED EXPLANATION OF THE INVENTION 

This invention relates to an automatic apparatus for main 
taining the shape of a rolled product always uniform. 

Roll crown is one of the most important factors in the 
rolling machine which in?uence the shape in transversal 
direction of iron strip, etc. The roll crown is determined ac 
cording to the operation condition and given to the roll at the 
polishing thereof. Though minute control of crown in the 
course of operation has been recently enabled by a so-called 
“crown control” system in which control of crown is realized 
by means, for example, of an oil cylinder incorporated in the 
roll chock, said control has usually been carried out based on 
the judgment of an experienced operator on the shape of 
strips, and therefore it is not always possible to obtain op 
timum control in the shape of rolled product. 
The purpose of this invention is to provide an apparatus 

capable of automatically controlling the shape of rolled 
.product always at the optimum state. 

The purpose of this invention can be realized by projecting 
a band-shaped image onto the rolled product in the‘transversal 
direction thereof, and detecting the position and form ‘of the 
image by means, for example, of TV camera'or photoelectric 
element. Then in accordance with the deviation of position in 
the central and edge parts of the detected image with respect 
to the predetermined position, the oil pressure devices are ac 
tuated to regulate the pressure of the rolls in the central and 
edge parts thereof ‘ so as to increase and decrease crown 

respectively. . 

This invention will be further clari?ed by an'example, with 
particular reference to the attached drawing. 

FIGS. la, lb and 1c show the straight and distorted re?ec 
tions of images of a linear object, such as a band-shaped light, 
as re?ected from the surface of the rolled product and viewed 
from a point where the re?ections appear to lie in transversal 
direction thereof; 

FIG. 2 is a block diagram representing an embodiment of 
the shape-controlling apparatus according to this invention; 

FIG. 3 is a block diagram representing another embodi 
ment; ' 

FIG. 4 is a block diagram representing still another embodi 
ment; and 

FIG. 5 shows an example of detector employed for detect 
ing the shape. 
As shown in FIG. 2, a linear object, exemplified as a light 

source 12 connected with the power source 11 is provided in 
the transversal direction of the strip rolled on the rolling 
machine, and the light from said light source is projected onto 
said strip thereby obtaining a linear band-shaped light image 
13 (or the re?ected image of another linear object) extending 
across the entire width of said strip. 
When the shape of the rolled strip is uniform in the transver 

sal direction, the re?ected image'is linear as shown in FIG. Ia. 
On the other hand if the central part of the strip is excessively 
rolled, the image formed on said strip shows an irregular curve 
at the central part of said strip as shown in FIG. lb. The case 
of FIG. 1c in which the irregularity is shown in the end por 
tions of the image is encountered when the plate is subjected 
to excessive rolling in the edge portions thereof. 
The image 13 formed on the rolled strip 10 is viewed by a 

TV-camera 14 using vidicon tube, etc. and projected on the 
image monitor 15. At the same time the output of TV-camera 
14 is supplied to the control unit 16, which is composed of 
reforming circuits la, 2a and 3a in which the image signal 
resulting from said TV-carnera is reformed, sampling circuits 
lb, 2b and 3b which picks up standard position signal form the 
output of said reforming circuits in a manner as explained in 
the following, and comparing circuits 1c, 2c and 30 by which 
the output of sampling circuits is compared with the standard 
value. Thus the sampling circuits 1b, 2b and 3b collect the data 
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along the dotted lines 1, 2 and 3 on the strip when this is pro 
jected on the monitor 15. Now, when the projected image is 
formed linearly and located at the predetermined position, the 
sampling circuits 1b, 2b and 3b generate the image signals 
periodically at the frequency of sampling. On the other hand, 
if the position of the image at the central part thereof is dis 
placed from the predetermined position as shown in FIG. 1b, 
the sampling circuit 2b does not generate the image signal due 
to the absence of the image at the expected position whereas 
the circuits 1b and 3b supply normal signals. Also if the image 
is displaced at the end portions thereof as shown in FIG. 10, 
the sampling circuit 2b provides a normal image signal while 
the circuits 1b and 3b do not. The output of said sampling cir 
cuits is compared with the standard value in the comparing 
circuits 1c, 20 and 3c, and the differences between these two 
sets of values are supplied to the ampli?ers 1d, 2d and 3d. The 
output of sampling circuits is regulated so as to be equal ‘to the 
said standard value when the shape of strip' is uniform as 
shown in FIG. la, and thus no input is applied to the ampli?ers 
1d, 2d'and 3d in this case. In case of excessive rolling in the 
central portion of strip as shown in FIG. 1b, then a difference 
is formed between the output of ‘sampling circuit 2b and the 
standard value, and this difference is supplied to the ampli?er 
2d. Also in case of excessive rolling on the edge portions of 
strip as shown in FIG. 10, input appears in the ampli?ers 1d 
and 3d. ‘ 

The-outputs of the ampli?ers 1d, 2d and 3d are respectively 
supplied to the control valves 1e, 2e and 32. The control valves 
1e and 3e regulate respectively the pressure of oil pressure 
cylinders B, and B2 mounted correspondingly with the respec 
tive detectors between the shafts of upper and lower working 
rolls 17 and 18, while the control valve 2e regulates the pres 
sure of oil pressure cylinders A, and A2 provided between the 
shafts of upper work roll 17 and upper backup roll 19. The 
lower backup roll supporting the lower work roll is 
represented by 20, and the strip 10 is rolled between the upper 
and lower work rolls Hand 18 in an already known manner. 
The dotted lines 1, 2 and 3 indicated on the strip 10 represent 
the positions of sampling. _ 

In case of excessive rolling in the central portion of the strip, 
the output signal of the ampli?er 2d, generated in a manner as 
explained above, opens the control valve to increase the pres 
sure in the oil pressure cylinders A, and A,. As the result, the 
pressure of upper work roll 17 at the end portions thereof in 
creases with respect to the pressure in the central part of said 
roll thereby decreasing the crown. Consequently the rolling 
pressure applied on the strip becomes uniform to correct the 
shape of rolled strip. 
On the contrary in case of excessive rolling in the edge por 

tions of strip, the output signals of the ampli?ers 1d and 3d 
generated as explained before, open the control valves 1e and 
its to increase the pressure of oil cylinders B, and 8,. As the 
result, the pressure between upper and lower work rolls 17 
and 18 at the end portions thereof decreases with respect to 
that at the central portion thereby resulting in the decrease of 
crown. Thus the rolling pressure applied onto the strip 
becomes uniform and the shape of rolled strip is thus cor 
rected. 

Also in another embodiment of this invention shown in FIG. 
3, the image 13 formed on the strip 10 is detected by a TV 
camera 14, and is projected on a cathode-ray tube 21. The 
image thus projected on the cathode-ray tube is divided into 
central and edge portions, and the deviations of these images 
from the predetermined position are respectively measured by 
photoelectric elements 21a and 21b such as phototransistors, 
of which outputs are ampli?ed by the ampli?ers 22a and 22b 
respectively and then supplied to the comparing circuits 23a 
and 23b wherein the signals are compared respectively with a 
standard value. The deviations from the standard value are 
respectively fed to another set of comparing circuits 24a and 
24b in which said deviations and partial feedback signals sup 
plied from, via the ampli?ers 26a and 26b, the circuits 25a and 
25b which electrically indicate the ?nal cylinder pressures. 
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The outputs of comparing circuits 24a and 24b are ampli?ed 
by the servoampli?ers 27a and 27 b and regulate the servo 
valves 28a and 28b to control the pressures in oil cylinders A,, 
A2, BI and B2. The displacement on the cathode-ray tube of 
image in the central or edge portion leads to, in accordance 
with the change in the output of photoelectric element 21a or 
21b respectively, the generation of deviation signals in the 
comparing circuit 23a or 2312 respectively and the pressures in 
the cylinders A, and A2 or B1 and B2 respectively are regulated 
so as to bring this deviation to zero. 

In the embodiment represented in FIG. 4 in which cor 
responding parts are endowed with corresponding numbers 
with FIG. 2, the detection of shape is carried out by the 
photoelectric unit 30 which is located in the re?ected light 
path of said image 13, being the re?ection of a light source 
producing a linear image. Said photoelectric unit 30 consists 
of three groups of photoelectric elements arranged cor 
respondingly with the dotted lines 1, 2 and 3 of FIG. 2, each of 
said groups being composed of a series of, for example, 
phototransistors 30' arranged in longitudinal direction of the 
strip, and said phototransistors being arranged in a manner 
that the re?ected light from the strip falls on a phototransistor 
located in the center of such series when the shape of strip is 
uniform. The outputs from the said phototransistor groups are 
supplied to the identifying circuits 31a, 31b and 31c in which 
the transistors on which re?ected light falls are identi?ed and 
which supply output signals to the ampli?ers Id, 2d and 3d 
when the values of said signals are different from those 
predetermined. The ampli?ed signals are respectively sup 
plied to control valves 1e, 2e and 3e. Similar to the case shown 
in FIG. 2, the control valves 1e and 32 control the oil pressure 
cylinders B1 and B2 located between the shafts of upper and 
lower work rolls 17 and 18 thereby performing the correction 
corresponding to the detectors located at the edge portions of 
the rolled products, whereas the control valve 2e regulates the 
pressure in the cylinders A, and A2 mounted between the 
shafts of upper work roll 17 and upper backup roll I9. 
The working principle of the example shown in FIG. 4 will 

not be discussed here as this is quite similar to that in FIG. 2. 
FIG. 5 shows a photopotentiometer of known structure 

which can be utilized as the substitute for the phototransistor 
shown in FIG. 4, and which is composed of photoconductive 
layer 32 between a conductor 34 and a resistance layer 33 of 
which extremities are connected with a direct current electric 
source 35, thereby making it possible to obtain a potential 
between the terminals 36 and 37 in correspondence with the 
position of light re?ected from the rolled product and falling 
on said photoconductor 32. Thus the output potential in 
dicates the displacement of light image, i.e. actual shape of 
rolled product when such photopotentiometer is used instead 
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4 
of phototransistor. 
As thus far explained, the apparatus of this invention makes 

it possible to realize uniform rolling of strip and therefore pro 
vides an advantage of increasing the value of produced 
merchandise and of decreasing the mental burden of rolling 

’ machine operator. 

15 

Although the explanation in the above examples has been 
limited to the application to rolling of iron strip, it will be 
readily understandable that the present invention is not 
limited to the above application, but is applicable for various 
purposes such as plastic calendaring; production of roll-type 
paper will also be within the scope of this invention. Also it 
will be readily understood that the light source 12 is not neces 
sarily limited to a single linear one, but can also be composed 
of a series of light sources arranged on a line or a single source 
with lens producing a beam linear cross section. 
What we claim is: 
I. An apparatus for controlling the shape of a rolled product 

traveling in a longitudinal direction comprising means for pro 
20 jecting a linear image on the surface of the rolled product in 
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the transverse direction thereof, means for detecting the lon 
gitudinal deviation of a portion of said linear image at least at 
the central and end portion of said image, and oil pressure 
means for regulating the pressure actions on the central and 
edge portions of the rolled product in accordance with the 
output of said detecting means. 

2. An apparatus for controlling the shape of a rolled product 
traveling in a longitudinal direction comprising light source 
means for forming a linear light image on the surface of the 
rolled product in the direction thereof, a television camera for 
detecting said images on said rolled product, means for detect 
ing the degree of longitudinal displacement of a portion of said 
linear light image from its original position at least at the cen 
tral and edge portions of the rolled product, and oil pressure 
means for regulating the pressure working on the central and 
edge portions of the rolled product in accordance with the 
output of said detecting device. 

3. An apparatus for controlling the shape of a rolled product 
traveling in a longitudinal direction comprising light source 
means for forming a linear light image on the surface of the 
rolled product in the transverse direction thereof, photoelec 
tricity conversion means for detecting the degree of displace 
ment to which portions of the image are subjected in ac 
cordance with the shape of the rolled product, said conversion 
means receiving re?ected light from at least the central and 
edge portions of said image, and oil pressure means for regu 
lating the pressure working on the central and edge portions of 
the rolled product in accordance with said photoelectric con 
version means. 


