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ABSTRACT OF THE DISCLOSURE 

This method and apparatus makes non-contacting meas 
urements of internal stress in metal sheet or strip being 
rolled in a cold rolling mill and utilizes such measure 
ments to precisely bend the rolls to obtain superior sheet 
ñatness. This it does by applying loads to a plurality of 
nozzles which are movable up and down and arranged in 
a direction transverse to the direction of travel of the 
sheet or strip running under fixed tension, blowing com 
pressed air against said sheet or strip through said nozzles, 
thereby producing deflection of said sheet or strip through 
a layer of air formed between the end surfaces of said 
nozzles and the adjacent surface. of the sheet or strip, and 
effecting precise bending of the rolling mill rolls accordmg 
to the displacement of said nozzles. 

__m 

As is customarily known, the flatness of the sheet or 
strip manufactured by passing through the rolls in a roll 
ing mill largely depends on the variation of plate thickness 
of the sheet or strip on the transverse direction thereof. 
The main reason for failure to obtain desired ñatness lies 
in the buckling of the sheet or strip. It is also known that 
said buckling is produced from the occurrence of ex 
tremely small differences in the diameter of a workroll 
in its longitudinal direction. By reason of a difference 1n 
the peripheral speed of the rolls in a longitudinal direc 
tion therealong due to the crown of the workroll, the 
sheet or strip may have a diiference of plastic flow in its 
transverse direction. This difference tends to produce the 
difference in the transverse thickness of the sheet or strip 
which in turn brings about a variety of kinds of buckling 
lby the restraint exerted on the parts of the sheets which 
are adjacent to the portion thereof varying in thickness. 
However, means for automatically controlling the flat 
ness of the sheet or strip without directly contacting it 
during its rolling has not yet been developed although con 
siderable improvements have been made on automatic 
gauge control or on the control of various rolling condi 
tions by electronic computer. 
The primary reason for the above mentioned situation 

is that more and mo-re tension is now being applied in the 
longitudinal direction of the sheet or strip as seen in mod 
ern rolling mills and the speed of rolling has so much been 
accelerated as to cause the rolling mill to be enclosed, 
whereby measurement of the flatness of the sheet or strip 
has become far more diiiicult. 

Despite these circumstances, a greater degree of per 
fection is now being demanded for the ñatness of the 
product and consequently there has been developed, by 
the present invention, a measuring apparatus and method 
for determining the exact condition of flatness of the sheet 
or strip and for correcting departures from ñatness during 
the rolling operation and having high sensitivity and me 
chanical precision. To this end, the present invention pro 
vides means for continuously detecting the buckling condi 
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2 
tions of the sheet or strip which is running at a high speed 
and for correcting the crown of the. workroll so as to get 
the desired iiatness. 

Developments have previously been made aiming to 
ward such a method and apparatus in the attempt to meas 
use the shape of the sheet or strip during rolling based on 
the principle that variation of plate thickness in the direc 
tion of travel of the sheet or strip corresponds to the 
variation in its length for a fixed period of rolling time 
in its longitudinal direction. Hitherto several forms of 
such apparatus for measuring the buckling of a running 
sheet or strip under tension have been known but many 
were found to ‘be unsatisfactory during actual operation. 
One of such known methods includes a measurement 

apparatus in which a plurality of rollers of same shape 
and arranged in the transverse direction of the. sheet or 
strip are disposed in the direction vertical to the direction 
of running of the sheet or strip in contact with but free of 
sliding relatively to said sheet or strip and thus to record 
the difference in the peripheral speed of rolls. In another 
known method the shape of the sheet or strip is measured 
by considering the difference of tension on the rolls in 
the transverse direction of the sheet or strip to be equiva 
lent to the difference of deflection of the levels of the rolls 
since the. difference in the length is considered to be pro 
portional to the difference of tension when the sheet or 
strip is rolled under tension. 

These prior methods, however, are not adequate for 
rolling a metallic sheet or strip such as aluminum plate 
which is relatively small in surface hardness and easily 
injured whenever the rolls come into direct contact with its 
surface leaving traces on its surface. Usually aluminum 
sheet or strip owes its excellence to flawlessness, bright 
ness, and smoothness of its surface. Therefore, the pri 
mary requisite called for in the measuring apparatus of 
flatness of the aluminum sheet or strip in rolling is that 
said apparatus will not contact the surface of the alumi 
num sheet or strip while it is being rolled. 
The principal object of this invention is therefore to 

provide a method of and apparatus for observing the 
shape of the sheet or strip in its transverse direction at 
various points in the course of its running without directly 
contacting the surface of the sheet or strip and thereby 
measuring the internal tension of the sheet or strip in 
order to control the rolling mill. 
The further object of this invention ís that by using 

of the newly developed Imethod and apparatus above 
mentioned, this invention provides a method of and ap 
paratus for measuring the distribution of tension on the 
sheet or strip in running by automatic control, in which 
the buckling condition i.e. the lack of flatness of the sheet 
or strip is measured continuously and the measured value 
is transformed into adequate information through shape 
computer circuits and this information is fed back to a 
known crown control unit such as a workroll bending ap 
paratus whereby the diiference in the plastic flow of the 
sheet or strip in its transverse direction is cancelled and 
excellent flatness of the sheet or strip is obtained. 

In order that the invention may be more clearly under 
stood an example thereof will now be described with 
reference to the accompanying drawings, in which: 
FIGURES la to lc are diagrammatic views of the 

sheet or strip showing a variety of bucking conditions 
and FIGURES ld to 1f show the corresponding dis 
tribution of tension in the sheet or strip; 
FIGURES 2a, 2b and 2c are diagrammatic views 

showing the principle of this invention; 
FIGURES 3a and 3b are central vertical sections 

through a portion of the apparatus showing the ñow 
outlet of a nozzle in operation and a condition of the 
surface of the sheet or strip; 
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FIG. 4 is a diagrammatic view showing characteristic 
curves of air layer and pressure load; 

FIG. 5 is a diagrammatic view showing deflection of 
the sheet or strip under tension in which weight is 
taken as a parameter; 

FIG. 6 is a perspective view of one embodiment of a 
measuring apparatus according to this invention; 

FIG. 7 is a front view of the measuring apparatus in 
FIG. 6; 
FIGURES 8a, 8b and 8c show three examples of in 

cipient buckling occurring in the sheet or strip during 
rolling; 
FIGURES 8d, Se and 8f show the respective distribu 

tions of stresses therein appearing on tension indicators; 
and 
FIGURES 8g, 8h and 8i show the respective tension 

graphs recorded thereby; 
FIG. 9 is a block diagram showing construction of an 

automatic control system according to this invention; 
FIG. 10 is one example of a block diagram showing a 

roll bending arrangement; 
FIG. 11 is a flow chart showing a system of the 

measuring unit of the apparatus according to the in 
vention; 
FIG. 12 is a flow chart of a hydraulic control unit and 
FIG. 13 is a diagram showing one example of a crown 

control unit in use in known workroll bending. 
IIt is to be noted that the ñatness of the sheet or strip 

is caused from variation of thickness of the sheet or 
strip in its transverse direction and that the sheet or strip 
which is of poor quality as regards flatness is termed 
a buckled sheet or strip. Such buckling in the transverse 
direction may be classified into three major types as 
shown in FIG. 1. 
There is shown in FIG. la a buckling condition of 

the sheet or strip in its middle part, the portion buckled 
being shown in curved line shading. The distribution of 
internal tension of the sheet or strip in its transverse 
direction is shown in the accompanying diagram FIG 
URE 1d on the right side in the figure. 

In that diagram it is shown that said buckled middle 
part is subjected to compressive stress and that both side 
portions without buckling are subjected tensile stress. 

Bucklings are produced as in FIG. 1b at parts each dis 
tant one fourth of the width of the sheet or strip when 
measured from its side edge when the distribution of 
tensile and compressive stresses in the transverse direc 
tion is as `shown in the diagram thereof in FIGURE 1e. 
FIG. 1c shows that bucklings are produced along both 
side edges of the sheet or strip when the distribution of 
tensile and compressive stresses in the transverse direc 
tion of the sheet or strip as is shown in the diagram 
thereof in FIGURE 1f. These bucklings are usually pro 
duced by a slight ditîerence of diameter in the longitu 
dinal axis of the roll or by the difference in diameter 
causing a difference in the peripheral speed of the roll 
due to the crown (or camber), which in turn produces 
difference of plastic flow in the transverse direction of 
the sheet or strip and consequently causes a difference 
of plate thickness in the transverse direction, thereby 
producing bucklings by restraint thus exerted at the 
boundaries of said portions of thickness difference. 
The sheet or strip thus obtained is elongated by con 

stant tension at the outlet of the rolling mill, whereby 
there is produced in tensile stress distribution indicated 
in the stress distribution diagrams of FIGURES la, 1b 
and 1c including the above internal tensile stress in the 
transverse direction of the sheet or strip. 
Thus this invention has for a further object to provide 

a method eliminating the buckling resulting from the 
uneven tensile stress distributiton on the sheet or strip 
in the transverse direction without being caused to come 
into contact with the surface of the sheet or strip in 
the course of its running. 
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4 
FIGURES 2a, 2b and 2c illustrate the principle of 

measurement of the buckling described above, in which 
FIGURE 2a shows that both ends of the sheet or strip 
are tensioned outwardly and in which the buckling in 
dicated `by which is measured in the absence of tension 
will disappear when it goes beyond a certain level of 
tension and the buckling will be levelled off so that its 
measurement cannot be made visually. FIGURE 2b 
shows the condition in which a dead weight W is applied 
at a point on the sheet or strip in its transverse direction. 
The point at which the dead weight is applied will de 
flect by ö. The dead weights are applied in the similar 
way at several points of the sheet or strip in its trans 
verse direction and the magnitude of deflection ô on such 
point is compared with the magnitude at each other such 
point so as to obtain the distribution of tension on the 
sheet or strip, and thereby to measure the `shape and 
buckling condition of it. 
As hereinbefore described, it is to be understood that 

the surface condition is primarily important for ensuring 
good quality sheet or strip such as for aluminum, be 
cause the quality affects the value of the product when 
placed on the market and injuries are liable to be pro 
duced easily on the surface of the sheet or strip by 
slight contact with weight W so as to depreciate the value 
of the product. 

In FIG. 2c, according to the present invention such 
weight is applied on the sheet or strip through a thin 
layer of air to allow the weight to exert its load above 
the sheet or strip without directly contacting it. In fact, 
this invention has been achieved with this basic principle. 
In order to produce a bearing effect between the sheet 
or strip and the weight by interposition of a layer of 
air, it is required to exert load by blowing jets of com 
pressed air from a nozzle through an outlet so that the 
nozzle may have the effect of producing a layer of air 
of ñxed thickness and pressure between it and the sur 
face of the sheet or strip. 

Construction of a nozzle satisfying such requirements 
is shown in FIGURES 3a and 3b, in which the nozzle 
1 is mounted so as to be capable of moving up and 
down and an air duct Z is provided therein and adapted 
to have one end connected to a source of compressed 
air. The nozzle 1 is positioned in a direction at a right 
angle to the surface of the sheet or strip 3. Each weight 
4 is provided with a collar 5 so as to be detachable freely 
and by its load the nozzle 1 is urged downwardly. 
The characteristic features of the nozzle in actual use 

are shown in FIG. 4, in which relationship of the pres 
sure P of the source of compressed air, the thickness 
T of the layer of air bearing, and the weight W applied 
on the sheet or strip is shown. 

In operation, the nozzle 1, which has the duct 2 and 
is movable up and down, is brought near the surface of 
the sheet or strip step by step in a vertical direction 
perpendicular to the sheet. Within a certain distance of 
movement, the force of the jet flow of air acts on the 
surface of the sheet or strip vertically and downwardly. 
This force may almost be constant if the surface of the 
sheet or strip is wide enough for the size of the nozzle. 
Thus, with the nozzle 1 positioned near the surface of 
the sheet or strip 3, the space 6 between the surface 
of the sheet or strip and that of the nozzle becomes 
smaller and the speed of flow of the air will increase. If, 
then, said weight 4 is placed on the nozzle 1 and the 
load produced by its weight acts perpendicularly on the 
surface of the sheet or strip, the nozzle 1 will be forced 
downward by the wei-ght applied on the nozzle. As a 
result, the layer of air in the space 6 will be further corn 
pressed. The force of the load impressed by the weight 
W on the nozzle 1 will act on the sheet or strip 3 
through the layer 6 of compressed air and will be bal 
anced at some position with the reactionary force of 
deflection of the sheet or strip, because the layer of com 
pressed air can transmit the load on the nozzle to the 
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sheet or strip Without obstructing said load and thereby 
produces the deflection of the sheet or strip. 

It will be seen from FIGURE 3 that the air blown 
out from the nozzle 1 will form a strong bearing layer 
without any direct contact of the nozzle 1 with the 
sheet or strip 3 and the force applied on the sheet or 
strip producing its deflection is only affected by the load 
resulting from the weight 4 placed on the nozzle. At 
this time, the weight of the nozzle is primarily deter 
mined by the magnitude to be produced on deflection of 
the object to be measured, and the diameter of the noz 
zle tube, outer diameter of the nozzle, and shape of the 
surface of the bottom of the nozzle directed to the sheet 
or strip are determined secondarily accordingly tocir-> 
cumstances. 

Examples of operation are shown in FIGURES 3a and 
3b, in which the llat surface of the lower end of the 
nozzle of FIGURE 3a is adapted for measuring de 
llection of the sheet or strip of a metallic material which 
is relatively small in the amount of deflection and the 
spherical surface of the lower end of the nozzle of FIG 
URE 3b is adapted for measuring deflection of the sheet 

_ or strip of a non-metallic material which is relatively 
large in the amount of deñection. 

FIG. 4 is a diagrammatic view showing various char 
acteristics obtained by the measuring unit when the air 
pressure is less than 3 kg./cm.2 as available for practi 
cal use. There are employed two amounts of weight, 
Iw and IIw for the same nozzle. Regardless of the pres 
sure P, the forces exerted by the weights Iw and IIw on 
the sheet or strip will be constant. Also it is to be noted 
that the thickness of the air layer IT and IIT is propor 
tional to the pressure P and inversely proportional to 
the load W. It is possible however to make the varia 
tion in the thickness of the air layer due to variation of 
the pressure P smaller according to appropriate design. 
The relationship of the internal tensile stress a of the 

sheet or strip under tension and the deflection ö is shown 
in FIG. 5 taking the weight W as ‘a parameter. Said 
relationship of the pressure and the deflection is shown 
by hyperbolic curve. 

In practice, the nozzle 1 of FIGURES 3a and 3b can 
be designed according to the above mentioned require 
ments and said measuring apparatuses can be disposed 
in the direction transverse to the sheet or strip, whereby 
the distribution of tensile stress on the sheet or strip 
can be presented as the difference of deilection. By sup 
porting this nozzle to be capable of moving up and 
down, it will be positioned automatically at a point to 
balance with the reactionary force of the sheet or strip. 
By adding the measuring unit indicating said position, 
the internal tensile stress of the sheet or strip delivered 
from the rolling mill can well be measured under heavy 
operational condition. 

FIGS. 6 and 7 show one embodiment of the apparatus 
according to this invention in which the up-and-down dis 
placement of said nozzle is detected by the ditlerential 
transformer 12 shown in FIGURES 6 and 7. The num 
eral 3 in FIGURES 3a and 3b indicates an aluminum 
sheet or strip to be measured under tension. 7, 7', 8 and 8' 
are workrolls and backup rolls respectively in a four 
high-strip mill, and 9 indicates a deilector roll. 
The measuring apparatus according to this invention 

is disposed between the workrolls and the deflecter roll. 
The nozzle 1 is loaded with the weight 4 to be capable of 
being detached easily, which weight is selected according 
to the thickness of the sheet or strip. The numeral 10 
designates a sliding table for supporting the nozzle and 
controlling the position of it to the left or the right in 
sliding. Said sliding table 10 is supported by a base table 
11, which is fixed on the frame of the rolling mill parallel 
to the pass line. In order to electrically transform the up 
and-down movement of the nozzle 1, a differential trans 
former 12 is provided on said sliding table 10, and its core 
13 is ñxed to the nozzle 1 through the support arm 14. 
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Said air duct 2 is ilexibly connected to the source of com 
pressed air 9 by a vinyl or rubber tube 15, and this con 
nection is provided Without restraining the up-and-down 
movement of the nozzle 1. By constructing the base table 
11 in the form of spaced parallel bars (FIGURE 6), the 
nozzle supporting sliding table 10 is provided with a 
rectangular lower portion extending downward between 
these bars for preventing the nozzle 1 from effecting a 
rotational movement in the peripheral direction while 
permitting sliding adjustment along the bars. 
The buckling condition of the sheet or strip to be meas 

ured by the method and apparatus of this invention is 
shown in FIGURES 8a, 8b and 8c which could not herc 
tofore have been measured under tension of the sheet or 
strip in a quantitative Way. In FIG. 8a, the sheet or strip 
in a buckling condition as shown in FIG. l is measured 
at tive points of A, B, C, D and E in the direction trans 
verse to the sheet or strip. In this case, the internal tensile 
stress is indicated by the height of a ribbon on the known 
indicator as shown in FIGURE 8d, and recorded as a 
distance from the X--X line on the known recorder as 
shown in FIGURE 8g. Similar indications for FIGURE 
8b are Shown in FIGURES 8e and 8h, while those for 
FIGURE 8c are shown in FIGURES 8f and 8i respec 
tively. 
By adjusting the height of the ribbon by making all 

the portions uniform, it is possible to obtain a sheet or 
strip of desired ilatness having no internal tensile stress 
in it. . 

As above mentioned, the apparatus according to this 
invention can thus effect a desired prevention of the buck 
ling by thus detecting and measuring its effect while at 
the same time causing no damage on the aluminum sheet 
or strip. This operation is easily performed, and thus 
obtains an extreme advantage for the rolling operation. 

Hereinafter, one embodiment of automatic control of 
the apparatus which effects the above mentioned opera 
tion will be described in detail. 

FIG. 9 is a block diagram ̀ showing the system of auto 
matic control of the apparatus according to this invend 
tion. In the diagram object of control 21 represents mag 
nitude of the crown and is controlled by the shape con 
trol unit, such as the workroll bending unit or the back 
up roll bending unit or other shape controlling appara 
tuses. Detecting unit 22, also shown in FIGURES 3, 6 
and 7, is provided for measuring the shape or ilatness of 
the sheet or strip and the buckling of the sheet or strip 
corrected with controlled working roll, and these are 
arranged in the direction transverse to the sheet or strip. 
At the detecting unit 22, in order to transmit the deflec 
tion, it is transformed into electric energy by the dif 
ferential transformers 12 and it may be transformed into 
the magnitude of air pressure. A computing unit 23 is 
provided for transforming deflection into signals and for 
presenting it in a suitable manner for automatic control 
or measurement. The unit 23 is capable of making com 
parative computation of signals emitted from a number 
of detecting units 22. For this purpose, the deflection may 
preferably be transformed into electric signals in order to 
make it more advantageous for the operation of the sys 
tem and the handling of signals. In the comparative com~ 
putation commands may be set externally as inputs which 
may be used for comparison. 
The control unit 24 is required to function for trans 

forming the computed signals to signals having adequate 
magnitude, amount, and respondent speed for driving the 
power unit 25. Mere provision of a Simple on-oiî control 
will produce a hunting effect which makes it impossible 
to fully control the system. 
To obtain a signal of appropriate magnitude, amount, 

and respondent speed described above, it is required to 
provide a function additionally for the control unit 24 to 
carry on proportional plus integral action or derivative 
action and to transmit variable and suitable contents for 
the system. The power unit 25 functions to control the 
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roll shape control unit provided in the rolling mill. If 
the control of said shape control unit is carried out hy 
draulically, as described more fully below in connection 
with FIGURE 13, it may be attained only by opening of 
the valve, and said opening of valve may be accomplished 
electrically or by air pressure. 
The system is provided to form a complete closed loop 

so that the workroll may bend microscopically in a con 
Vex or concave form according to magnitude of hydraulic 
pressure or the direction of its operation so as to obtain 
the sheet or strip of desired ñatness. 
The block diagram shown in FIG. 10 is a detailed 

example of construction of the apparatus of this inven 
tion. 

In the diagram, S/D transformer or stress-displacement 
transformer 26 constitutes a part of the detecting unit 22 
described and its actual apparatus is shown in FIG. 6 
and FIG. 7. The above-mentioned stress displacement 
transformer 26 is represented by the air nozzle 1 in FIG. 
7 and it functions for transforming the tension of the 
sheet or strip and its variation into the detecting unit, that 
is, to the variation in position in vertical direction of the 
air nozzle 1 corresponding to the variation in the deflec 
tion of the sheet or strip. 
D/E transformer 27 or displacement-voltage trans 

former in FIG. 10 acts for transforming the position in 
the vertical direction, of the detecting unit 1, that is, the 
position of the air nozzle and the amount of deflection 
and its variation into voltage, the typical one of which 
constitutes a differential transformer 12. Depending on 
circumstances, however, other appropriate electric trans 
former or air micrometer may be utilized. In this embodi 
ment, as shown in FIGS. 6 and 7, there is provided a 
differential transformer 12 in the detecting unit. 

There is provided an amplifier 28 adapted for obtaining 
output of adequate magnitude as input for comparative 
computation and an indicator 29 for measurement. This 
apparatus is capable of determining detecting sensitivity 
and adjusting a pass line level. 

Detailed example of the above-mentioned amplifier is 
shown in FIG. ll, in which displacement measuring unit 
30 consists of C-R oscillator 31 generating AC voltage 
for exciting differential transformer 12, an automatic com 
pensating circuit 32 for erasing errors in the power source 
voltage variation, frequency, temperature, conductor re 
sistance, and linearity, and a measurement adjusting cir 
cuit 33 for rectifying output of the differential trans 
former 12 to introduce output of a fixed AC current. 
A zero shifter 34 constitutes a DC millivolt generator 

for shifting electric zero point of an indicating recorder 29 
Of the DC automatic balancing type to a desired position. 
The circuitry system is so arranged that 100 v. AC 

current is rectified and constitutes a constant voltage cir 
cuit in use of semi-conductor circuit so as to take out 
external output through rough and minute adjustment. 
In FIG. 1l, one of the channels of said indicating re 
corder 29 of DC automatic balancing type is diagram 
matically shown, which is of a ribbon type indicator con 
venient for observation and which can receive voltage 
signal from the zero shifter 34, and measure and indicate 
its value. In practice, the DC automatic balancing type 
indicating recorder 29 as shown in FIGS. 6 and 10 is re 
quired to have five channels in order to measure the 
distribution of tensile stress on the sheet or strip by the 
above mentioned detecting unit 1 provided at five places 
on the sheet or strip in the transverse direction thereof. 

In FIG. 10, there is shown an example of the DC 
automatic balancing indicating recorder 29, which can 
indicate measurement of the distribution of tension in 
the direction transverse to the sheet or strip in which 
the magnitude of tension is proportional to the height 
of the ribbon. That is, the higher the ribbon, the larger 
is the tension. It is shown at 29 in FIGURE l() that the 
tension in the centre part (part C) is smaller than the 
tension in both end portions (parts A and E) and that 
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the shape of the sheet or strip represents the centre buck 
ling as shown (a) in FIGS. l and 8. Reversely, if the 
sheet or strip has an edge buckling as shown (c) in 
FIGS. 1 and 8, the tension on both ends (parts A and E) 
is srnaller than at the centre part (part C). 
The output from the amplifier 28 controls the hydraulic 

pressure of the control unit 24, said control unit con 
trols the motor 35, and said motor in turn controls the 
opening of the valve 36 as shown in FIG. 10. Then the 
roll crown 37 is adjusted in proportion to said opening 
of the valve, the result of which is fed back to said S/ D 
transformer 26. More particularly, the output from the 
amplifier 28 controls the hydraulic pressure of the con 
trol unit as shown by the flow chart of FIG. 12. 
An explanation will now bemade with reference to 

FIG. 12. The stress distribution on the strip is detected 
by the differential transformer 12 at three points of the 
end of the strip on the driving side, centre part of it, and 
the end of the strip on the power side, and the measured 
amount is indicated by the DC automatic balancing indi 
cating recorder 29. The amount of the indication on 
these points are respectively represented with A, C, and E. 
There is provided a sliding resistance 38 on each DC 

automatic balancing indicating recorder 29. A constant 
current is applied on both ends of said sliding resistance 
38 from a power source box 39 and a voltage signal is 
taken out in operation representing the indication of each 
DC automatic balancing indicating recorder 29, that is, 
of each amount measured A, C and E. Each such amount 
is transmitted to the computing unit 23 that can com 
pute the formula 

(A+B) 
*TMC 

from said voltage signal as input. The output of this 
computer unit 23 is used as an input for the control unit 
24. . 

When this control unit 24 is set for the set value of 
commands such as 

the control output from the control unit 24 electrically 
sets the amount of input corresponding to difference of 
the set amount in the power unit 25. The control unit 
24 comprises the following functions. As a control action, 
it makes a PID (proportional plus integral plus deriva 
tion), as an alarm action, three-position action of neutral, 
high and low. There is provided automatic, manual 
change-over mechanism and a manual operator. 
The output of the` control unit 24 requires an opera 

tion amplifier 40 by which it is connected to two units 
of pressure regulators 41 and 41’ (FIGURE 12). The 
output of the operation amplifier 40 becomes the input 
of limiters 42, 42’. The limiters 42, 42’ are provided for 
distributing the output for control into two systems be 
cause the control unit 24 is divided into two systems as 
described below (FIG. 13 is referred to). 
The outputs of the limiters 42, 42’ become inputs of 

the cascade Setters 43, 43'. Cascade Setters `43, 43’ func 
tion for transforming a current signal to a voltage signal, 
since the electrical signal to the pressure regulators 41, 
41’ is a voltage signal. 
The voltage outputs of the cascade setters 43, 43' 

become set signals to the pressure regulators 41, 41’. The 
pressure regulators 41, 41’ receive as inputs the output 
signals from the pressure detecting units 44, 44’ described, 
and also receive as inputs the control outputs of said con 
trol unit 24 as set signals to control the pressures in the 
hydraulic cylinders 45, 45'. 
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The pressure regulators 41, 41’ control the commands 
according to the instructions received from the control 
unit 24 so that the cylinder pressure of Imost suitable 
value may be obtained. It is aided by a three-position 
action as a controlling action. 
The pressure detecting units 44, 44’ detect the pres 

sure values in the cylinders 45, 45', transform these pres 
sure values to analog signals (voltage), transmit them 
and employ them as inputs for the pressure regulators 
41, 41’. 
The pressure reducing valve operating units 46, 46’ 

receive the outputs of the pressure regulators 41, 41’ as 
inputs, operate the pressure reducing valves 47, 47’ and 
regulate the pressure in the cylinders 45, 45’. Said pres 
sure reducing valves 47, 47' are operated by gear wheels 
fixed to the reducing valve controlling handles according 
to the output signals of the pressure regulators 41, 41', 
and the -gear wheels are driven by racks according to the 
magnitude of the output signals and their direction. The 
output of the control unit 24 is divided into two systems as 
above mentioned and shown in FIGURE 12, because as 
shown in FIG. 13, as it loads oil pressure in roll bearings 
48, 48', 49 between upper and bottom workrolls 7, 7’ 
and between upper back surface support roll 8 and upper 
workroll 7, it bends the workrolls 7, 7' to control the 
crown thereof. 

Referring to FIG. 13, if the pressure in the hydraulic 
cylinders 45, 45’ between the upper and bottom workrolls 
7, 7’ is raised, the workrolls 7, 7’ are bent in the direc 
tion to which positive crown is applied, and if it is low 
ered reversely, the workrolls 7, 7 ' are bent to apply nega 
tive crown. In order to bend workrolls 7, 7’ by applying 
negative crown thereto, oil pressure of the hydraulic cyl 
inders 45, 4S’ may be raised between the bearings 48, 
49 of the upper back surface support roll 8 and the upper 
Workroll 7. 

In the above description, there has been given an ex 
ample setting forth a simple application of the workroll 
deiiection control unit, in which the signal from the de 
tecting unit 2 controls the workroll deflecting unit with 
a signal of 

(A-l-E) 
T-C 

accordin-g to the result of measured deflections A, C and 
E, i.e., the magnitude of tension at the end of the sheet 
or strip on the driving side, at the centre part, and at the 
end part of the sheet or strip on its power unit side. It 
is also possible however to -give such commands from out 
side, to discriminate and compare outputs at all points 
and to take them out as control signals at many points 
with respect to the control unit for controlling the crown 
at a desired position in the longitudinal direction of the 
workroll. 
What we claim is: 
1. A method of continuously measuring internal stress 

of a resilient metal strip being rolled by the work rolls 
of a cold rolling mill without contact between the meas 
uring means and the strip during travel of the strip 
through the mill under a continuously-applied predeter 
mined tension, said method comprising 

mounting the strip for free and unopposed deflection 
thereof during travel thereof between successive rolls 
of the mill, 

mounting an air nozzle between said successive rolls 
and adjacent one side only of the strip for move 
ment perpendicularly thereto toward and away from 
the strip. 

maintaining said nozzle constantly spaced away from 
and out of contact with the strip, 

feeding compressed air at a predetermined pressure 
through said nozzle and consequently forming a layer 
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10 
of compressed air constantly urging said nozzle away 
from the strip, 

applying a predetermined load to said nozzle and thence 
through said compressed air layer to the strip- and 
consequently deilecting localized buckling resulting 
from a difference of plastic iiow in the transverse 
direction of the strip away from said nozzle while 
simultaneously causing movement of said nozzle 
away from the strip, 

detecting the magnitude of said movement of said 
nozzle, ` 

and electrically converting the thus-detected nozzle 
movement into stress measurement units showing 
the internal stress within the deñected portion of 
the strip adjacent said nozzle. 

V2. A method of continuously controlling the ñatness 
of a resilient metal strip being rolled by the work rolls 
of a cold rolling mill by continuously measuring the in 
ternal strip thereof at a plurality of laterally-spaced lo 
cations thereacross during travel of the strip through the 
mill under a continuously-applied predetermined tension, 
said method comprising 

mounting the strip for free and unopposed deflection 
thereof during travel thereof between successive rolls 
of the mill, 

mounting a plurality of air nozzles between said suc 
cessive rolls in laterally-spaced parallel relationship 
to one another adjacent one side only of the strip 
for movement independently of one another per 
pendicularly toward and away from the strip, 

maintaining said nozzles constantly spaced away from 
and out of contact with the strip, 

feeding compressed air at a predetermined pressure 
through said nozzles and consequently forming layers 
of compressed air constantly urging said nozzles 
away from the strip, 

applying predetermined loads to said nozzles and thence 
through said compressed air layers to localized buck 
ling resulting from a difference of plastic flow in the 
transverse direction of the strip and consequently 
deñecting the strip away from said nozzles while 
simultaneously causing movement of said nozzles 
away from the strip, 

detecting the magnitude of said movement of each of 
said nozzles, 

converting the magnitude of movement of said nozzles 
into corresponding electrical signals through arith 
metic circuits, 

and mechanically deforming the crowns of the work 
rolls locally in response to said electric signals and 
thereby achieving flatness of the strip while stabiliz 
ing the internal stresses previously existing therein. 

3. Apparatus for continuously controlling the iiatness 
of a resilient metal strip being rolled by the work rolls 
of a cold rolling mill by continuously measuring the in 
ternal stress thereof at a plurality of laterally-spaced 
locations thereacross between successive rolls of the mill 
during travel of the strip- through the mill under a con 
tinuously-applied tension, said apparatus comprising 
means providing free and unopposed deflection of the 

strip during travel thereof between said successive 
rolls of the mill, 

a base structure adapted to be mounted adjacent one 
side only of the path of travel of the strip between 
said successive rolls of the mill, 

a plurality of air nozzles mounted on said base structure 
in laterally-spaced parallel relationship for move 
ment independently of one another perpendicularly 
to the path of travel of the strip. 

means for feeding compressed air at a predetermined 
pressure to said nozzles and adapted to constantly 
tform layers of compressed air between said nozzles 
and the strip and consequently maintaining said 
nozzles spaced away from and out of contact with 
the strip, 
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